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ON DETERMINATION OF NON-METALLIC INCLUSION IN
CHROMIUM STEEL BY HOT~H»SO4 METHOD

Shzzuya, ﬂ[aelcawa Dr, Scz., szoshzge Ebihara

Synopsis:

It has been recognized by Gakushin that non-metallic inclusions in high carbon steel or
chromium steel was determined by the hot-H,SO, method. But should quenching be not carried
-out on these steel, there produced the carbide that will not be decomposed by making use
of KMnO,.oxidizing ageni, and no. 'reproducible result would be obtained.

The authors have made an investigation on the applicable limit of quenching and samples
making on the alloying elements in this kind of steel.

The results obtained were as follows.

(1) It will generally be desirable to make water quenching for the cutting specimens,
_though we trially designed the vacuum quenching apparatus for the drilling specimen.
(2) It is not necessary to quench-when carbon and chromlum contents in Cr-steels are

" less than 0°7% and 1% respectively.

Quenching is generally required on 139, Cr-steel and 18-8 stainless steel, however, in case
Ti is contained in them, TiC will be produced which is not decomposed by KMnQ, treatment. -
On the other hand the authors have made an experiment on solubility of Cr;0; by Hot-H,SO,
method, and have found that Cr;O; content in chromium steel is determined by this method.
In connection with the above, as a result of quantitative analysis of Cr,O; contained in

. bearing steel or case-hardened steel,
than silicate or aluminate inclusions.
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we reached the conclusion that its content is far less
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Table 1. Solubility of Cr:0; reagent by Hot—Hgso; method.

Sectional .‘ + HaSO,(1:7)160cc ! ' . j ﬂ
H.O only [H,SO,(1:7) . . HCI (1:1) 10cci10% NaOH 10cc|
procedurel “(i20cc) | (s20cq) * | Fipme G5 % | HiO toce | THiO gooee | A
. 9 :
Specimen KMnO,(Sat.) 10cc { procedure..
Cr04 H 3h 3h 80°C, 15mn ! 15mn 15mn E
After ignited 00925 g ‘
(1ocoeC) 0°09%0¢g 0°0990g Cr.0; fromfiltrate 0°0990g 0°0990 g 00940 g
Weigh 0O°lg : 0°0061 g !
All procedure (Cr.0;3 were collected from above procedure) 8:8?22g
. 700 g
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Fig. 1. Solubility of various oxide.
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Table 2. Composition of sand in low-carbon chromium steel and stainless steel.

Total _ Composition of sand (%)
Specimen No. i
sand 9% Si0; FeO Al,Op Cr:04 MnO
) 0°0820 0°0027 0°0100 0*0007, 0°0044
. 00790 0°0030 0°0104 0°0008y 0°0044
No. 1 070980 81% 3 1% 119, | 0°82% 459
Low C-Cr steel 0°0393 070131 070007, 0°0148 0°0001 _ 0'0105
No. 2 33°329 1729, 37°65% 0°419, 26°70%,
Stainless steel 0-0s00 | 070182 070032 ' 0.0047 0°0123 0°0013
No. 3 | 45°619 8°10% ' 11°82% 30"74% 3°389%
_ , ,
Stainless steel 0°0476 ‘ 0°0108 0°0057 0°0035 0°0241 ; 0°0035
 No. 4 22°67% 12°00% 7°33% 50°67% |  7°33%
— Element | '
‘ T — C%. Si% Mn% | Ni% Cr% Alo,
" Specimen No. : i .

No. 1 i 0°05 025 0740 — 1°18 —

No. 2 i 0°05 0°28 1°02 —_ 111 —

No. 3 i 005 0°47 040 7°55 16*04 002

No. 4 L 004 0°42 0°46 7°95 17°43 0°03
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1 Water fank
2 Gas holder

}Cock

Manometer
Down handle
Peep window
- 10 Socket (Brass)
11 Molybdénum wire
12 Silica tube
- . 13 Silandum
14 Furnace body
15 Pyrometer
16 Specimen case (iron wire net)
17 Specimen
18 Socket )Brass)
19 Mirror

Fig. 3.
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7
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9

Vacuum quenching apparatus.
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Table 3. Comparative results by preperation of samples and quenching procedure.
1 - ]
. o o Sand composition (9
Sp%}:émen Period of sampling : ;ztciiz/h P ) _ g Remarks
: ° Si0y | FeO | AlLO; | MnO | Cr;0; ; :
oa1e0 | Before lime addition | 0°0067 | 60°60 | 15700 | 20°00 | 3-34 | 0°-33 Drilling
Middle of oxiding period| 0*0303 67°70 7°02 18°30 ;. 562 | 0°35 samples
. Last of oxiding period 00194 | 5280 | "8°34 | 31°65 ! 6°11 0°56
O/'QB%\C Before tapping 0°0091 | 53°80 | 11°25 | 26°25 | 7°50 1°12 vacuum
1-439,Cr ; Ladle % 00090 | 4825 | 12°50 | 30°15 | 5°00 2+85 quenching
0°32%,Si .’/ 0"0080 ) SO'OO 1572 24+87 572 314 Géoyc
0442,Mn | 4 0°0084 | 56°30 | 18°30 | 15*50 | 7°05 169 mn
001795 7 @ 0°0080 | 55700 | 2150 | 12°50 | 626 | 2°75
0°020% S v @ . | 0°0100 5300 16°00 20°C0 580 3°40 .
0°159,Ni - Before lime addition 0°0063 | 64°10 1137 20°50 1 3°'30 040 | Cutting
0°152,Cu Ladle @ 0°00%2 | 50°00 1270 | 29°10 1 4°00 4°00 "sample
~_ 4 ® 0°0091 | 5600 10°00 | 24°00 | 560 @ 4°Q0 (}uw°c)
” 0°0093 | 55+15 | 15°20 | 1740 ; 848 | 3°26 | 2h
” @ 070086 | 56*50 | 17°70 | 1300 ' 952 ! 3°23 |  water
'@ 0°0097 | 53*00 | 1325 | 2]*70; 7*10 | 4°70 quenching
0°0092 j 5312 | 14°15 | 21*70{ 6°51 3°70 . oil quenching

— 4] —



124 % 2 oM maA2E B2 B

Table 4 Example of sand composition in bearing-steel and case-hardening steel.

Specimen . Cémpdsition of sand (%)
. . Total O -
: Sample. making __ -4 (%) — : e —
No. : Si02 ‘ FeO AlgOa CI’203 MnO
: . no. | 0°C023  0-0015  0°0062 , 0:000lg | 0°0CO1,
Bearing-steel Cutting sample  0°0103 ! 22'66%  14°66% = 60°00% = 1°60% | 1°60%
. _— E . 070030  0°0013 | 0°0050  0°000l, {. 0°0COlg
Drilling sample 1 070097 | 35.930 | 13°409% | 51°559% 1°24% | 1°65%
. I
® Drilling sample = 070169 ; 56°40 8°18 | 26735 |, 5°45 0°79
3 ! Drilling sample  0°0103 ' 4100 ¢ 13°10 ; 41700 = 1°38 3-28
@ Cutting sample  0°0101 31°68 9'90 | 55'45 . 0789 1-58
Case-hardening Cutting sample "t 00115 @ 2087 | 2°74 ' 7578 | - 0°35 | - -tr
¢ steel (B Drilling sample ! 00100 | 14°74 ; 3*15 81°05 040 - tr
Cutting sample | 00088 42°00 | 2°60  14'30 . ° 0740 . 40°20
@ Co Cutting sample | 0°0098 610 | 180 : 89°00 0'30 | 2760
Element| 5 . ! ] .
\E Cop i Si%% Mn%: P% Se, | Ni% Gr% ' Mo% | Cu%
No. ; . | ] T o
T K ]
) | 09 | 035 0°42 0°009 0°004 | 0-22 1°25 o 0°16
® 099 0°31 1°06 0°014 0010 , 038 1-05 —_ 0°18
3 0°94 0°29 0740 0°013 0°013 | 024 .| 1°29 — 022"
@ 0°96 0°16 0°42 0°016 0018 | — 1714 - —_ —
® 018 0°09 0°62 0°013 0°010 i 182 0°56 0°22 —_
® 0°22 0*21 0°56 0°010 0010 | 177 0°50- 0°25 0°19
@ 0°17 0°24 0°67 0°013 0°005 | 1767 0°56 0°32 0°19
Table 5. Materials used.
~~_Element(%)| - . .
\ C Si Mn P S - Cu . Cr
Material | :
Pure iron 0-02 tr | tr 0*003 | o0t001 | oor |°  —
Metallic Si 0°03 9956 I 0-02 0+016 tr . — —
Fe-Cr . 0°08 0°65 |  0°30 0°042 0-084 | _ 62°74
Metallic Mn 0°94 o1 96790 - 0°054 0°004 — —
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.’i‘abie' 6. Experiment of 13% Cr steel.
Alloying element |y .. (o0 Times by tha(til , Composition of sand (%) Remark
: san :
ment . -_—
Co .| Cro trontment) (%) | Si0: | CriOs | MnO | FeO | ALOs 3 -
0°04 1’2.92 Quenching 1 0°0205 | 0°0162 | 0*0003 | 0*0004 | 0*0005 | 0*0030 to
i Annealing 1 0°0200 | 0°0160 | 0"0002g| 00004 | 0"0005 | 0*0027 ;decom o-
0°06 12+88 Quenching 1 00370 | 00280 | 0*0025 | 0*0020 | 0*0018 | 0°0028 p
.7 | Annealing 7 0-0305 | 0°0227 | 0*C014 | 0°0017 | 0*0016 | 00025 | sed the
. .~ | Quenching 7 0°0350 | 0+0274 | 0°001{7 | 0°0012 | 0*0015 | 00030 4
0r13 1300 | Annealing 8 0-0285 | 0°0219 | 0°0013 | 0°0011 | 0:0015 | 0*0026 | SarPide
0°20 1‘-2'65 Quenching 1 - 0°0405 | 0°02%7 | 0°0032 | 0°0012 | 0=0020 | 0°0040
. Annealing 8 0°0331 |-0°0254 | 0*0012 ~0-0010 0°0016 | 0*0038
Table 7. Experiment of 18-18 stainless steel.
e ‘ -
Alloying element (i}ngigz) Heat treat-"Té?/Ie 8y : Totaé ‘ Compositibn of sand (%)
: : nQO, sand
; ' _ . ment .
C% | Cr% | Ni% !Mo% Ti%. ' treatment (%)  SiQ, | Cry0; | MnO FeO | ALO;
0°06 | 17°34| 820 - e Quenching |- 1 0°0460 | 0°0335 | 00026 | 0*0008 | 0*0010 | 0*0058
Annealing 5 0°038! | 0°0313 | 0.0020 | 0*0004 | 0.0010 | O*E046
019 | 1830 8*15 . - Quenching L, 0°0462 | 0°0318 | 0°0044 | 0°0014 | 0°0038 | 0°0049
] Anneal_;gg 7 00341 | 0°0264 | 00028 | 0O*0C02 | 0O°CO06 | 00042
0°20° | 18*50 800 - . Quenching ! 070402 | 0*0253 { 0*0057 .| 0°0019 | 0*0014 | 00052
) Annealing 5. 0°0302 | 0*0206 | 0°0028 | O*0003 | 0O*0010 | 0°0055
| ‘ .
emz | 1mems ason ens” - Quenching -2 0°0240 | ‘TiC was tested to remain with the sand
006 : 17°34 8°20 ‘ 024 Annealing 5 0°0226 . Nitride is trace _
0*17 18°20 7*90 —  0°21 Quenching. 2 0°0200 ! TiC was tested to remain with the sand
i . 1 ¥ . ; .
008 . 17°34. 8*10 066 —  Quenching ' 2 0°0454 i 0*0258 ' 0°0066 = 0+0023 } 0°0043 : 0°0064
0*12 | 17-68 8.00 0-62 b — J Quenching | S 0°0284 | 0°0162 | 00020 . 00006 ; 0°0013 i 0°0080
0°20 | 1786 8°10 i 0-60 i ! Quenching S 2 O.‘Q409 0°0227 | 0-0058 i 0°0011 | 0°0040 Q‘OO75
| | Q . . . - —
o2 g . . uenching 4 0°0662 | TiC is as above
0.08 | 18 30£ 8°10 | 062 ; 0-29 Annealing = 00138
. eEs e . . Quenching 2 0*0417 | TiC is as above
O-11 | 18*56 8°10 | 0*62 0°17 Annealing 7 00165 i
. . . . . Quenching 2 0°0315 | TiC is as above
0°15 }8 73 7°90 | 0°60 0-°18 iAnnealing 5 00218
1
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Table 8. Experiment of low-Cr steel.

Alloying element (%) : Time by ” Total !} Composition of sand (%)

‘ 1 , Heat . KMnO, sand — =
C | Cr | Si | Mn| treatmcnt (%) | Si0; Cr:0; MnO FeO | AlLO;
010 | 030 | 011 o015 Quenchingl 1 ' 0-0523 E 0°0465 = 0+0COlg 0°0012 ' 0°0007 0-CO38
| ; Annealing 1 0+0506 | 00450 , 0*0001; 0°CO1l | 0°0007 00035
) . vt ~uoo | Quenching 1 00424 | 0°0363 | 0°0002, 0+0018 : 0°0C07 0°0035
0722 | 0°56 | 0716 . 0°22 | Ajnealing| 2 00406 | 0°0344 0°0001s 0°COL8 . 0007 0°0037
. o " | Quenchimg 1 ' 00442 | 0°0353 0°0003, 0°0027 | 0*0013 0*CO45
0724 | 1°05 | 0727 0728 AnnealingA 2 0°0415 00337 | 0°0003; 070026 | 0°00L1 0-0040
i ) e | Quenching 1 0°0211 0°0176 . G*C003;| 0°000S . 0*0006 | 0*0020
0737 1 0765 | 0°07  0°13 | Apnealing 3 0°0205 0°0176 0°000ls| 0°0005 - 0*0005 | 0°0018
N ... | Quenching . 1 0-0159 00138 0-000lg| 00004 0*0005 | 0*CO1l
0750 | 0767 | 0.39 - 0"14 | Anpealing’ 3 0'0158 0°0137 0°000ls| 0*0003 - 0*0004 | 0*0012
. o | .~o'| Quenching 1 0-0321 0-0271 0+0003;| 0°0013 0°0C07 | 0*0027
0°58 | 0770 | 0%16 039 | Annealing: 3 00314 070263 . 0.0002;| 0°0014  0°0016 | 0*C029
. vy mens | neie | Quenching] 1 0+0238 | 0°0200 | 00006, 0*0007 | 0*0006 | 0-0020
0'36 | 1°06 0722 | 0°15 " Aqjpealing] 3 0°0241 | 0*0205 | 0*0003,. 0*0007 | 0*0006 | 00021
046 | 103 o015 |ovis  Quenching I 0:0241 | 0°0200 | 0°0005, 0*0006 | 0°0007 ~ 00021
. Annealing| 3 070232 | 00193 | 0°0003; 0+0005 | 0*0007 : 00020
0°56 1-07 0-17 | o019 I guencim-mg 1 0:8351 0:0282 { 8:8%833 88833 8885{13 8‘:0030
F ~ 1 | Annealing 3 00337 | 00273 l s 0030
.. ; . e | Quenching] 1 0+0277 | 0°0232 | 0°0002,| 070015 | 00008 0-0019
0773 1702 ) 0°23 1 0°25 | Anpealing 3 0°0265 | 0*0221 | 0*00015| 0*0013 | 0-0008 : 00021
080 | 108 | 021 |02 guenchlng 1 0°0345 | 0°0284 | 0°0005, 070018 | 0-0015 070020
, nnealing 3 0-0294 | 070243 | 0°00040| 00015 | 0°0013 0°0018
085 | 1°11 | o-28 | o-o5| Quenching| 1 0-0395 | 070309 | 0°0005| 0°0037 | 0*0018 0°0026
_ , | Annealing 5 00353 | 00276 | 0°0003s! 070032 | 0*0016 0-0024

High C-Cr steel (0°959, C,1°279 Cr,0°349;, Si,0°349, Mn)
Cr-Mn steel (0969 C, 1*149, Cr,0%49% Si,1°019 Mn)
Cr—MO steel (0°789% C,0°83% Cr,0°37% Mo, 0°259, Ni)

The carbide of annealing samples were not decomposed by KMnQ, treatment
several times. .

Cr-Mo steel (0*419, C,0°95%, Cr,0°*219, Mo, 0429 Mn, 0°03% Ni)
The carbide of annealing samples was decomposed easily by KMnO, treatment.

Remarks:




