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On the Determination of Boron Nitride in Steel by Means of
Electrolytic Extraction- Infrared Spectrometry

Yoshio YOSHIDA, Yoshiko FuNAHAsHI, and Yoshikazu Kamino

Synopsis:

A study was made to establish the reliable method for the determination of boron nitride (BN) in steel.
The recommendable procedure is as follows: The residue isolated from steel by electrolytic method

is collected with a micropore filter (pore size, 0.2 ).

The filter is incinerated by use of low temperature

hydrogen plasma to decompose the organic substances that affect IR spectrum df BN. As cementite decreases
the percentage of transmission of infrared rays, it is decomposed by the immersion in chemical agents solu—
tion or by controlled—potential electrolysis. The residue thus freed from cementite and filter is mixed with
potassium bromide, prepared into a disk of 10 mm in diameter, and absorption intensity of the characteristic

band at 1390 cm~! is measured.

By the method established, it is possible to analyze quantitatively a very small amounts of BN, down to

about 0.0003%, in steel.
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BUIN Lo #Fuh <, #hTcE{biz5%k (BN)
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REEBELT, chET BRI TE 7.

FER 5V 13 BN 23RS TR VIR A RS b %
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L, BRI OV THRINBIREEZ#EA L, BN oEs 21T
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7. L L, BEELOEEIHEOGBCHEBRZH W
7D’ BN oRIBIRNY 2£ U, TRt EREE
LIRS B0,

BRI X /s BN g4 TcE 5.
LU, 2086, BN LFEEHCHD D S %5 FeyC
BIUBRIBENORKREI 7 n 7 4 Vv E—1%, WTFh
3 BN 0 2R MVHIEDLE L5 5 DT, FRTICHfiE
RETHLERD 5.

AT, ThbDHEIOWCHELKRE L, FeG o
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BRI T M E R B X N7 1 Vv Z — DO RALICEE L, B
TARLER BN It W T b (bR Sl X s nwREeTs
IR SRR R L, W, Tt s b RIFR BN ER)
EaRWESL Ule. i, BE X o5F X &/ — ik i
R FRETR i X B4 0 BN ER{EZ bkt L, &
iz, B SIH LD, =0 BILEMIC oW T BT T
35 AL A BB 2 B H i Lz,

2. HAELIUEE - #BE

2.1 5 =

(1) &5k BN : Cerac t, #iE 96%, (2) 8ikAY
U A RS REL Y ) D & (Biki) 200
FLEKT —200 mesh WL 72 D, (3) AA FRIEHL :
FRIXAFAUTLE=TLIUTA R 10g 2227 —
VICYEERL, TR FU7 e by 100ml 2inz, &0
—uT 1000 ml izF5%. (4) SA RiEWE: ¥ FE
40g, LY Fo A 20g &2 %/ —VTHR, 42R%
1000 ml iz4%. (5) EDTA i =5 1L o7 3 o
MERER = Y U A (27KE) 208 2K CTHML, &F
Z 1000 ml & U7cth, 7KEB(LT v E=9 AT X D

* W 52 4 ARSHMEAKITTRER

WA 52 4£7 A 6 A%t (Received July 6, 1977)
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pH 5.5 ICiKi+5. (6) X5F» %/ —VEKR: X5
£ 3.5g %Mk &2 — 100ml ZIBET 5.
2.2 EKE-RE

(1) EBAERHEE : YAt VE8H (30 V-54),
(2) HEZ WL « T3V ok, MI2 L (50W),
(3) MRIRIKIIEE - WhA%E, LTA 3 =& (0~30W),
(4) HZEWIG2% « Bk, SE70# (10-*mmHg), (5)
SERIBRES © B ASEi (10mmg), (6) FHRILHIILE
5 BAS YR, EHTHET DS403G B (4000 cm -t~
200cm-1), (7) WRESE : NHEETE, CAT No. 906-
1 000

3. #@ # #

R E R T R L 50 kg fABEE Jui gk
L, FREOBILE L 7ot HikFHE (16 mmé X
50mm) LHIHFEZFHEL, ERcfile. Aot
HoriifEZ Table 1 iR

4. # & #® {F

4.1 M8

WP DBILEME>ED X Sic LTS T 5.

(1) FEMREE - MIREEHE AASRIAW CEBALE M A
(—200mV, vs SCE) it X W &EHTSH.

(2) XoFEx&/7—viE HBREX S FEX 2/
VB E R WTEIR CHRT 5. S RESE L
B Ar FERATITS.

(3) whEg R W B 2 ER (1+6) 2T
0°C THESHT 5.

FRE BT 2R RS A HIRBEI s v T 4 v
Z— (FLiE 0.2p) THEHETS. hk, AEADE
B, FE lmg GUR H-1 % 10% BER » &%/~
BHET 60°C By fiE L, BREL-D D) ZRE LA
B~ NEABLTT A VR~ FICRFBERE DL, &
DB ESHRETLTABT S5 HFEE2R /2.

1

4-2 GREIORMEEFABRRIAANY PIVDORE

HH BN, SRSk & Mk FREAR A
v, KBr 250mg Zimz T & 82500 53k
L, DED AL — VTHEFBONELZEO>TEST
&1, 20min X KBALTHOARIEL, BZEW
ezl (110°CGx 2 h) Lricfs, HEOFEER
FTHHEIL, chhb 200mg 255 H L CEERIR A ER T
A, BZERU FTHR L, HiABHES Smin LT 8t/
cm? OJES)T Smin [EHIEL T §EH) (10mme Xy 1
mm) %>< Y, ZhEFNseeEstoxREc, %
72, KBr 5 OgERIZ MEMCRMN T, Axvyr =2
7 Z¥— K 40min (4000cm-1->200cm-1) CIFIN R <R
7 bk bD.

5. RBRLBR

5.1 REROIER

BN 2<% +v (Fig. 1, a) k¥ 8l0cm-1
1390cm=2 fF{ET 555, 8l0cm-t fHEICIE AlOs,
SiO,;, VC 75 ENEMBIGROERILEN DAY dv
HOoTERHCTEH LY. —F, 1390cm-1 pARZ b
WIEBNEEDL DT, THEEETHARY bvERE
FTH5LEDIITEAE . Fig. 2 w&m BN X 5k
Wo—fl Ry, Zofs, 130cm-t 9ARY b
MR % TH A AE TS ST RSRE IR X DTk ey, Wik
ELEMED X VBRERME ST WA, K, D
i U7z BN T34 BN 027 bv 203 LD [HE
—BRE RS WERE THARERCIERMEICIE
B0, DHBOERTIT T CHBEEER R L.
5.2 J4&—DKIL .

HEEI a7 4 v & — 3R MEETE < ORI A R
I MVERTLZOT, T KIELTHLEBDD
05 ERFTHET S L, FHETD BN BB LTS 8%
ND3H D, WROIDHENRE L X TERLUIRER,
Table 2 =73 L 51z, 750°C DL EDRA, B S I2ER

Table 1. Chemical composition of steel samples (%).

Steel C Si Mn P

S Sol. Al B N O

0.002 0.010 0.026 0.003

0.003 | <0.001 0.0047 0.0056 0.0050

0.003 | <0.001 0.0055 0.0039 0.0051

C 0.044 0.015 0.004 0.003
E

0.004 0.004 0.006 0.004

0.003 0.001 0.0110 0.0017 0.0117

é 0.41 0.026 | 0.002 0.004

0.007 0.028 — 0.0015 0.0029

1000°Cx2h, WQ—600°C'x1h, AC

H
H
H-1:

H-2:1000°Cx2h, WQ—-700°Cx20h, AC
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Fig. 1. Infrared absorption spectra of BN and

filters.
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Fig. 2. Calibration curves for boron nitride
(synthetic BN).
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Table 2. Effect of ignition in the air on BN ex-
' tracted from steel A (1200°Cx2h,
WQ—-800°Cx2h, WQ).

. Steel
Extraction Ignition sample | BN found
of BN condition dissolved (95 in steel)
(g) |

H,SO, (1+6) o . 0.301 0.0052
90°C method | 200°CGX20min| 57550 57053
450°C x 50 min 0.275 0.0053

. 550°C X 20 min 0.309 0.0052
Blectrolytic | 650°CG %20 min| 0.355 | 0.0053
750°C x 20 min 0.359 0.0038

850°C % 20 min 0.322 0.0015

Filter : Gelman membran filter (47 mm¢g, 0.2p), carbon | mg
added

fbic X % BN @8O F AR 6. —7%, 450°C~
650°C TiITIE % L CHEBHIE WEME b, &
i TH L U 72358 DIER R S ko T hic& L v

LD, ZOXIREEHTIETRILShDEDTIIR Y
& Bz, bbb, #H#H/s BN (Photo. 1, a)
D% WRER O PREOLEERIBIRN L7 b, BFEETIRE
X% 3BT X >, SR ESE
D—FKEbbLiclbBZBELZLNS.

AR BT BN ok B2 TR b VvD
Ty Oy CO,, Ar, H, 5 8% AT BAKE L7z &
B IKRT 7 X = - WRIKIE (BRI LigRd) i
X5D0RZIB VT EWBbrDl. COEE, 71 E
—~ & LTRABMERENC b RRICKILENE D
BIHFELL, ZOBEPLF VI T 4R —Lt= b
VRT —~T7 4 WE—=RRIFTHD. Lo, Frvw
7 avz— (Fig. 1, c) VRN CEifmm e it I
ARD MWEFTLDT, RIKILGPEOIIGEREE
T5 EERAWTIRV. =22 YR —7 4 vx~ (Fig.
I, b) Tk 1390cm-1 {iF OZARY hLik fied T
<5 L7z o T, IR RIRIV G 23D T 3 #2840
INEV. HE, BESN 200 pg BECIE BN 2EE
T5ETELMER» D =2V RT—T 4 & —
RANRIRNCIE TR T 256, 77 X IRESE W Lt
fE U CRROARC 72 E 0, BRI CHIRIE L v,
ZDIz, FITXRRAO GREERNE, &), 20W
THShMBELCTT7 4+ VEZ— 25 AEESE LS B
Nz IOW i LiIFCATs &, 71 E—o g <
4h e (BRPIOREEH» D) TREKILIhS.

IR RACIERRAE - AR S B = 2 0 VR7 — T 1 v
£ — (25mmg) THEL, AHEBRCANTTI X<
BNICFEAL, Hy 249 10 ml/min (¥/F) L, HaE
Ko (REH 50 I/min) T HKRL, FIX&FAL
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a : Steel A
(1200°Cx 2, WQ—800°Cx2h, WQ)

Table 3. Determination on BN after the inciner-
ation treatment by use of hydrogen plasma
low temperature asher.

b : Steel C
(1200°Cx2h, WQ—800°Cx2h, WQ)

Photo. 1. Electron micrographs of the residues extracted from steels by the electrolytic method.

Table 4. Effect of C and Fe,C on the
determination of BN.

Steel sample BN C BN Fe,C BN
Extraction | Incineration dissolve dp BN found taken added found added found
of BN | of filter N 1% instee)  (w@) | (w@) | (ug) | (mg) | (ug)
20W  30W
0.15 15.1 0.02 15.3
Electrolytic| SR+1h 0.314 0.0066 0.30 14.6 0.05 15.7
4h-+1h 0.254 0.0063
method 15.1 0.45 14.9 0.07 16.2
5h+1h 0.322 0.0061 0.60 14.9 0.10 14.4
16h — 0.307 0.0063 : : : :
: 0.80 15.5 0.15 15.1

Sample : Steel A (1 200°Cx2h, WQ—800°Cx2h, WQ)
Low temperature incineration : Hy about 10 ml/min

T7 4 VvE—&F{LT5.

AIEIC XD [RICE L7234, Table 3 R+ X5
W, MR A 4~16h it Z 2 THITIF—E L7 BN &
HEPIE LN TEY, %72, ZOMHEBIHROBHEYK(LEE
(Table 2) DIFAHITHABH S»ITHE .

5:3 RFEBKY Fe,C OFE

R Fe;C i FEEMPEECHNIE, T hizgn
%UBZ%%L“C Hivo BN +4mkhkoixv¥ -5 52 50

SHRECKRTE 727, BARIEEHONEC

XoTZ5H, AR H-2 »o Ml L RES IO
Fe,G v, 4-2 HiZfE > C#EAIZFHE L, 1800cm-?
R DWW CHTHE L2 E 2 A, FRRIRE 0.7mg @
L% 379, Fe,C 0.3mg D& % 85% Thor. i
LOHMFDOS & T BN &g L4, Table 4 o7
?l5m,%%m08mgifmifﬁ%ﬁmﬁ Fe,C
PIRE SR KE L, 0.05mg BESFHAIRET, Thilk
TREEME ESDW. REE LT, FeC 23FWE
DD, FEPHODD 5 Ao RAK ERT 5 ER
7, MR Fe;C 2% BN R-Io k) L C BB 0 iR i
BREBZRE LI L ZOARELEPE L LN S.

BN : Extracted from steel A(1 200°CX2h, WQ—950°C'x2h, WQ)
by ¥3-methanol method
G, Fe3C: Extracted from steel H-2 by 14% Br;-methanol (60°C)
and electrolysis, respectively
Disk : KBr, 200 mg

5.4 Fe,C DRE

HIAD 1% Fe;G popfific EDTA IS Galinc &%
WA TWS. BB H-1, H-2 2 S LicprE o R
% fE D Fe;C (Photo. 2 £MR) %, |3 EDTA 7*;&
BRXOCH OB ICH VS5 SA RIEHKS,
ﬁ%%”ﬁk#*ﬁ%mK%%%hﬁﬁb>%@%%u
BiF5 FeERE (0-7 =F > ho Y VIR 7
LRz KD, fER%E Table 5 TR L7255, EDTA
BB L AA BB TOSBRITE . SA RIBFED
Bd, MK FesC 0oy 78% TH4lidvwziaw
D% Uf7s FesC Cix 98% L {ETH o7, —7F, BN
NS DBHRITIER LI W EPERSINI-DT, &
OO M7 FesCG o opfRic SA RiBwkE Avwb2 &
NBTED. Iak, FesC 13ifm» S EEE < E T
D& BIEELT HRLEL K HEW 230k 0¥
i, Fig.3 ofEELZAV, BRILEWCSET 5 HEC
DWTHET L7z, FesC 2 HEREZ N L, HMERICHET
T%%Wﬂlh,;h%%ﬁ@VLf”ﬁﬁ R X
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a : Steel H-1

b : Steel H-2

Photo. 2. Electron micrographs of cementites extracted from steels by the electrolytic method.

Table 5. Dissolution of Fe,C by immersing in the
chemical agents solutions.

Dissolution
Sample Immeréion pg?%giége
(%)
*30 min 38
EDTA-soln.
Fine particle sotn 17h 43
Fe,C 10 mg
(Extracted from| AA-soln. 17h 58
steel H-1)
SA-soln. 17h 98
*30 min 10
EDTA-soln.
Coarse particle sott 17h 26
Fe,C 10 mg
(Extracted from| AA-soln. 17h 38
steel H-2)
SA-soln. 17h 78

* : Immersed under the ultrasonic vibration

DIBEL, FesC OB TETHRELIRVE L TR
7o FesC B H 2 MIC il X & 5 72%, 30 min [EjfFC
20 s SOBEWIREIZ N 5. ZORE, REPEEE
% LiE FesCLETT50T, MEOAR UEIEBH
WIRIRHENICES, BI2ET5. 20X 5ELT
175 FesClXBBHRIC B il U7e d @ o HAEEIC 5T 5
2%, BB ORI CTH W LD FesCiz o T bk
L7cfEd, Fig.4 waind X 51, BRI AARIBIRD
B, im7s FesClaskg@BAr +700mV (vs SCE) B
T, HEo Fe,C 3ERr%w +1000mV~+1200mV
LT 9 Li3ERaesInsd. —F%, SA RiE
W TV IR VIR I AR D e

BN 33EfghEcd 5 3 FE i FesC LIRIChE T %
DT, DEQER LT O], #HE C oEME S (Photo.
I, b £8) %A%, KER{LAEERE, WAL, AA R
Bz, FiEEA (+400mV~+1200mV) T4

Controlled
potential
electrolyser

Timer

f
\

: Magnet

: Pt cap (anode)

: Residue extracted from steel

: Pt plate (cathode)

: Ager-salt bridge

: Calomel electrode

: Sponge

: Ultrasonic washer

: Electrolytic cell (300 ml-beaker)

=TIOHEHIQ®W»

Fig. 3 Apparatus for decomposition of cementite.

han 16h JBE LA D RNFES i ow T BN, Fe
BEIOB (2 FLUoFERLERER) 240 L, ¥/ B
FRACEE L7 Wd DL 2WTH L, £ DfER% Table
6 zRd. Table 6 OfH & Z RS0 X MEAENTR R
(Table 9 £M8) 20 R5 &, LiCEM#HE TV
NOEED, FeyC XU Fey (G, B)s MFITHEEIT 2y
b0t LT, BN BofEes, ek Einb
PBH. IR, TOX SR, BERAMEIIO /20D, B
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Electrolyte, AA-soln. ( —(QO Fe3C extracted from steel H-

@—@® Ye;C extracted fromYsteel H-

A--/A FezC extracted from steel H-
Electrolyte, SA-soln. (A—-A FesC extracted from steel H-

10 mg of cementite was used for the experiments

1
2
1
2

Fig. 4. Decomposition of cementite by the con-
trolled-potential electrolysis.

Table 6. Electrolytic dissolution of the residue
extracted from steel C (1200°Cx2h,
WQ-—800°Cx2h, WQ).

Potential mV Insoluble fraction
(vs. SCE) | B (%) | Fe (%) | BN (%)
- + 400 0.0028 0.002 —
+ 600 0.0027 0.000 0.0054
+ 800 0.0031 0.002 0.0054
4-1000 0.0028 0.004 0.0054
+1 200 0.0031 0.000 0.0052
—% 0.0036 0.243 0.0056

Electrolysis : AA-solution, 16 h’
*; Immersed in AA-sdlution without applied potential, 16h
% : In steel

EXN/ BB L D BOBEMICHD, L2 T,
Table 6 OfEFEIE, BN OSRELSEC WA LRLE
MEDVECHNEWS Z E2EERT S DD TER .
5-5 {LEFITEELDLE

Fe-B-N & BR800 C & 2 KL A Ok EE 7 TR &
ik, BN DStogiEo Bib&, NIL&WmEHEE Lk
WEEz2 6050 T, BN, B, N 2xhFh 5Hrdh
i, b 3HEOSIEICLERRNR—EBR bR
LT THE. THEHRTH-OER LR (N:
EAYS Jn s leeER) Table 7 wR/3 X5k, b
B 3EMO—FKIIRWD T XDk ZDZ LI, Th
F TR 72 IR AMEIIEC & % BN g2 & H ko -HaE
TELHETHHZEERTEVID. FICEAMRMEE
DA D R DWW T D 5 fila Table 8 (7R L7z
23, BN OEEHEIEHEIRMDL XL, 72, ZoED B
BE1X, B0 total B X OiEXHho B ooffic
B REBERWLEENLTTHY, FELLEET
%é#%# bhTwd. ink, 3 No.4Cid BNA

ErfE (B*¥%) nRairiBesE (B%) h~n
B0 ERWDS, i i d o N oA AIN &L
THBEINTWS2DTHS 5. Fig.db wHEFEOARY
FVBlZR U BORKRERSIEA RS bViEE LY RD
+
5-6 HHAEE BILEDES

ST OB BT X SFEX X —ov, TREE Y
BRVENGER, b0 BERICET 5 BILEWOr
fEZ & 5 72, TR FIE (Table 9) 247y,
Fey(C,B)e 331N FeB 13X 9FEx &/ —vifk (&
IR WHEE, Biig (1+6) (90°C) iwls, BN ixzh
5 OB HEY, FesC i3 (1+6) ialid, k5%
X B 7 —VIETR ROV, COMARE LN Tk
B, o EBRER»S, kit FeC X Fes(C,B)
type® Db D LF z Sz,

ARG % 1200°C, 10h jnZh, sk L7-t%, 600°C~
1150°C p&RE T 15hinEk, K& L7zdDie2ong,

Table 7. Analytical results of BN, N and B of the residues extracted by H,SO, (1+4-6) at 90°C.

BN N
Steel Heat treatment ————| B (%)
BN (%) | B* (%) | N (%) | B** (%)

1200°Cx 10 h, WQ-750°C'x [5h, WQ 0.0032 0.0014 0.0019 0.0014 0.0014

1200°Cx 10 h WQ—-850°Cix 15 h wWQ 0.0052 0.0023 0.0035 0.0027 0.0024

A 1 200°CXth WQ~>950°C><15h wQ 0.0038 0.0017 0.0022 0.0017 0.0017
1200°C x 10 b, WQ—1050°Cx15h, WQ | 0.0028 0.0012 0.0022 0.0017 0.0013

1200°Cx 10h, WQ—1150°Cx15h, WQ | 0.0006 0.0003 0.0005 0.0004 0.0000

B* : Calculated from analytical value of BN by IR method

B** : Calculated from analytical value of N by chemical method, as BN

% : In steel
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Table 8. Analytical results of some commercial steels.

Electrolytic residue
: Chemical iti 0
Steel IR method* Chemical emical composition (%)
No. method
BN (%) | B* (%) | B (%)  C S| Ma | solal| B N
0.0060 0.0026
1 0.0061 0.0027 0.0026 0.097 0.26 1.44 0.013 0.0026 0.0052
0.0071 0.0031
2 0.0069 0.0030 0.0031 0.12 0.26 1.46 0.019 0.0029 0.0150
0.0040 0.0017
3 0.0037 0.0016 0.0016 0.11 0.27 1.43 0.020 0.0015 0.0058
0.0012 0.0005
4 0.0007 0.0003 0.0015 0.13 ) 0.23 1.45 0.021 0.0027 0.0014
0.0141 0.0061
5 0.0135 0.0059 0.0068 0.12 ’ 0.25 1.43 0.022 0.0100 0.0069

* : The residue was immersed in SA-soln. for 17 h to decompose cementite

B** : Calculated from analytical value of BN
% : In steel
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2) Residue extracted from steel 2 by electrolytic method.
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b) Residue extracted from steel G (1 200°Cx2h, WQ—800
°Cx2h, WQ) by Iy-methanol method
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Fig. 5. Infrared absorption spectra of residues
extracted from steels.

Bk, X OFE AKX —VEEE SRR R X S
BomEERshoBRIO BN 2 fhwEml, BN &
BffX BN L LToBRICHE L, LTokiE% Fig. 6
WRT. fnds, ROMBBUERC X % BN EREODEED FeyC
S TRIRVEV T B 2 88 L CiTe v, ZOBMELE
IR S oW TOALERL, LTOMDHET X S

Table 9. X-ray diffraction results of the residues
extracted from steels.

Sample F
Steel for dif-|Fe,C (Cezg) BN |Fe,B
fraction >/

A (a) — - |+ | =
1200°Cx2h, WQ (b) — — + | =
—800°Cx2h, WQ (¢) — — + -

C (a) + + - | =
1200°Cx2h, WQ (b) -+ + - -
—800°Cx2h, WQ (c) — — - =

TINEEEE
(950°Cx2h, WQ) | o2+ T | T 1T F

Sample (a) : Electrolytic residue

Sample (b) : Insoluble residue obtained after immersing sample
(2) in 3.5% I;-methanol solution at room tem-
perature for 4 h

Sample (c) : Insoluble residue obtained after immersing sample
(a) in H,SO,4 (146) at 90°C for 2h

+ : Identified, — : Not identified

HIE X OBA 14 L7z, 600°C~700°C s oatRl ¢
i, X5FE2 2 —VEOERI T FesCREgICHE
LTWwWT, BN oER BT Eixpro7. Fig. 6 0x 5
i, RSO BERETAbE BN &0 7244 H B
SEREIE, BEOBETCHRLOFE X Z /7~ VEETIR
LR MBS L TIZE St EWERS R Sh,
T, MR T RER L 2z BT BER R E V. AnE
O BIL &M O V2R LT LR D Fey (G, B),
Feyu(C,B)s 0 (Fig.7 2MR) %Pfe% 2% L, Fig.6
DORRY, X o5FEX &7 ~nEETik Fes(C,B). ok
TISUERRE L, TREEZ BT TUX Fes (G, B), Feyuy(C,B)e
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AT R EICER Lo, LR LN TES.
S &IT, BN EEEPLFHE Lz BiETkbh BN #
BERMIIEMY:, X5 »x &/ —vEficERig A
EI WA, TRERS FRE T S IRy, Th EFERD
HEROFABLA (Table 7, 10 ZH) oW THE SN T
w5 FREE LT RS FECETS BN o BiEE 4
BRNBEE 25N 52, BRBARKERZZLAEEER

A:i Electrolytic method
("')9 3 i
X 2t ‘——‘—W_k_‘\\
R
On
4“[ I,-methanol method
x 21 *””yﬁ?z:t::k§§“\\h
® 1y
Onh
4] HzS0,(1+6), 90°C method
mg 3
X 27
IR v
O 1

600 700 800 900 1000  TI001150
Temperature (°C)

(Heat treatment : 1 200°C'x 10 h, WQ—600~1 150°Cx15h, WQ)

O—0O : Analytical value of B
@—@® : B value calculated from analytical value of BN
% : In steel
Fig. 6. Analytical results of B and BN in the
residues extracted by various methods.

Table 10. Determination of BN in the residues
extracted by electrolytic and I,-
methanol method.

Sample BN (9% in steel)
Electrolytic [I,-methanol
Steel Heat treatment method method

1200°Cx 10h, WQ—>

750°Cx 15h, WQ 0.0047 0.0046

1200°Cx 10h, WQ-—>
850°C x 15 h, Wq | ©0-0060 0.0057

) 1200°Cx 10h, WQ-—>
A 950°Cx 15h, Wq| 0-0056 0.0048

1200°Cx10h, WQ—

1050°C:x 15 h, WQ 0.0037 0.0039

1200°Cx10h, WQ—>
1150°Cx 15k, Wg| 0-0004 | 0.0009

WDT, FeC BREHATESROIDOTHY, %77,
BREDDHEIT « VE —ITREMBHE 1mg 2Nz <
LOTHED, ABRANE DR E LT LB IThE S
ERICEI R WEEZBND. Lo, HERS s
R DIKER M BN ofigic k% tEbh 5.
5.7 #xUich%
CNETOERERICESEHL L7 BN 80
HEHEERRDE0XDX5THS.
k1) fiin-FesCom SrEeilbl : U2 EM L, 3p~
DIEREZ SA RIBRPTIEWEL T —HiZE L
%, AREMN & R BRRERE A8 L TR S phE
L, BEK(REEL, LIF, 4.2 BEifit>CifEd 5.
2) RO FesCxELiH : BRI 2551, &
MR RACALEE U 78R W 78, B (AA RIAUE,
+1000mV, 17h) L, BIX%2255L, (WEKILAM
L, BIF, 42 HiiE > T e+ 5.

6. = £

BN i3 BIEEDOARFRDO LD E X4 ¥ €L FEED
OO HE BT WS, 3B A, CRxXOEIHFE
L7z BN 1%, XiREIETFHROBHI RE — 5,
FTHOATROMEMTFIPES LS FRAEE L 5N
72 AT FEBN T W BHMERTOER b Al 7x
WELBREED B 5 Z LBH LN T WD, e E
BN T3 A7 bVIBBHIIEA WD O &8 59, F 7,
Fe;CG X ot 15 W0sd 558 b RROEEM 5.
Tisbb, BINEORIIMORS, B LB s
BE5H. ART-MVIRE, B, [H556E % 71370
WETRRINS. fIHE, BRI OEI—E TLIEIR
BELVWDHO (FlxiE, A BN, Fig. 1b£HR) T,
R LCHERSBERTE %, BR300 %
RS HEILTLIEEN E VR BB CH S
Hi U7z BN O 2R Y bV o 2RI % (R E)
T, BEPOLN~ZAT4 2 ToME (HA8RE) <
DTARY MVIRZERD7-FEF, Table 11 ZRT L5
W, BULIREE SRV O, F7o, WEESFEAHE L7
BN 2 ENEMHH L2 0TI, REEXR2Z MVIER
REWEEBR SNz, —F, A8k BN T3, BN gic
B <EiE—xE LT 1.15cm BEOXEXITHO7.
DED, RERC V585 BN ORI g~
Y= THY, ZOXSRGE, HEREERELEHRTS
&, i BN ZE{EIZEH L2 I’V D LD,

= Ciz 1200°C < 10h, WQ Bz, 650°C~ 1050
°Cx15h, WQ oZELIRE i U7 BERH 225, &
fEH U7z S e v X RET & 77 D7 ks R,
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Table 11. Measurement results of spectrum width
of BN extracted from steel C tempered
at various temperature.

Spectrum width of BN (cm)

Electrolytic [H,SO, (146),
method 90°C method

1 200°Cx 10 h, WQ->
750°Cx 15 h, WQ 2.12 1.77

Heat treatment

1200°C % 10h, WO
850°C'x 15h, WQ 1.90 1.65

1200°Cx10h, WQ—>
950°Cx 15h, wQ | 192 .66

1200°Cx 10h, WQ—>
1150°Cx 15 h, WQ L.58 1.42

FesC VMR BRI <, WTNIEBWTHFELs
Fegs (C, B)g 13 750°C~950°C iR FE#EHA D & D TIHE
L7255, 700°C TFTLLE Xt 1050°C TixEEsd S d
D7 E72, FeB kX UL BAL&Mida < Bk
a0t EAEHOE Feqs (C, B)g 12 600°C LA
FTHIG 970°C P ETIIAREE LB Tw5. Fig. 6
@ 600°C~700°C LR U 7508t 47 Hi B E & & BN
A BEEE & 02, Ao R ov o L
HiEEpE, FeCitElBE L-BELRAPZENBTEDS.
Fig. 7 iz, Zo4HBERIE L BN ABEEEDE
(Fig.6, BEfEphHEE) %, Fes(CyB) IO Fen(C, B)s
LLCOBEOMELZ X T, EHTToy ML, Hb¥E
T, XEREHTIREIC X 5 Fey(C, B)s BB OHEEREZ A
MeER L. Fig. 7 »obir 5 X 51T, Fe(GB) 1
R CSBICHHIL, 750°C f1ras5 Fey(C,B) i2fk
T Feyu(C,B)g BHTHT 5. ZDiE, Fes(C,B) =
3 950°C Pl ETiic T A EmS R o505, Th
VIhREL, KR 31 B ENE BT Fes (G, B) T
HWichHX T530THS 5. r-#kf © BN OFMIRIC

- ~ -~

Tempering temperature (°C )

@—® : B as Fe3(C,B) and Fey3(C,B)s
—————— : B as Fez3(C,B)s

Fig. 7. Precipitation behavior of Fe;(C,B) and
Fey3(C, B)g under the heat treatment,
steel C.

BI L, CmreMan 5 13 log[9B] [2sNJ=—13970/T +
5.24 ZHELTWVWS. R CoEE, 1050°C LT
13 BN DO HE &< v 2 E5E L, BN EiEfi
(Fig. 6, Eifrk) #BWT, K=[%BI1[%N] Z3tHE 7T
% X, 1050°C ko8 1150°C A $, 0T, KDENX
FNFER 6.1%x10-6, 1.2x10-5 175 %. —J, GHIPMAN
SOROYE, BN OWMEMIT 1050°C 0 & 4.8
% 10-8, 1150°C » & % 2.6x10-5 T v, Eito BN
B HOEMIIZALDE L XL —HLTV5.
=LYV ERT— T 4 v Z—ZROEENTERDbIND
EYH—~FKAr— FRDT 42 —TH5.
R R, R'I/k#E

-1-0- -G~ ~O-C- |- [ F/x7v¥

o e yro-oc; (sza)
AEBROERFKIGEE T, 77 X vENRERRE
100°C §ifs & ShTw52y, FIXTRENEHNE,
RSB X 0 7 4 v &~ EEFRELR (9 200°C) Bl ki
HET 5. LaL, fidoXx s, ANEHAEL TR
21E, T 4 v xR — 3R 5 Ak (fy 150°C) §5 2
Liel, MEFCRILASET. Hy ofth iz CO: MW
TS5 A<M % &, BN L ICRILEND DT,
T 4V E —DNECET D COy @ BN iTxd % #R{LIE
Argasnsg. 17, chiETofER (Table 3, 7,
8) #RAIED, FOX5hZ X ETVWEEbND.
i, AEOHE, Smg BED DEDT 4 VE—%
ERf g kLT 5%, R4 & LT CO,
iE, BERT SRS VENSZERELDIDTH A
‘j.

7. ¥

Erpetofk R, BFME-ROAVRBECL D, #@h
@ BN % 0.0003% FEOMBIE THEICERTD
FIERTESL Uiz, ERBERESEDX S THS.

1) BN 13 1390cm-t D ARYT MVIRE 2R
WEHRCX VIE L CERT 5.

2) HFEIX 0.8mg FTIHELTHEX 2. FeC
1% 0.05mg IRENRERTHS.

3) #HE7s FesC X 4% B FVEESRIAIRIC IRIET
5T ERXOSRTED. AL FesCl3iRiEETiise
LT SR TEILDT, 10% 72FNVT 2 PR
WERv, BRSBTS,

4) BHBRIF =V RT—T 4 & — THiE T
. T4 E—EIAESI v AREKIGEC X 2T
b3 %, ZRPTHEKILT S L, BN BZRLIhs.

5) BN [3&Ef:, Lo5FE A4/ —VELXD2TER

]l
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