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STUDY OF HEAT-RESISTING STEEL (XIII)
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Synopsxs '

“The precipitated particles were. determined by means of X-ray d1ffractxon “electronic micro- ,
scope, chemical analysis, and selective etching for both of regular 16-25-6 alloy and 16-25-6
alloy containing. Ti. Samples for X-ray diffraction test: and for an electromc microscope were

extracted from aged specimens by electrolytlc decomposition in 3% HCI solution. For X-ray
dxffractxon test, there were two methods One applied the usual X-ray diffraction tester using
photograph ﬁlm, and another used a tester which measured the diffraction and intensity
automatically with Geiger counters. The author’s data were compared with the known
carabides crystallographm data (from ASM Diffaction Data Cards.) :

It was concluded that pI‘eClpltated particles in Timken 16-25-6 alloy contained two kinds
of carbides, M¢C, (Fe, Cr)2sCe, at least. These particles were also analysized chemically, and
evidence of the presence of nitride was found simultaneously. Presence of ¢ phase was not
found.. On the other hand, the carbide M¢C was observed through microscope by using selective
_etching reagent. Thus, with the regular 16-25-6 alloy, it was concluded that prec1p1tated partlcles
perhaps were M¢C, (Fe,Cr)ss Ce, and Cr MoN;. In the case of 16-25-6 alloy contaning Ti,
the intermetallic compound M.Ti (perhaps Ni,Ti) were observed apparently, besides carbides

M¢C and My;Ca.
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Fig. 1. Spectrometer recording of precipita-
ted particles from 16-25-6 alloy (after 800
°Cx40 minutes aging), using chromium
racdiation. Miller indices of carbides and
nitride are writtéa in above the reflection
on the chart. The angles given in the chart
are two theta.
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Fig. 2. Spectrometer recording of precipitated -
particles from 16-25-6 alloy (after 8C0°CXx75
hours aging), using chromium radiation.
Miller indices of carbides and nitride are
written in above the reflection on the chart.
The angles in the chart are two theta.
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Fig. 3. Spectrometer recording of precipitated
particles from 16-25-6 alloy (after 800°CX
75hours aging),using nickel-filtered copper
radiation. Miller indices of carbides and
nitrides are written in above the reflection
on the chart. . The angles given in the
chart are two theta.
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Fig. 4-1. Spectronreter recording ofgprecipi-
tated particles from sample 4D5 after ag-
ing using chromium radiatton. Miller indi-
ces:-of carbides and intermetallic com-
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Fig. 4-2. Spectrometer recording of Precipi-
tated particles from sample §D5 after aging
using chromium radiation. Miller indices of
carbides and intermetallic compounds are -
written in above the reflection on the chart.
“The angles in the chart are ‘two theta.
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Fig. 5. Spectrometer recording of precipitated
., particles from sample §D5 after aging,
" using nickel- filtered copper radiation. -
Miller indicés of carbides and intermetallic
compounds are writténinabove the reflection
on the chart. The angles given in the chart
are two theta.
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Table 2 Chemicél components of extracted vprecipitation particles.

Heat-treatment (sample #B12) C % ({ N % Fe % Cr % Mo %

: 800°C x 75h 1923 | 2014 12°07 | 1499 | 36°00

Weight % 700°C X 150h 1+18 2:35 1049 | ' 18'20 | 3253
| : . ‘ ,

Atom o, | .800°C X 70h - 10 - 52 | 228 28'5 | .37°1

Atom % | 700°C X 150h - 10 17-1 19+3 3576 34°5
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Photo 2. " Microstructure of 16-25-6 alloy
"after aging at 700°C for 15 hours, (1)
etched by the alkaline permanganate
reagent (2)etched by Murakami reagent.
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Electron-micrographs of prééipitated
.particles isolated.from 16-25-6 alloy after aging
" at (1) 800°C for 70 hours, and (2) 700°C for 150
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Photo. 3. Microstructure of .16-25-6 alloy
after aging at 800°C for 75 hours, (1)
etched by the alkaline permanganate
reagent, (2) etched by Murakami reagent.
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Table 3. Analysm of X-ray dlffractxon data. A
Sample ;ti‘i;lentgzzadlatlon } MaC hvlggescmcG CrMoN;, (Cr,er%,Ca CrsCs !MOZC iFI‘fh‘;f Mo, 1*;6 C"MZII,
. mn; Cr | og O ol O | X X .X | X X | %
800°C x40; Cu O | O O | O ? X X} . X | x 1 %
'#B4 h| .Cr Fo |.0 O |- 7 ? | X [ .X . X, ol x-1 %
T.1800°C x50" - Cuka | © | O | O |- O ? . X |, X X . | X, X
1700°C X h| Cr PO 1L o] o] ©O 7 P % X ] X1 X
150 Cuka ; © | © | O]l O | ? X - X% X X X
~hj.Cr  T© [ O O | O | ? X | =X i RS
800°C x75) Cuka ' © ' O O | O | X - ] X | X X X box
#B127mPCx1r Cr 0O O 1T O o | X | x x | x XX
150 Cuke 1 ©." O |-O | O | ? I X X xX - ] X | x
| h * R ' ,
¥Ds - [800°C x50 olofo]| * x| x| x| x ! e
38¢ [oxa [0 0] 0  Ixgxdox [x. 0

All heat-treatments involve the aging after solution-treatmert.

© Present (especially evident)
O Present
? Presumably present or absent..

X Absent or not detected because of the minimum quantity.
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RAPID PHOTOMETRIC DETERMINATION OF PHOSPHORUS IN STEEL

S&nopsis :

- Shi géo W akamatsu

The procedures described were developed to provide a method for determination of the
phosphorus in steel that is free from some of disadvantages in the conventional photometric
method. ’ ) , . .

Dissolve a 0°1 gram sample in a 200 m! Erlenmyer flask with 3ml of nitric acid (1 to 1)
and 5m! of perchloric acid (60%). Evaporate to fumes and then ‘fume for approximately 2 .
minutes, cool, add 60mi of water, and 0°5 gram of sodium sulfite, heat to boiling, -and cool
to 10 to 20°C. Precipitate the iron by the dropwise addition of ammonium hydroxide (1 to 1),

and add 8m! of sulfuric acid (1 to 5).
ammonium molybdate solution (5%).

lution (5%) and 0-05m! of stannous chloride solution (10%).

Transfer to a 100m! volumetric flask, add 5ml of
After 1 to 2 minutes, add 10m/ of sodium fiuoride so-

Dilute to the mark and mix.

Measur the transmittancy against water at 660m g .
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