US008038328B2
a2y United States Patent (10) Patent No.: US 8.088.328 B2
Jones 45) Date of Patent: Jan. 3, 2012
(54) VACUUM NITRIDING FURNACE FOREIGN PATENT DOCUMENTS
EP 7547768 10/2001
(76) Inventor: William R. Jones, Souderton, PA (US) GR 1277846 4/1970
WO W0O2006/105899 10/2006

*3) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35 OTHER PUBLICATIONS

U.8.C. 154(b) by 769 days. George E. Totten et al.; Handbook of Metallurgical Process Design;

Marcel Dekker Inc.; New York, NY, May 2004; p. 579.

AL 4C FIMATFILA L F I & .
Ty
e

Appl. No.: 12/157.76

im I

T

——3

(65) Prior Publication Data * cited by examiner

US 2009/0309277 Al Dec. 17, 2009
Primary Examiner — Scott Kastler

Assistant Examiner — Michael Aboagye
(74) Attorney, Agent, or Firm — Aaron Nerenberg

(51) Int.CL

C21D 1/06 (2006.01)
C21D 1/74 (2006.01)






U.S. Patent Jan. 3, 2012 Sheet 2 of 6 US 8,088,328 B2

T W W e W ™ T W T e e W e W T I T T T T T T T T T T e W T T T W T e W T T T T W T T T T W W W T

111 210

Pl P Iii-l

m /=

&

|







U.S. Patent Jan. 3, 2012 Sheet 4 of 6 US 8,088,328 B2

122

17 11/

122 12c

Q [>

123

l12e
</

122

1

127

- 1G4







U.S. Patent Jan. 3, 2012 Sheet 6 of 6 US 8,088,328 B2

108

| 302

300

301

- 1G 6









US 8,088,328 B2

S

back down into hot zone 106 and forces the flow radially
around to heating elements 108 and 109. Fan wheels 117 are
strategically located in the top front center and top rear center
of the 48 inch deep dimension of the furnace chamber. These
specially engineered wheels facilitate the convection heating
within the furnace and continuous recirculation during nitride
case hardening, and they assist in gas cooling of the workload
in hot zone 106. The convection heating 1s performed at

6

opening 127 and a cooling gas exit tube 132 to an external
blower can 130, which will be described in greater detail in
connection with FIG. 5.

The external gas cooling system shown in FIG. 5 includes
blower can 130 containing a commercially available 30 hp
motor and fan (not shown) for providing high velocity gas
flow. The system further includes an all stainless steel, water

cooled heat exchanger (not shown) and a blower assembly
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vacuum pump (not shown) to a set pressure—preferably 10~2 extremely large difference in the amount of ammonia used

torr—to remove substantially all air from the furnace. The results in significant benefits and cost savings. Environmen-

furnace 1s then backiilled with nitrogen to approximately +1 tally, there 1s less discharge ol ammonia gas mto the atmo-

psig (800 torr) via a backfill valve (not shown). Partial pres- 5 sphere for each nitriding process cycle. Financially, there 1s

sure nitrogen 1s then introduced through gas inlet 220. Gas less maintenance required of furnace parts used 1n prior art
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8. A vacuum heat treating furnace in accordance with claim
1 wherein said fan assembly means includes a radial fan
wheel 1n said chamber 1nner portion.

9. A vacuum heat treating furnace in accordance with claim
8 wherein said radial fan wheel 1s graphite.

10. A vacuum heat treating furnace in accordance with
claim 1 wherein said graphite insulation means surrounding
said 1inner portion 1s formed from a plurality of layers of high

purity graphite felt insulation.

11. A vacuum heat treating furnace in accordance with g exiernal fan assemblv jueauns and said externalheatexchagoer

10

direct current heating elements and the voltage thereto is
rectified by a three phase bridge rectifier and a three phase
power transformer to provide a balanced three phase load
across the iput power line.

13. A vacuum heat treating furnace in accordance with
claim 1 wherein said furnace further includes external fan
assembly means and external heat exchanger means, and
wherein said port means are opened aiter the nitride case
hardening heat treating cycle has been completed and said
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