An Overview of Equipment Designs
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for the Heat Treatment of Fasteners o s

The heat treatment of fasteners can be done in a variety of industrial furnaces
and ovens, which are available in a myriad of shapes and sizes. Some are designed
to run a wide range of diverse products; others dedicated to running one particular
component part. Similarly, the processes run in them can also be quite diverse,
ranging from annealing to hardening to tempering; some furnaces must have the
flexibility to run almost anything; others are focused on a single process applica-
tion. Some of the more common types and the applications for the heat treatment
of fasteners will be discussed here.

Heat treatment systems for fasteners must all have one thing in common - flex-
ibility; the capability to produce large or small quantities of fasteners “on demand”.
It is not uncommon to see production lots as small as 4.5 kg (10 lbs.) and as large
as 4535 kg (10,000 lbs.) or more. The most common heat treatments for fasteners
involve hardening and case hardening (carbonitriding and carburizing) followed by
tempering. Case depths are shallow, typically 0.0038 - 0.038 mm (0.0015" to 0.015").
Quench media runs the gambit from brine, water, polymer, oil, and molten salt de-
pending on engineering requirements.

The characteristics of various types of furnaces and ovens are outlined below so
as to provide general guidelines for their use. Normal operating temperatures (Table
1), common applications performed in each type of furnace (Table 2] and the type
of atmosphere run (Table 3] are examples of the information needed to help deter-
mine if a particular furnace style is appropriate for a given product.

Table 1' Typical Furnace Operating Temperature Ranges 31"~ # 4R (B BB (58 B35

Furnace Style Jp R4 K%L;;l{gggr@attngﬁ:]nge ."CCF

Box &30
Pit 7= 120 - 1090 (250 - 2000)
Mechanized Box (Integral Quench)
MR (BAREA)

Bell 4 &

Salt Bath 4=t

Gantry 75| 120

Tip-Up im#Ep &=

Carbottom &ZFZE/KD,

Mesh Belt Conveyor Furnace (with or without support
rollers, open chamber of muffle style)
Wzl (AT ERE - DHRBEFRURE)

Mesh Belt Conveyor Furnace (Ceramic Belt)

205 - 1175 (400 - 2150)

760 - 980 (1400 - 1800)

400 - 1040 (750 - 1900)
205 - 1315 (400 - 2400])
790 - 980 (1400 - 1800)
595 - 980 (1100 - 1800)
425 - 1205 (800 - 2200)

205 - 1175 (400 - 2150

L ORERE
. (0.0015 “~0.015" ) e s A MR LIRE
- KME - —IL,LE'*'VK KNBREY - H
© AN AR ER

WA (AR )

Inclined (Humpback) Conveyor Furnace
AU (PR ) Hnxzl

Cast Link Conveyor Furnace
SRR

Roller Hearth Furnace SZ#JET,
Pusher Furnace =
Walking Beam #5325,

Rotary Drum JE#E 8=

Rotary Hearth #£ K=

Shaker Hearth Furnace #R/Ez\
Monorail B =

Tube Annealing Furnace &R A
Screw Conveyor B2 FE#ix
Chain Conveyor #rztig%as

Forge Furnace $8i&3(

205 - 1315 (400 - 2400)

540 - 1175 (1000 - 2150

540 - 955 (1000 - 1750)

425-1010 (800 - 1850)
845-1010 (1550 - 1850)
955 - 1290 (1750 - 2350)
790 - 955 (1450 - 1750)
790 - 925 (1450 - 1700)
845 - 1010 (1550 - 1850)
790 - 955 (1450 - 1750)
760 - 1150 (1400 - 2100)
675 - 955 (1250 - 1750)
675 - 955 (1250 - 1750)
870 - 1315 (1600 - 2400)
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Usebingy Table 2'Common Applications of Heat Treating Furnaces 322 ' « # &R )P I 57
Furnace Style Application Use

JPERRESC Kz A

Bell Aging, Bluing, Hardening, Nitriding, Solution Heat Treatment, Stress Relieving, Tempering
B EAL o RIE - R 2R BIALE C JHRRLS > A
Box Aging, Annealing Carburizing, Hardening, Malleabilizing, Normalizing, Solution Heat Treatment, Stress Relieving, Tempering
i 2 BA B L BEaEl 0 A BIRAE ) BRI @K
Car Bottom Annealing, Carburlzmg, Hardening, Homogenizing, Malleabilizing, Normalizing, Spheroidizing, Stress Relieving, Tempering
BEERN B SR B 195 A Sl 0 BN B - JBBRRL - @
Cloverleaf Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Normalizing, Tempering
=HEK BAC BEE - BALS 0 Bk B EAC B
Continuous Slab Carburizing, Homogenizing, Solution Heat Treatment
EELEAREC Sl L o EARALE
o Austempering, Annealing, Brazing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Homogenizing, Spheroidizing,
st Tempering
EmaEA RN RIE - BEE - BRELS - SR B 98 BRME > [
Electron Beam Hardening (surface)
BFERPER W3R mE)
Elevator Hearth Aging, Annealing, Hardening, Malleabilizing, Solution Heat Treatment, Stress Relieving, Tempering
PEFHBI B BAC EAC FIRBRSN 0 BRI BRI 0 [
Fluidized Bed Carbonitriding Carburizing Hardening Nitriding, Nitrocarburizing, Steam Treating, Tempering
TR S - B B BE - ABHLS > FHALNE - @A
Humpback

Annealing, Brazing, Hardening, Stress Relieving, Sintering

FIREESINE 5o . o @i - EBE - B

=
Induction Hardening, Tempering
ZINEM B [A

Austenitizing, Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Nitrocarburizing, Normalizing, Stress

[nfsetyet el Relieving, Tempering

S BB IR BAEE » BESES R 0 A EREES - A BB - B

lon Carbonitriding, Carburizing Nitriding, Nitrocarburizing

BT AL 0 Bl BR - AnES

Laser Annealing

Monorail Annealing, Hardening, Normalizing, Stress Relieving, Tempering

B IR IR BN JEBRRLS] » @A

Pit Annealing, Bluing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Homogenizing, Nitrocarburizing, Nitriding,

st Normalizing, Solution Heat Treatment, Steam Treating, Stress Relieving, Tempering
- B RIE - BB - BEILS - B B R &S 0 BE B EARKIE - FISLIE C SEIRNS - B

Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Malleabilizing, Metallizing, Nitrocarburizing, Normalizing,

;)E‘u%h;;f Solution Heat Treatment, Sintering, Spheroidizing, Stress Relieving, Tempering
B B BB > BEILES - Bh BN BEFAEl 0 BN 0 BRI 0 EA BISRANE - R4 BAGRA JEERRLT 0 [k
Quartz Tube Hardening, Sintering
ARERX [
EZE’;Z”CQ Aging, Annealing, Carbonitriding, Hardening, Normalizing, Stress Relieving
i R AL 2 BRI BRESLZ BB 0 A RIJUER

Bluing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Malleabilizing, Normalizing, Solution Heat Treatment,

soller Hearth Spheroidizing, Stress Relieving, Tempering

s :
AR WA - BAEE  BEIDS R WML MRS - A ERAAIE BRI SRR - B

Rotating Finger Annealing, Hardening, Normalizing, Stress Relieving, Tempering

FERTERE T IR fE4E 0 BN JHBRRLS » @A

Rotary Hearth Annealing, Austempering, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Tempering

R BAC EmEAo BEE - BELS 0 B0 B BX

Salt Bath Austempermg Carbonltrldlng Carburizing, Hardening, Malleabilizing, Martempering, Nitrocarburizing, Normalizing, Tempering
N oE EmAEN O BREILS 0 SR B BEREN 2RI AS 0 EAC @A

Screw Conveyor Annealing, Hardenlng, Stress Relieving, Tempering

otz pesae IR RELE 0 BBRALA - @A

Shaker Hearth Annealing, Carbonitriding, Carburizing, Hardening, Normalizing, Stress Relieving, Tempering

PR RN RIS - B8 0 BB 0 TEAC SBBREL B

Split Annealing, Stress Relieving

DX R RITERR

Tip-Up Annealing, Hardening, Malleabilizing, Normalizing, Spheroidizing, Stress Relieving, Tempering

I EBRIE T B B - BEEIR S - IEA 0 3K JHBRELS » @A

Annealing, Brazing, Carbon Deposition, Carbonitriding, Carburizing, Degassing, Hardening, Nitrocarburizing, Normalizing, Solution

Vacuum ’ . L :
EER [—Ieat Treatment, Sintering, %tresF Rellev‘mg Tempering
- B IRIE Mk RIS 0 Bk 0 LS B @t 0 IEAC EAARGNIE - G4 0 THIRRL 0 BIA
Walking Beam Annealing, Hardening, Normalizing, Sintering, Stress Relieving, Tempering
SR IR BB 0 IEAC - Gedh o JEBRRL > BA



Table 3' Common Types of Furnace Atmospheres 33 '« iP5 575 2R

Type 3

Air® 225

H}

Argon " &°

Alcohols fig

Blended Atmospheres
RESE

Carbon Dioxide Z & {\ Bk
Carbon Monoxide

— Sk

Custom Blends
EHRESHK

Generated Atmospheres*
B ERS AT

Helium® &°
Hydrocarbons
BEUEY

Hydrogen® &°

Nitrogen® &°

Oxygen &85

Products of combustion

BRI
Steam &35

Sulfur Dioxide Z& 4%

Synthetic Atmospheres
AR
Vacuum ' B2

Notes:

Chemical
Symbol
A=FEE=

N, + 0,

Ar

CeHg, CoHg

Co,

Co

He

CH,, C3Hj,
CAHHJ

H,

N,

0,

H,0

S0,

Remarks
7

Air is approximately 79% nitrogen, 20.5% oxygen.
FRNRTIBHAS » 20.5%HAS

Argon is an inert gas. S & —MIEMES K

Atmosphere created by the decomposition of benzene or
toluene dripped into a hot furnace.
FRSFEOBNDBEES R R A RHIE o

Mixtures of various gases including nitrogen (0 - 100%)

and hydrogen (0 - 100%) blends, and so-called “wet”
atmospheres, that is high dew point nitrogen or hydrogen
mixed with dry gas.

BEMSARHREEY - BFEAS(0 - 100%)F1ES(0 - 10096)89
HIRY > DURETIBH R S5 SHESTRSERES

MEEARSRES -

Alcohols, Combinations of N2 + Other Gases.

B2 - AR N2+ B SRHA &

Endothermic, Exothermic, Dissociated Ammonia.

W A DRERIER

Helium is considered an inert gas.

I A —REMESR

Typically Methane (CH4), Propane (C3H8), Butane C4H10).
BRI - FYE(CH 4) ~ FkE(C 3 H 8) ~ TUe(C 4 H 10)

A mixture of a hydrocarbon fuel gas and air whose
composition is dependent on the air/gas ratio.
BEAARINZSNASY  ERGBATS/MSIULEIRE
Promotes a stable oxide layer on the part surface.

R FHERERMNENRE
Used for processing magnesium alloys. i FEA&SHINT

Nitrogen/Methanol. &/FfE

Vacuum is the absence of an atmosphere. EE N FEEME S

The most common furnace atmosphere is air. For certain low temperature operations
such as tempering, the final condition of the material’s surface must be able to tolerate
a slight degree of oxidation. Solution heat treatment and aging operations on aluminum
alloys is another example where the tightly adherent oxide layer already present allows

for processing in air.

Argon and helium are true inert gases. Nitrogen may be reactive to the surface
under certain conditions (e.g. processing of stainless steels above 980 °C (1800 °F) can
result in nitrogen pickup on the surface). Hydrogen is highly reducing but can lead to
embrittlement in certain alloys (e.g., titanium, tantalum).

The products of combustion are often utilized as a furnace atmosphere for box style
furnaces, carbottom furnaces, tip-up furnaces and many other designs. Depending on
the resultant composition and the tolerance of the steel to surface oxidation, this atmo-
sphere is often sufficient. Fasteners are typically not heat treated in this type of atmo-

sphere.

Generated atmospheres produce combinations of gases of specific composition
and are prepared on site by use of gas generators that are designed for this purpose.
The “feed” stock (i.e., the hydrocarbon fuel gas) in combination with air creates the
atmosphere. The feedstock is typically natural gas, propane or butane. Endothermic
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gas is one of the most common furnace atmospheres for the
hardening and case hardening of fasteners.

Synthetic atmospheres are those produced from combinations
of nitrogen and alcohols. This atmosphere can be used for
fastener heat treatment with certain precautions (e.g., avoidance
of surface decarburization)

Vacuum can be thought of as the absence of an atmosphere.
A principal difference between vacuum heat-treating and all
other forms of heat treatment is the absence of, or the precise
control over, surface reactions. In many instances a vacuum
purge is utilized at the onset of a heat treatment process and
designed to ensure the removal of oxygen from the furnace
environment prior to introduction of another type of atmosphere.
Retorts placed inside furnaces often utilize this practice. Vacuum
furnaces often perform their heat treatment processes under
partial pressure. Argon, hydrogen, and nitrogen are the most
common partial pressure gases and their selection must be
carefully made taking into account safety, reactivity with the
materials being processed and cost. Many of the materials run
in vacuum are processed at temperatures and pressures at
which individual elements can volatilize, that is, leave the part
surface. Partial pressure systems are designed to prevent this
from happening by establishing a combination of pressure-
temperature-time that minimizes the vaporization of the more
volatile alloy constituents.

During operation, the volume of protective atmosphere
required for safe use in a particular heat-treating furnace
depends to a great extent on the:

e Type and size of furnace;

e Presence or absence of doors and/or curtains;

e Environment [especially drafts);

e Size, loading, orientation, and nature of the work being processed;

e Metallurgical process involved.

In all cases, the manufacturer’s recommendations should
be followed since they have taken these factors into account
during the design of the equipment. Remember that to purge air
out of a furnace prior to introduction of a combustible furnace
atmosphere requires achieving an oxygen content in the chamber
of below 1% prior to the introduction of the atmosphere. This
corresponds to a minimum of five (5] volume changes of the
chamber (Table 4).

Table 4' Effect of Volume Changes on Percent Initial Gas or Mixture
Remaining

x4~ BTN T RS ASRSRESEE S LN

No. of Volume Changes
=%
BEx

% of Initial Gas Remaining in Vessel

BRTHRNAESE%)
0.1 90.48
0.2 81.87
03 74.08
05 60.65
1.0 36.79
2.0 13.53
3.0 4.98
4.0 1.83
5.0 0.67

Furnace Styles

In broad based terms, furnaces and ovens can be divided
into three basic types: batch, continuous and special purpose
(Table 5). Batch units tend to process large workloads
running for long periods of time. In a batch unit the work
charge is typically stationary so that interaction with the
furnace atmosphere is often considered to be in near
equilibrium conditions. By contrast, the movement of the
workload in some manner during processing characterizes
continuous furnaces and the atmosphere surrounding the
waorkload can change dramatically as a function of the
position of the work charge.

Table 5 Types of Batch and Continuous Furnaces and Ovens

5~ kR FEL ISP ER

Furnace Style ™ fp st

BATCH CONTINUOUS P
HRR st Pl

= S5 R
Box (Fig. 1) (“2?;“3‘]’6“ conveyor  Tipe
A= (E1) B () Sk
Pit Inclined humpback Screw conveyor
RN conveyor o [V

Integral guench (Fig.

Cast link belt (Fig. 4)  Chain conveyor

2) ime e (E4) G2 ie
Bell furnaces Roller hearth (Fig. 5) ﬁl;:ili;d billet
i i L4 SRR A
Elevator hearth Pusher Forge

FEEL AT B

Gantry Walking beam Kilns

AN HEFEAT g

Salt bath Rotary drum (Fig. 6)  Split (wrap around)
;AR WA (E6) btz
Tip-Up Rotary (Ring) hearth Ei;ggferi?czle
uﬂﬁﬁﬂ%ﬂ@ﬁ }}E!ﬁ% (IZ(K) }E_%j %’Efi#;/%\;;é[ﬁi;ﬁ]
Carbottom Shaker hearth (Fig. 7) Dip tanks
BEEFRN RIEX K (E7) Vil 1
Horizontal vacuum .

(Fig. 8) Mo;]lor‘all

KEREE () T

Notes:

The designs most appropriate for fastener heat treatment are shown in
bold print.
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(a) (b)

Figure 6 Rotary Drum Furnace

(a) Typical Furnace Installation (Photograph Courtesy of SECO/WARWICK Corporation)
(b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)

E6 M iFE s

(a) BB PR 22 35 (SECO/Warwick /2 B]#24t) (b)FIE B (SECO/Warwick /3 B]#2ft)
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(a) (b)

Figure 1 Box Style Furnace

(a) Typical Furnace Installation

[Photograph Courtesy of JL Becker, a Gasbarre Furnace Group Company)

[b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)

B fER

(a) g B PRz 2 (JL Becker Jehir/A )R A (b)FIEE (SECO/Warwick A A2

(a)

Figure 7 Shaker Hearth Furnace

(a) Typical Furnace Installation (Photograph Courtesy of DF Industries)

(b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)
7 #RzUR 4P

(a) B AU kiR % 3% (DF Industries /2 FI3244t) (b)FIE B (SECO/Warwick /> Fl42 )
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(a) (b)

Figure 2 Mechanized Box (Integral Quench) Style Furnace

(a) Typical Furnace Installation

[Photograph Courtesy of JL Becker, a Gasbarre Furnace Group Company)

[b) Cross Sectional View (Photograph Courtesy of ASM International)
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(a) BB PR 22 5s (JL Becker 4 ir/A RIER (L) (DIFIEE (ASMERRA AITR M)
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(a) (b)

Figure 8 Horizontal Vacuum Furnace

- (a) Typical Furnace Installation (Photograph Courtesy of Solar Atmospheres Inc.)

T

—

[b) Cross Sectional View (Photograph Courtesy of Solar Atmospheres Inc.)

E8 kFAE=Y
(a) g2 R k%23 (Solar Atmosphere Inc. /A BJ32 )
(b)ZIEE (Solar Atmosphere Inc. /3 F3244)
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Final Thoughts

The proper selection of heat treatment equipment must be
done in conjunction with the original equipment manufactur-
er. For his part, the purchaser must have a clear understand-
ing of his application requirements, productivity needs and
the capabilities and limitations of his personnel in addition to
many other considerations. The OEM supplier must be able
to provide guidance and offer solutions to meet the needs
presented.
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(a) (b)

Figure 3 Mesh Belt Conveyor Furnace

(a) Typical Furnace Installation (Photograph Courtesy of Williams Industrial Service, Inc.)
(b) Cross Sectional View - Furnace & Quench Tank

[Photograph Courtesy of SECO/WARWICK Corporation)

3 W

(a)fp iR Z2 3£ 8 R (Williams Industrial Service /A FJ1243t)

(b)FIE & - #AhIRYP 2 % A HE (SECO/Warwick /A A3 )
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(a) (b)

Figure 4 Cast Link Belt Furnace

(a) Typical Furnace Installation (Photograph Courtesy of Surface Combustion, Inc.)
[b) Cross Sectional View — Quench End

B4 ek amE P

(a) B2 BU Pk 22 (Surface Combustion, Inc. 2\ E#244) (b)FITEE - % A
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Figure 5 Roller Hearth Furnace - .
2nd Edition, Harry Candler (Ed.), ASM International, 1995.

(a) Typical Furnace Installation (Photograph Courtesy of SECO/WARWICK Corporation)
[b) Cross Sectional View [Photograph Courtesy of SECO/WARWICK Corporation)
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