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PREPARATION OF BORON STEEL UNDER BORATE-CONTAINING SLAG

Masayoshi Hasegawa, Dr. Eng. and Y oshiyuki Nakamura

Synopsis:

It has been early known that boron was reduced and alloyed with steel,

when steel was

melted under a covering borate-containing slag, and the steel was hardened. One of the

authors has reported this facts.

(cf. M. Hasegawa,

‘““ Effect of Special Elements on Iron &

Steel,”” 1950, Tokyo; M. Haségawa, Tetsu-to-Hagane, Vol. 38, 1952, No. 7) Lately Speight also
reported on the addition of boron to steel by the reduction of boron oxide, in detail.

Prior to this, as the authors have studied this problem, in this issue they report the pre-
liminary experiments in laboratory and chiefly the results of industrial tests using 2-ton

‘Héroult furnace.

The results of industrial application are as follows;

(1) The experiments were performed in 2-ton basic electric furnace and 15 specimens of
low-chromium and low-manganese cast steel were made.

2) p~3kg'of boric acid anhydrous (B;0;) was added in the final slag. before tapping, and

TOREHD 29 %8 4 BARSEMNASI THE > REHASEEN, TFE ** BAGMkRSEHMTE

C— 11 —
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it was reduced with less than 0°2% of aluminium and 0°15% of titanium. Then,’ after the

killing for 5~15 min.,

the molten steel was tapped into ladle.
(3) In every case, the suitable amounts of boron could be alloyed in steel.

. The yield

of boron changed with the melting conditions, of course, but in the stationary condition,
30~50% of boron was reduced approximately, in this experiments.
(4) The optimum amounts of B;O; addition to promote the hardenability of steel were

0-05~0-02% in weight to steel.

(5) There was no difference between the steel made by this method and boron steel using

boron-contaning ferro-alloys, in quality.

(6)° The authors concluded that this method was not difficult, not expensive and suitable

for making boron steel in practice.
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Table 1. Preliminary experiments regarding the reduction of B0, and Na.B.O,.

Amount | Preliminary B:03 Aland Ti | Holdihg [ C content { B content Yield of
of melt | deoxidizer additions ’ additions time in ingot in ingot Ble(o/)
(& (%) () (%) (min) | (%) i (%) o’
© Mn 02 | Al 01 l _ | ]
20§ o2 i 5 Ti 02 3 0-32 | 0-08 .2
270 ; 5 ‘ Al 015 3 | 0-30 ! 0-01 k 3

| |

' Mn 015 | (Na:B,O;) | Al 0-1 . ) '

300 ; Sj 0.3 | 10 Ti 0-2 5 | 0-27 0-11 : 33
-, :Mn .0:3. . ! . ) ,

290 ; Si 01 10 Al 02 3 | 0-15 0-09 8
‘Mn 0-2 ' - . - i

320 Si 02 10 Al 0-2 5 0-17 0-01 ; 2
7 : Al 01 . i )

300 1 v | 10 Ti 02 5 ‘ 019 1 013 12

Table 2, Examples of hardening of steels
melted under B,0Oj;containing slag.

(in. normalizing condition) ;
Amo- | BOg; Ti .
unt of addi- |addi-| ¢ Si Mn B _|Prinell
melt |tion ttion | (%) (%) (%) (%) |pess
(g) 1 (g) ] (%) - |

3201 0 | 02]017 015 030 — | 130
320 | 10°| 02017 011 020 0-020 142
30| o | 0-2]0-41 03 056 — | 195
300 | 3 | 022|043 0'31 043 0-076) 250

7535 Photo. 1. 2 BUEEREHO— G % BT 1205, B
BT b SR FesB (LW (MEIRROMED OF
RS NI '

Photo. 1 Rolled and annealed structure of
Specimen melted under 3g of B:O; in grap-
hite Tammann tube. Picral etch. Xx540.
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Ut SIBREAL, 30 4 BEE T, M
02, Si 0-15% %Nz, 3 LICPEDESHE 2 EA, &
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RRHIL, B:Os HAMEthik4£ x5 v @ 0,10,30%
B X HWEAUR. BBRMUI AT » 7 O&5RI}
fMnoE&d 150g THhrH» 5, 4kg BEicxd 2 B
iz sk~x 0%, 0-12% KIF 0°36% &75%.

CDAT » 7 BERUIE, B 7z = - F &Y
(EEeSE, 745 » FEUE, C 003, Al 4'5, Ti25'7
%) % Ti=0-3% (EShcxIL) &3l mL,
S HEIEBB U, 27 v 2B XHEHLL.

C DB 10mmd wWwEBIE L LTz, SREO DT
#5313 Table. 8. RIS T, LS ED B &
&L, ZoSHHIMNEE 0% ThHDoiz-

5%, ANRF (5mmgx80mm) T X B —YREEARER
DOt Fig. 1. Oip TH 3. AP OBEFHE(total
B) 25072 DAL DBEAMRIR IR IEIC KIS U,  FEALED
& DICH L THI S D B LT B AR LTS 2D
FRAROMTD 5, T O X DTH 5 DI
Mm% & s 35 BRESIEHEEIEETH 5 T & AIEHRNT

D SN

Table 8. “Treatments and compositions of the 35KVA furnace steels.

Specimen Deoxidizer (%) l Holding timp lSlag composition . Chemical (cé/:3;11p951t10n Aus_teni_tic
No : after B addi- | e E —| grain size
' Mn | Si | Ti |tion (min) |CaO |Si0;{B,0s| C | Si | Mn | B (G)
p—1 | o1} 02| 03 — 50 | 50 | 0 |043 011 0°36 —] 7
D—2 0-1] 02| 03 10 50 | 40 | 10 0-45:0'-16 0-311003} 75
D—3 0-1] 0-2.| 03 .8 | 50 | 20 l 30 | 0-42 | 0-20 | 0-27 | 0°10 7-3

Charge: Steel scrap (0-2%C) 3684g and. low-

— 13

P pig iron (4-0%C) 3l4g.-
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2 4 8 8 112 146 1820 22 24

distance from quench end (mm)

Fig. 1. End-quench test of specimens (0-45
9%C ) melted under B;Oj3-containing slag in
35K VA high-frequency furnace.
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Fig. 2. Schemahc representatmn of the melt-
ing and treatmg operations in ‘a 2—-t0n Her-
© oult furnace.
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Table 4. Treatments, compositions and mechanical properties

of the Héroult furnace steels.

>, ; : . : ’ )
b= Spec1-| Amonnts of addition Analytical composition (%) Aust- Mechanical properties
= ' enitic . :
& |men W(;“ , A ] - i gf:gn ?‘im'"—'ren‘sﬂe Tlong-| Redu- |Bri-
- ByOs | B Al Ti g streng- |streng- (ation ction | mell
3 No. 1y’ | ooy | (o) | oy | © | 8 | M P | 8 |C T B 1 (®) [th (kg/th (kg/| (5imm of area hard-
& | " |mm?)y fmm3y | ) (%) _|ness
G—1/ 0 0| oo lo-12 | 0-29 | 0-36 | 0-52 0-037I 0-021 0-84 | — — — | 351 | 621 | 170 | 28-4 | 170
&|6—2| 1|00 rr | 17 {027 048] 0G0 0-034| 04016/ 084 | — | 0010 — | 45-2 | 6€1-7 | 23:0° | 36-0 | 163
a—s! 3|05 tr | rr |o0-20]050] 068 o-ozsl 0024/ 097 — | 0015 — | 461 | 630 | 16-0 | 20-3 | 167
g, H-1 o oI o0-12 | 0-12 | 059 | 0-51 | 0-41 | 0-015] 0-017| 0-85 | 0-09 | — 65| 730 | 854 6% | 116 | —
%ﬁo t—a| 1lowoml rr | 1t |07 043! 051 0018 0-021| 0-68 | 0-12 | 0-008 | 70| 70 | 8T8 | 69 7.8 | —
(=3 . ' . f P f.
Eg I—1 0 0 012’ 0 ,0-20 0-560:91]0-016i 0-019 — | tr — | 55 423 6 2¢.0 | 36.0 | 185
o | ' i ; i
SH | I-2| It 1o {0415 ! 0-29  0-30 | 1:27  0-014, 0-020( — tr —_ 68 | 464 ' 66-3 |-27-0 |- 438 | 185
_ ' | . | : ! j -
2 i : | i i ; ) , ‘
,;.3? J—2 02, 0:003 0-12 015 0:28 0-37 | 1-30 ] 0-01, 0-014‘ — 011 (0:001)| 60 40'6 | 65-5 | 27-8 | 51-0 | 179
S T—8 05 o008 11 11 028037130 ' 0-016' 0-014 — | 0-08 i 0-00¢ | 71 ' 381 | 6549 | 250 | 35-9 | 175
é‘;‘;”}" J—4{ 1 0-015 11 P 1t 3 0-24 | 0-34 ; 1-08° 0-018‘ 0:016] — | 0-10 ‘ 0-008 | 68| 3000 | 600 | 250 | 43-8 | 168
,,: PI—5i 8 o0t 11 | 11 lg-25 | 0-34 l 143 | 0-015 0-009, — !o0-11! ‘0-011 0 l 396 | 65°6 | 17-0 — {183
g | : i | ' | I ' : | -
@~ g : i I ’ : : . 1 ' . ! i
35 k2 02,000 020! o 0v0|o (164 ; 0-010 0-017; —  tr | (0-001)! 7-8  42:2 | 69:9 | 180 | 36-0 | 190
:;3 K—8 05 0.008 '* | 11 0:21]0:24 1:35 0:02 0014 — tr ! 01006 | 72 ' 384 | 60-0 ' '30-0 | 559 174
o8 iK_4 1 0015 11 . 11 031 0-40  1-29 | 0-017 €013 — - tr | 0-007 ; 6.4 ' 41-5 | 69-6 . 24-2 | 41-6 | 184
B lg_5 3 o048 11 | 11 ;030039 |1-58 " 0-016l 0-014 — | tr | 0-011 | 66 | 42:2 | 69:2 | 26-0 | 49-0 | 193
95 | |
Aa . ' , i ! i ! ‘
Table 5. Example of slag compositions. (No. G-series melting).
. , " Chemical composition (%)
Specimen. Time of Sampling ‘“ e
. - | 8i0, | FeO | ALO; | CaO ) MgO | B:O;
G-1 Just before tapping. k 18-00 | 4-05 | 11-55 | 47-13 | 18-87 0
B . - 1
G-2-(1) 6 min. after B;0; addition. t 21-50 4-76 1:24 4850 17:05 0-52
9 min. after Fe.Ti addition I Y | - P .
~2- . . L. 21-00 3-37 + 3-38 46-00 18:28 0-55
G-2-(2 ~ and 18 min. after B,O; addition. ; b
: - i ; i .
G-3-(1) | 7 min, after B:O; addition. v22-70 3-25 } 3-75 57-25 i 11-71 1-81
. " i |
i .Ti addition . |
G-3-(2) O min. after Fe oD, 22-25 | 3-37 | 3-38 | 5221 16-21| 175
C @ and 15min. after B,0; addition. | %

Fig. 5. [3BITANC Al & Ti 208 L7248 Mn §i
BHEDNWT—IE LI D TH 505, OB S BOs 4
I A s Vi IREE & h B T BEAE R BD L,
Z OFFISIITRMBEEFA L THEM LU TE* i
Fig., 6. (2@ Mn Slopsitse LT Ti 26/
ULRBNERZJELIZEDTHS. BELING DB
Al OfifHEIR 0°2% THIE OB & L H HWIMLTH
B BHES K-3 REREOML CEMSEMNDT

NTHBY, O3 HEOMERNRORIIE 2CH

—EFZED L TWA. T2 5 Mo diicBad 3

* HpHRE J-4 @ EER

C, Mn 2847 0 ity

5z k haiud Ti OFMOEMH S B0z 7K
B D% UARE Tt s BEOBEAM2RT C & 25
o1 (BUfanmEE b B:0; 0-2kg  RIN (S D453
471 0-0019 DI F) T3 IFAIRD b D & KED I UVBEA
MERRL, CORETREMEITESTHS L &N
%.
B A1 L S DRBOMERIMNDEE § B0s 44
W2 IT DI QBEAMED RN 2 385 5 £ & HsHiskT
(6) FABHETHERS
L DHEBOMGHAMOEY 2 T3 Photo. 2~d TR
Uiz 7 b5 Photo, 2. 134 Cr §fi (B20; 3 kg
7 Photo. 8. 135 C/Cr 4 (B:0; 1kg 7AiM,
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Hardenability of low-Mn steels
without Ti

Photo. 4. 1245 Mn 4§ (B-0s; 0-5keg 7)) B84 2
FEMESIERSE T 5 D5, T4 5 (D boron constituent 3
édFmB4W%wi§@DB%Vﬁena D EBEET

@5
—%ﬁCBOaﬂECiOT%%LL.B%®ﬁﬁ

i‘ﬁl 2

Photo. 2.7{Low-Cr cast steel treated with 3kg -
of B.O, (specimen No. G-3). Grange test.
Picral etch. x360.

Photo. 8. High-C. Cr cast steel treated with
1kg of B;O; (specimen No. H-2). Annealed
at 860°C. Picral and Nay;0; etch. x400.

Photo. 4. Low-Mn steel treated with 0'5kg
of B;O3 (specimen No. K-3). Grange test.
Picral etch. x500.
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S’[‘UDY ON THE BOT WORKING PROPERI‘IE: OF RIMMED S’lEEL (I)

Toshio I /ceshzma and T tsuak% M OMSh'Lma N

Synopsis:’

In order to mvestlgate the cause of the defects of the rimmed steel tubes during the
piercing process by the Mannesmann type ro]l hot workmg properties of rimmed steels were

studied.

. When the cross SGCthn.AOf-th'e billets was macro-etched with the ammonium copper chioride -
solution, many dark. grey spots and black spots were detected in the core of billets. =~ .
The results of the rotary hammering tests, impact bending tests and piercing tests showed

that the dark grey spots were not so injurious, whnle the black spots acted as defect point-

for the hot workmg
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