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Synopsis :

Mass production test for the 250-t PM process was carried out on the commercial
production line and the following results were obtained: (1) Stirring intensity of the melt
is equal to or better than that of the RH degassing process. (2) The rate of deoxidation
and yield of alloying elements are excellent, equivalent to those of the RH process. (3)
The operation cost is one eighth that of the RH process (4) The investment cost also is

cheap and estimated to be one-fifth to one-tenth that of the RH process
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on the commercial production line and the following results were

TR, obtained:
PM i 1 GRS I & BB —{kie N 2 (1) Stirring intensity of the melt is equal to or better than that of the

RH degassing process.

{2} The rate of deoxidation and yield of alloying elements are
SE A Mo B IR L S gy Al - 3 -
Hy EORERA ARREMFEORNDHZ L, B excellent, equivalent to those of the RH process.

LU, RAFDFEMOLERT A RH 1 75 %1 (3) The operation cost is one eighth that of the RH process

IERTHET H 5, (4) The investment cost also is cheap and estimated to be one-fifth
ARHEEN L LMERCE-TYH, RHERY to one-tenth that of the RH process

BiEEHE Sy & & & @R C B T RH &S DH

OFERY A I L TR 2 MCEBHTH Y, 48
OWMFEHEE B O OER -TERMBERTH 2 2 2 F
Mleorbkiniz,

1 &

ot

FEAE, BSREPEHCH T AWM EROERNREE LI ONT,
SHSEOm L REbE Hi k U2 ST maE 2
NT &7, RH RS DH RIS h 2 SRy Xk, &
EHHA~OSE EOERI A L TIHIFINE T X EHERHES S
BEEZLILDY, FFMEE v B L ABEMES S
B, Thcbhb, BMEHNSGETAN, 72, REBBEHLE,

—F, FesERaE o0 A W BSERIBE (7 SRR SE) &
LT, fUIBo BB ERMAIL fov7 ) w7l ERLE 0
Twd, JOFEGOEENIES, BEFELHET, L
LTS IBERIER TR DI v E v BB D,

L L, IEROMERNER Tm < Bik& h, JHETOR
I E W RENWH L, T, BEMORAT T EE
MOBEDE LT, BP0 —KEEFErSHAT AR
57T L 2 EEMOBBILRERE LT, LEgREELE
BHEHITE, X7 VHELEORNNOIRYERTSH S,

WA EEC B Ao s oME SR ER Y, HE
HEE £ Y, RH AR DH ROHEBERAY 2k & AEOH#
EEET AN BIGRIEHEEOREL HIYE LT, Eifigd
=k AHORMEE (Pulsating Mixing Process, LLF PM ik
BT 5) 2EEL,

PM & B, KERME 2R RHES DHIEER

EOBREESH Y, Loy, LEERERGEAFELERAS R
K RT3 EML MBI SIEOMRECH . &iE
DG, 2NV FEFLER L FOBERRBITICIHE DY, ZH
BRI L 2 AEOBREL G EOBRIYE 51z, 250t B
ADR Yy —NT v T BREEBREFETTENLTTRIT-
A

2 PMEDER

LR EE T 7)) Ly 7R, RHESDHE
LT, +ahi@ts A X - TR B H, B
WMADIERORNOKEICHELERYH b, RETILERE
DIRE, B D\ id Navier Stokes DROBMETRIZ L i,
T} v ZETIR BRI RV E A B3 L BENSH]
OB APETL, MBI BCRET A
—F, RHES DH ETIIBGHESR iz K a3 R, vRE
IEET ORI R . R, EEOES I
b ¥, HERAZ romEErZIReT 7oAt ni L),

AT s EoES 2 EFRIC AR T Fig. 11275
TR IR EREL (PM ) £ ZE L2, PM EORBZ SN
F—i3 Fig. 23R T &9 1, BEAFAELORBENREIC &
> THEIbhd, $4bb, BENOSAENZEE L FED
LORIEBE TR EEE TER S & THEAMEN R
AcimHEY, BEETAGY GHEETIEREOESNFALY

*1BRRIS9 120 4 B IR

*2 FEMEER Fer A 1 OF 7 SRR A i (Da R L AR e

*3 PERTRIT LTS L AH R NE B 4 LR 4 Ll e
“OPEREET A 1 AP SRR S BT R (RS LY

5 JEMOFRATAN L MERA AL - FERY
6 KU TR B A SR B AL A AR I B
7L TR B AR e

— 5 —



2500 S OWUA T SUILERT 33 PM- Process )2k 4 & 88 Mt

— R IEMRRICA T 3,
3 PMIZO#EIE  REDEE

KAREER (100 t FROBERRR) TPM BEoBREL S

Alloy hopper

Vacuum | I | \ | l Argon

gas
FCv sV

SV

S5V ! Solenoid valve

FCV : Flow control
valve

W

Suction by
reducing pressure

Upper limit

51

R EL RO, B0t EREMRE LEE
wiREEZ LA, RBOWEE Fig. 3 & Tablel IoR¥, &%
fRIZ7k BB BRAR S 2 BUER 118 No. 4 3505 & RS i o 2 5
HHETIDRICBRE L. FORBOME L Photo 1 125,
AEBEIIAAL v 727 —F — 2B, SHE5EXL -0
LEPMABBRETLE, 24 v 777 — T —LdEEL
MBS 2 BSREMH AT S, CoL I LTHALTRIF
PLWEINAEHE N, YRS LANMEL kHAEEE L

Table 1 Basic dimensions of PM facility

Ladle capacity 250t

Refractory tube 600 mm inside dia.

rev. 180" {2 rpm)

Hydraulic swing a "
yaraulic swing arm system Lift 2 500 zm (1 000 mm/min)

Alloy hopper Al, C, 1000 kg each

Pressurizing gas N,
Pressure range 0.2-1.4 atm
Pulsating cycle 3-8s

Stirring energy 10 W/t - steel

Shut

g
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Fig. 2 Stirring principle of the PM process
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Fig.3 PM facilities for ladle refining of 250 t melt
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Photo. 1 Elevation of 250t PM process
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Fig.4 Perfect mixing time ¢ for 250 t PM process compared
with other processes (£ : input energy for stirring)
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Fig.5 Example of a time chart for pressure change
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Table 2 Chemical composition of steel for deoxidation experiments (%)
C Si Mn P s Al
Al killed 0.03~001 .01 ~0.05 0.15~0.68 <0.025 < 0.020¢ 0.01~0.05
i
Al-5i killed 0.16~0.20 0.10~0.30 0.50~0.80 <0.020 i < 0.010 0.03~0.02
N R EEHL Vol 17 No. 11985 — 5 —
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Fig. 6 Change in Cu concentration after addition
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Fig. 17 Drop in temperature during treatment
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0,086 0.056 0.035 0.027

* Al killed steel

5.2 EMSEXFTVTANKENEMOIH

PM iz & 5 KB frd oK iz 20T, ERW 234
TEM O R S TR L7 s =T L SR
We-femafET A7 7 —2Ky bOlBEME L. £
DERE Fig, 191058, BbicE, iRIEM— R T#E L
RH @H# X Ar 37 V) o 708 & i L7z, PM LB &
RH A MOHA 7 7 — 248 MHEIDIIETHELC, PM &L
BT A RRMEHIERNE L RE EOSE ENRAIETSH 5,

7, Z2FA L0 L o TS KT ERORE G E
TRAE D BR (DI 3% Mo RH WPEIEHE » I8z L T Fig. 2042
¥ PM BB O e OB ARR IS 150 pm LUF T, b



2O0UTEAN PMEIAIE AU B PM - Process 123 08 & 15 5L

Frequency {%)

|

Ar bub

[“ !_zr._z?.s

Pl
EI Ar bul.

[N m
2 a6 a8 4

(

4THC)

i

I’Al Z=38.3

[
D Ar hub o

1

tu 12 11 16 I

A[AL{x10 *%5)

8

Fig. 18 Decrease of Al content and temperature from the end of treatment to CC-tundish

S-spot count {(N/100 em?)

Fig, 19

Weight of inclusion (mg/10 kg*steel)

RITN

TN of

S
* RII i
\\
Ny il
\ Al

n | -

! A
v Ar [ A 3
‘\ bub, 2

Distance from slab surface (mm)

Distribution of S-spot along the thickness of slab as determined on sulfur print (Al-Si-killed for ERW pipe)

05

i

0.3

0z

11

Ofrymf ErRw

Ofru] .

L]

Lt~ = BT
1ait

Dia. of inclasion (um)

Fig. 20 Amount of large inclusion extracted bv the slime method

DB Bk ) Vol 1T No. 11985



58 250t it 2 Fl MR e B OB KT BE ( PM-Process ) 3R MHEE & KMt

b 0.2mg/10 kgesteel TH Y, RHUEH LIJZFAFTH 2,
LLE &9 PMIEIS BT 3 KREAEHRHMDRIE RH KL FA%
THHZ Wb D,

5.1 $RORH

PM B8 S o Sgi LRz onT, RREALXAF
OB ESIROETRRIEESR (R —»—EAR) BLFAL
-Si A FEOBREGR S 5 BE 2 ufz ERW 3 T OB HE
PEE (UST) TRERFFELL, JOFEEE Tables 277,
£HiTi, ko hicR—FETHE_INA, Ar T
R & RH M EHFL L7,

PM L3 & 722V R ) - s— R AT, Ar 3T Y &
TIIERHIT C BRI 20 U TT B, 2, 7922779 7RK
BAfESCAZE T A ERW 54 7O UST ARBEEICBNWT
b, RH 0ilst & FEEEECTH 0, PM REIERO FiFE L B
SEOmIICHENT I LA,

6 FEOmAY

PM OIS Rk 2 MR 600 mme T2 3500mm TH 5,
fit ki3, FEEREIO B L WS 2 EEEEOZ L MgO-
Cr,0,RY » 7k L, 2aanifiaicid, & ALO, Rl X
LiAAM TR LL 2, FHOIEREOH L WEFE ORISR
XTI0F+—VHULETHY, CoBolkhERRR
1 mm/ch ELF T4 0, %0 RH SEORRE E RENF TV Z
OMFNZHE DT KPWFEMIZ 0.07 kg/t Th 72,

The others
¥ (2%)

Nz gas
(5%) N\,

Electric
power
(8%5)

Cokes gas
(10%)

Refractories
(75%)

Fig. 21 Constitution of operational cost of PM treatment
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