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STUDIES ON THE GAS CARBURIZATION

-On. the Erosion Resistance of Many Kinds ¢f Steel and Electrie
Heating Elements for Controlled Atmospheres.

Masuo Kowakami,Dr. Sci., Noboru Komuro, and Susumu Y uuki

Synopsis: . ) ; .

Such parts as gas converting retort, heating retort, 'muﬁ'ie, basket, fixture, net,
conveyer, fan, fan shaft, etc. made of heat resisting steel and also metallic heat elements
or radiant tube usually are used to controlled atmospheres furnace for gas carburizing,
bright heating or gas carbonitrizing. v !

These parts are eroded at high temperature ‘due to oxidizing, carburizing, nitriding or
‘carboniriding. .

In this paper are reported such erosions observed as for many materials treated in
controlled atmospheres. As the results these materials are classified. to four types of ero-
smn, A, B, a and b.
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" Table 1. Samples.
Composition (%)
Mark Material J1S Phase , — -
c Si | Mn | Cr Ni Other
M Mild  steel SIOC 0'12 | 026 | 051 -
CM Calorized 7 Y 7 4 .
F—13 | Stainless # SEC 1 Ferrite | 012> | 0°75> | 0°60> | 12—14 | 060>
F—18 % 7 SEC 4 . v 0°12> | 0°75> | 0°60> | 16—18 | 0°60>
F—os | Heat resisting . (a1gy) v 035> | 100> | 1°C0> | 23—27 Nz 0725>
AN—18 | Stainless 7 SEC 8 Austenite| 0°06> | 100> | 2°00> | 18—20 | 9—11
AN-—2s | Heat resisting . gppg | 0°25> [1°5—2:5| 2°00> | 24—26"| 19—22 )
AM—12| 7 # | SEHS.(JES) | # |0%25> [o'8—12| 15—17 | 10—12 e |VOs—1r0
: Electric hea- : . s . . Al3
FC ting element Fe-Cr-Al No.2| Ferrite | 07053 | 20‘
NC 7 Ni-Cr-No.1 |Austenite| 0°05> 20 80
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Wt Increase

Heating  Time

Types of rate for weight increase
by diffusion.

Fig. 1.
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Fig. 2. Relation between time and weight

change of steels oxidated at 900° and
1000°C in 294 H;O wet air.
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Weight increase, erosion depth, expansion length and type of oxidizing rate

of steels oxidated for 40h at 900°C and 1000°C in 295 H,O wet air,

Wt. increase Erosion depth “ | Expansion length Types of
Mark (mg/cm?) (mm) (mm) oxidizing rate
900°C 1000°C | 902°C 1000°C | s00°C 1000°C | 900°C 1000°C
M o1, — 09 1+3 1°23 — B | B
CM "0~ 29-8 — — 0-04 1°43 b a
F—13 21:2 | 875 0*05 075 026 081 B | B
F—18 0*3 = 12+1 0°01> 0°08 0°06 0:27. b : B
F—25 05 | 14 0°01> | 001> | 0°01 - 0-02: b | b
AN—18 - 1'7 97 1002 | 005 0°02 —0°02 b | A
-AN—25 09 ! 2-0 001> | 0°02 0*01> 001 b | b
AM—i2 — — — — _— — A ’ a
FC 01 0t | 001> 005 0:01> 0°01> b | b
NC 1°0 1°0 0°08 0°10 0°01> 0°01 b | b

|
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Fig. 3. Relation between time and weight

change of steels carburized at 900°C and
1000°C in gas mixture CO 249;,CO. 0°05%,
H, 429, Hzo O',l%,a CH4 ‘8%.
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Weight increase, erosion depth, expansion length and type of carburxzmg

rate of steels carburized for 40h at 900°C and 1000°C in gas mixture CO 24%

CO; 0°05%, H; 42%, H.0 0°1¢,, CH; 8%.

_ Wt. increase. Erosion depth | Expansion length Types of
" Mark (mg/cm?) (mm) (mm) carburizing rate
900°C - 1000°C 900°C 1000°C 900°C IOOO‘?C I 900°C 1000°C
M 93 18°0 —_— — 0+02 011 B B
CM 0°3 017 — — —0°01 0-07 b —
F—13 52 17°0 10 1*7 ’ 005 O°11 B B
F—18" 1°3 5+4 001> 0°18 0°04 . 008 B. B
F—25 01 08 0°01> 0°02 0°01> 0°01 b b
‘AN—,18 04 31 002 — 001> 0+03 b B
AN-25 0°2 10 001> 0°02 —Q0°01 001> b b
AM—12 02 —0°5 001> 001> 001> 0°02 b . —
FC 09 4°9 0*01> Q‘Oér —0°+01 0°01 B _ A
NC 2°0* 301+ 0+45 1°08 0°04 0°08 — —

+ Maximum.
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. Calorized steel
Carburized at 1000°C

25 Cr (F—25)
Nitrized at 900°C

A. 13 Cr (F—13) x50
Carburized at 1000°C

E. Fe-Cr-Al No 2 (FC) - F
Nitrized at 900°C

C. Ni-Cr.. No 1 (NC)
Carburized at 900°C

13 Cr (F—13)
Carbonitrized at 900°C

Photo. 1. Microstructure of erosion layer heated in various atmospheres for 40h.
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Weight increase, erosion depth, expansion length, and type of mtnzmg rate

Table 4.
“"of steels n1tr1zed for 40Ch at 800°C and 900°C in dry NH; gas.
| Wt-increase Erosion depth Expansion length Types of
Mark - (mg/cm?) ~ (mm) (mm) nitrizing rate
.. 800°C 9c0°C - 800°C 300°C 800°C 900°C 800°C 900°C
M b 3ea e — — 0°09 0°06 B B
CM 20 2°6 — — 0-05 0-01 a b
F—13 ! 76 S+1 — <~ 0°46 008 0-06 B .- B
F—18 B 91 111 —_ 0°35 - 012 0*14 B~ B
F—25 i 16°5 11+5 - 025 014 011 B B
AN—18 i 6°1 8°1 0-16 024 0-07 007 B B
AN-—25 I a8 6°4 008 0°15 005 0-08 B B
AM-—12 ! 06 16°3 001> 064 0°01 0*10 " b B
FC | 54 2°9 0°33 ©0°33 0°-07 0°01 A A
NC ! 03 05 004 0*05 0+02 0-01 b b

Wi, Change ("%em?)
n

~N
<

| >+

020

Time (h)
Relation between time and weight
change of steels nitrized at 800°C and .
900°C in dry NHa gas.

Fig. 4.
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Table 5. Weight increase, erosion depth, expansion length and type of carbonitrizing
rate of steels carbonitrized for 40h at 800°C and 900°C in carburizing gas added NH; 10%.
Wt.increase I Erosion depth Expansion length Types of
Mark - (mg/cm?) | (mm) - - (mm) carbonitrizing rate
800°C | 900°C ; 800°C | 900°C | 800°C | 900°C | &00°C iﬁ 900°C
M 367 l 16°6 |- 1°55 — 0°80 0°21 a B
CM 1°0 i 4+7 — f— 0-02 006 b —
F—i3 1*1 |} 22°3 | 0w0I> 1°4 0-07 0°16 B B
F—18 0*1 121 0-01> 072 001> 0+13 b ‘B
F—25 0-2 0°3 001> 001> 001> 0+02 b - b
AN—18 0+7 56 0+02 — 003 0°04 b -B
AN—25 0-1 0°2 0-01> 001t 001> |—001 b b
AM—12 0°2 0°3 0°01> 001> 001 0°01> b b
FC 01 1°2 0°04 0°04 001> 0-01 b B
NC .30 2:0+ 0°13 0-13 0°04 0-03 A —
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1—D I OMEMBIETHA. 18 Cr @iz cne @ S :
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ON THE DETERIORATION OF QUENCHING OILS (III)

(Some Experiments on the Deterioration Inhibitor)
- Masayoshi Tagaya Dr. Eng., Imao Tamura and Koichi Sug'i'mozfo

Synopsis:

The effect of several kinds of inhibitors agamst the detenoratxon of quenching oils was exa-
‘mined experimentally. It is concluded, from the results, that most of oxidation inhibitors
examined here seem to elongate the initial stage (induction period) of deterioration and to
accelerate the oxidation of oil in the later stage (polymerizing period) by a catalytic action
of the oxidation products of inhibitors. Although for quenching oil the inhibitor should be
effective not only in the initial stage but also in the later stage of oxidation process, there
was a difficulty in finding such inhibitor. But, some good effects were observed in certain
cases, that is, n-phenyl-e-naphthyl-amine in soya-bean oil, di-phenyl-amine and di-tert.-

buthyl-para-cresol in 110-dynamo oil and di-test.-buthyl-para-cresolin 120-cylinder oil, when

the concentration was about 0°5%.
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