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FOREWORD

The work was authorized as part of the Manufacturing Methods
and Technology Program of the U. S. Army Mate-.ei Command which is

administered by the U. S. Army Production Equipment Agency.
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INTRODUCT | ON

The impiementation of improved manufacturing technologies for fab-
rication ot military hardware is one of the missions of the Research
Directorate, GEN Thomas J. Rodman Laboratory, Rock island Arsenal, As
a part of this mission, a program was conducted to evaluate giow-dis-
charge lonitriding® as a case-hardening treatment for weapons compo-
nents. The program invalved the procurement of glow-discharge ioni-
triding apparatus, eva'uation and establishment of process procedures,
training of production personne!; and application of lonitriding for
production of weapons components,

'ONi TRIDING

Process Description

ionitrrding is accompiished by the glow discharge of nitrogen and
hydrogen ions upon selected component surtaces. 'Specitically, finished
machine parts, which have been previous-ly heat treated and thoroughly
cleaned, are placed on an electrically insulated pedestal located in a
vacuum chamber. The chamber is evacuated to less than SX10~5 Torr
pressure and :s backfilled with a 3:1 ratio of nitrogen-hydrogen gas
mixture to 0.5mm of mercury absolute-pressure. After backti'!ling, the
glow discharge is initiated by app!ication of a direct-current eiectri-
cal potential between the chamber and the pedestal part., The gas pres-
sure and the electrica! potential are then slow!y Increased untii an
absolute pressure of 7mm mercury and a temperature of approximate'y
975°F are obtained. These conditions are maintained for a selected
per:od of *ime by automatic temperature/power and gas pressure controi-
lers. The process duration depends on the effective case depth requ:red
tfor *he part. After the equipment has been shut otf automatica.ly and
the parts coo: to a temperature of less than 300°F, they are removed
from the chamber,

Egulgmenf . .

The equipment used for lonitriding is shown In Figure i. This
equipment consists of a power/tempnrature control console, lonitriding
vacuum chamber, and a vacuum/gas controi! consoie.

¥The Term lTonitriding is the Rogistered Trade Mark of Kidckner lonon GMBM,
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The power/temperature controi consoie contains transformer and
resistor tap switches for step control of the power input; a temperature/
power controi, which can be operatsl manuaiiy or automatically for
continuous controi of the stepped power; power input meters; and process
time controi.

The fonitriding chamber consists of a water-cooled vacuum chamber
30 inches in diameter and 5 tee* high., On the bottom of the chamber,
an insula*ted pedesta'! is located tor placement of parts to be lonitrided.

The vacuum/gas coniro.: conscoie conts:ns vacuum pumps and controis,
gas-flow regu'ator, and an automatic pressure reguiator which controls
the absoiute pressure of *he lon:triding chamber,

The electricair power system, temperature controi system, vacuum/

gas contro! systems, and lonitriding vacuum chamber iayout are iilus-
trated in the schemat*.c shown in Figure 2.

PRODUCT :ON SEQUENCE

in the fcilowing sect:ons, the process procedure established for the
lonitriding or case hardening of material s described.

Cleaning

The parts must be cleaned of surtace contaminants which can hinde~
or comptetely stop *he ditfusion of n.i-ogen. These contaminants in-
clude organic materia.s, e.g., O'1s and yreases; metal:o-organic com—
pounds, e.g., | thium and sodium base machining iubricants; and inor-
gan:c maverials, e.g., oxides, copper, !ead, etc, Vapor degreasing wiit
on:y remove the organic compounds. The remaining contaminants must
be removed by either bufting, gimss shot biasting, or chemical stripping.
After cieaning, care must be taken so the parts are not recontaminated.

'‘on. triding Stopott Techniques

Mechanica: masking is the preferred method for the lonitriding of

. solected areas of weapon components. The mechanicat mask is norma.iy

fabricated trom a low-carbon steel and ususiiy fits the part with a
clearanco of 0.010 to 0.025 inch. A smaller clearance wou!d cause the
part to seoize the mask.

Copper- or n.ckei~ptating mothods are unacceptabile for seilective
lonitriding, Copper sputters ott the part and redeposits elsewhere
on the part, thus preventing nitriding of required sreas. Nicke! pilating



S T e
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FIGURE 2. Schematic of lonitriding Equipment
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does not sputter off, but diffuses into the surface of the part and
cannot be removad., Nicke! plating over coppef is unacceptable because
defects in the nicke! allow the copper to sputter off the part and
redeposit alsewhere.

Loadkng

The parts to be lonitrided are loaded on an electrically conductive
fixture simitar to the one shown in Figure 3. The parts must be spaced
no cioser than 0.30-inch or overheating will result caused by overlapping
glow in the spaces between parts. The l|oaded fixture is then placed on
the insuiated pedestal, and the vacuum-chamber top put in place.

Glow Initiation and Heating

Atter the parts have been loaded and the lonitriding chamber closed,
the system s evacuated to 5X10”5 Torr absolute-pressure. The chamber
is then backf ''ed with a 3:1 ratio of hydrogen-nitrogen gas mixture to
0.5mm of mercury absolute-pressure. The glow discharge is initiated by
application of a direct current electrical potential between the cathodic
pedesta! and the anodic vacuum chamber walis.

During the initial heating and cleaning phase, flashing will be
observed on the surface of the parts caused by metal flakes and adsorbed
gases being removed. The power should not be increased until this flasn-

.5 has subsided , or the surface of the part will be etched., Atter
riashing has subsided, the power is slowly increased so the part does
nrot heat faster *han i000°F per hour. Y%hen the temperature has reached
500°F, the gas pressure is increased to 4mm mercury, absolute. At this
point, the gas pressure and power are increased simultaneously unti!
7mm mercury absolute-pressure and the selected lonitriding temperature
are obtained. These conditions are then maintained for a selected time

by automatic controilers,

Process Time and Temperature

Process times to obtain effactive case depths were established
experimentally for Nitralloy 135M and for AIS| 4140 steals. These steels
are commonly used for the manufacture of nitrided weapons components.

A temperature ot i050°F, upper limit for lonltiiding, was selected for

the Nitralloy i35M to keep treatment times short. Since AISI 4140 con-
tains no atuminum ad the Nitralloy 135M does, a lower case hardness

results due to an absence of aiuminum nitride precipitation. Consequentiy,
an lonitriding temperature ot 975°F was selected to provide a higher
surface hardness for the A!Sl 4140 steel.



Cathode Fixture Utilized in the Production lonitriding of the

Fush Rod for MAU-69 A/A Waapon

FIGURE 3,




PRODUCT {ON IONI1TRIDING

The procedure described in the previous sections was utilized for
the production lonitriding of four components. These components are:
Push Rod, Part 6589833 for the MAU-69NA; Rol ler Shaft, Part 10892032 for
the Mi58; and two Spur Gears, Parts 13207E3044 and |13207€3050 for a
Marine Drive Assembly.

Push Rod
The push rod, shown in Figure 4, was finish machined from AISI 4140

stee! and heat treated to Rockwell C 38. This part was lonitrided at
975°F for 8 hours. The results were:

Requirements Results
Core Hardness, RC 35 minimum | Rc 37
Effective Case Depth, 0.004- to 0.006-inch 0.005~inch
white Layer Thickness, 0.0005~inch maximum 0.0002-inch

The conventionai gas nitriding time to obtain the above requirements
is a minimum of 14 hours,

Rol ier Shaft

The roller shatt, shown in Figure 5, was finish machined from Wi-
trailoy |135M heat treated to Rockwell C 37. The part was lonitrided at
1050°F for 10 hours to obtain the desired effective case depth. The
results were:

Requirements Results
Core Hardness, No limits specified Rc 32
Eftective Case Depth, 0.005- to 0.009-inch 0.009-inch
White Layer Thickness, No limits specified 0.0003-inch

Conventional ges nitriding wouid have required about 22 hours to
obtain an equivalent case deptt .

yr Geers

The spur gears, shown in Figure 6, were finish sachined from Nitrattoy
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FIGURE 4. Push Rod, Part 6589833 for MAU-69 A/A (2X)

FIGURE 5. Roller Shaft, Part 10892032 for the MI38 Weapon
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135M and heat treated to Rockwel: C 36. The gears were lonitrided at
1050°F for 28 hours to obtain the minimum effective case depth require-
ments at the roo*s ot the gear teeth. The gears were selectively ni-
trided by use ot a mechanical mask, as shown in Figures 6 and 7. The
results were:

Requirements Results
Core Hardness, RC 32-38 Rc 36
Case Surface Hardness, RISN, 89,5 minimum RISN 92
Ertectsve Case Depth, 0.012- to 0.019-inch Root 0.01l4-inch
Point 0.019-inch
White Layer Thickness, 0.0005-inch minimum 0.0006~-inch
D1SCUSSON

Advan*ages

toni*r.ding has two distinct advantages over conventional gas ni-
triding. Fi-rst, process times are shorter for lonitriding than for either
conventional s.ng'e-stage or double-stage (Floe) gas nitriding. This is
shown i1n Figures 8 and 9 in which the effective case depth versus nitri-
ding times, estabiished for Nitra.ioy 135M and AIS!| 4i40 steeis, is com-
pared. The reduzed processing times tor lonitriding not only lowered the
product.or cos* of *the nitrided parts but provided improved mechanical
property vaiues whan compared to conventional gas nitriding. A compari-
son of mechan.ca! property values is shown in Table |,

The second advantage is that lonitriding produces a thinner white
layer than conventions. gas nitriding. As shown in Figure 10 and i1,
tonitrid.ng usua''y keeps the white 'ayer beiow the thickness ot 0,0005-
inch, Above th:s limit, the white !ayer Iis usually consldered detri-
menta! to the par* and must be removed by mechanical or chemical methods
wh:ch increase processing costs. Conventional gas nitriding usuatlly
exceeds *his |.m:t ot 0,0005~-inch,

Lrmitations

Part geometry attects the lonitriding of weapon components. Small
d-ametor ho.es and narrow siots (about O.!~-inch or less) cannot be
loni+rided because the glow discharge will not penetrate into these narrow
confrgurat ons, Larger diameter long tubes and holes cannot be lonltrided
un’ fo'm!y unless & center anode |s used to provide an even electrical



FIGURE 2.

Assembled Yechanical Mask and Marine Orlive Spur Cears Shown
In Figure 6.
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potential for the glow discharge. These effects mean that gun barrels
less than 7.62mm bore size cannot be lonitrided and larger diameter gun
parrels can only be lonitrided with the use of a center anode.

For gears with small diametral pitch, the roots of the teeth will
have less nitriding than the points. As the pitch increases, the nitri-
ding of the teeth roots will approach that of the teeth points,

CONCLUS | ONS

1. lonitriding is applicable to the case hardening of weapon
components.

2, Cost savings result from reduced treatment times and by the
elimination of white 'ayer removal requirements.

3. lonitriding can be utilized as an alternate to conventional
nitriding without changes in mechanical property specifications,

SUMMARY

Atter training of production personnel, the lonltriding procedures
described herein have been implemented by the Arsenal Operations Direc-
torate of Rock Isiand Arsenal,



