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Analytical Equipments and their Work Condition at Sakai Iron Plant

Noboru MIURA and Takashi OTsuxki

Synopsis:

New analytical equipments and their work condition at Sakai iron plant which produces steel ingots of
4,500,000t/ year are described. Main equipments, which analyse rapidly (about two minutes for
one steel) and automatically iron, steel, slags and sinter, consist of an analytical computer. (Quantac
502) belong to two photoelectric vacuum spectroscopic analysis apparatus (Quantvac) and a fluorescent
X-ray analysis apparatus (VXQ). The analytical center is arranged in the office for converter plant.
At the 1 st floor, an instrumental analysis room, a sample prepared room and a water analysis room
is arranged. At the 2nd floor, two wet chemical analysis room, a fuel analysis room and a gas (in
steel) a'nalysis room is arranged. Alse, the analytical center is connected to the converter plant, the
blast furnace plant and the raw material testing center by the air shooter. The molten steel sample
at the converter plant is shooted by the air shooter and is prepared automatically bvyvthe automatic
sample preparater. Analytical results from Quantvac and VXQ is reported automatically by Quantac
502 as input of the process cbmbuter at the converter plant. Then, a new type fluorescent X-ray
analysis apparatus is made by Shimadzu Co., Ltd., is named VXQ-P, is attached the three program

scanner and the two pulse height analyser, and is used analysis of iron ores.

oo '(Received June. 19, '1968)

Wh & T O

AEAN 40 4E 6 B $ESE—E R 2 BtA L /o RBISRAT IS,
2EBOWEM 42 F£TAFE2/BIFICKANRELT, T
IAHSREERT 450 7 ¢ LSRRI 2 FESIL , ATERIER () I
BYBFHBMGF L LCHRE LA YA, TORE%
ENMLEVBBHEEL L O TEdD, HHEEID
WTHLAEMNCEHENLT S & &I AERESIC X 0T
WEFHIH, SHLEAFORELEFETAIZECESR
BFOTERL, BEERCESHL V50T, £OFR
REVELDTHEL, SBOFETHL V.

1. B __

FtT kA OF O  OFERM, Vo B RERHE 2
K D#9 230 5 m? OMICKIES 2 (B LG LTI
K7 (BR) MR ERE 20 € — FRHUREEGHT, 1
m? M7= hiy2 t/year - I WS R TH oL &
WEERSENEZATHS. Fig. 1 05dbrdLX5
S bt ORE OB 2 0RE D, REORELIC
WIDEEDOHNIIES B Z L L TW5.

Gty 2 —REFIBORBRCHLEFr . 4 — &

- A-BERRCREL, SHEEDD O L LBERISEVE

WMEARE L OEMABCTTE XS 008F . ¥, B
DRABTHLEFLY, BGIFTHERS IUFERHEAR L
— (WASLEE, 12— 28, 4485, FRELE
UBIFEARERL S0 e EoREFEREY) L3,
KEFRMBTERSIN TV 5. )

2. H il

SA A2y THERZELED, 2FEMNCTTOEY L
BHEIZLE, S4v - A=2vv T« THBAEESH
HHEZ L OTVWHOREFERITHS. D5 L, RS
WP AR OZ ANA, S, £ETREE, X5
X, Ao LEELETOHF—-—ETENOTRT
DRBOWEBZ—TEL T, BABROIMFEEERXL, Th
%, BINERNCALE SV, LA daido & 5 W EERIC

* BAE 4 BASBAARICTRE
1434 6 B 198 24F
w6 BB RS () F e T

—115—



% : W W5 E (198) H12T

1314

“"ALT “OD TIALS ® NOMI VLVMVA ‘STIOM Teyeg jo moke| - -Big

mw Suiqqels 6 <
VYO [epudny /] pied ploN @
Aenb jonpoad 9315 9| jueld 1uRAUOD £ =0
asnoyaaem jonpoad [a3s a8uey IpIm G 121U [eonAleuy 2@ DIPO IANIAUCY 9 T

snoyaaem jonpoad dins 0 pi 121u20 Sunsa) [elIIBW MEY ©

1ud Sunsa], ¢| juerd soeuang iselgq

1w 28uey ApIm gl piek 210 pazig ¢

Iitw Surwoorg [ pied 210 9pnuy) g

1w dugs 1o 0 Aenb 210 |

Pawibpas 3q 0y pasodoid ‘aug

N i
1)/
0
S\_Jl_»

p

it

l

| —

l ———med

/ 1 , ‘

IRl i — | \




UK R 5 o R & L ORBREC >V T

1315

Table 1.

Organization of Test & Ahalysis Sec. at Sakai Iron Plant. (1st May 1968)

Plants Blast Furnace Plant,Converter Plant. )
Wide Flange Mill,Strip Mill,Energy Plant

—Administration Dept.’

Sakai Works—
Yawata Iron
& Steel CO.,
LTD.

—Technical Research
& Development Office—~
—Production Scheduling Dept. "
—Maintenance Dept.

__Chemical Analysis

Group.
—Chemical Anal.—
Unit.
*Test & Analysis —Staff.
Section

Grou

—Testing Unit.

—Staff.

__Instrumental Anal.
Group: -

”S;mpling & Testing
(for Iron Maténals)

——Testing Group.
(for Steel)

—Technical Dept.——Technical Sec., Ironmaking Technical Sec.,
Steelmaking Technical Sec. , Rolling Technical Sec.

Test & Analysis Sec.*

Personal Sec.,General Affairs Sec., Purchasing
Sec., Clinic.

—Iron Materials Analysis.
.|—Alloy, Iron, Steel etc. Anal.
—|—Coke, Coal, Oil, Gas Anal.

—Check Analysis.

—Water Analysis *k

_—Quantvac & VXQ Analysis.
" '—Gas Anaylsis in Steel.

_ —Sampling & Testing.
I——Reduction Test etc.

—Test Piece-makiﬁg.
—|—Ordinary Test for Steel.
—Special Test for Steel.

**  Kurita Industrial Co., Sakai Branch.

Table 2. Iron & Steel Making Plant at Sakai Woks, Yawata Iron, & Steel CO., LTD..
Belonging I Blast furnace plant Coke plant* Converter plant| Lime plant**
Main product Pig iron Sinter Coke - Steel Lime
No 1 BF 2047m3 | No 1 DL Coal charged 170t/Ch. 120t/day
Capacity ' 4000t/day 4,800t/day- x 3 X 6
No 2 BF 2620m3 | No 2 DL v
5000t/day

* QOsaka Gas CO., LTD. Sakai Plant. ** Taihei Industrial CO., LTD.
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Fig. 2. Kind of analytical works and their classification at Sakai iron plant.
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Fig. 3. Transition of analytical number and quantity of steel
production.
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Table 3. Outline of analytical equipments.

Name of equipment Number Service Rough specification
Photoelectric 2 Rapid analysis of Made by Shimadzu Co., Ltd.
vacuum emission iron & steel. Excitation source unit
spectroscopic anal. (LVS & HVS)
apparatus. Vacuum type spectrometer, GV-200
(Quantvac) Recording console, 241000
Fluorescent- 1 Rapid analysis of Made by Shimadzu Co., Ltd.
X-ray analysis ironmaking slag, X-Ray source unit, 12350
apparatus. steelmaking slag, X-Ray spectrometer, 25000
VXQ) & sinter. Recording console, 245000
Counter: 9 element, fixed
Fluorescent- 1 Rapid analysis of Made by Shimadzu Co., Ltd.
X-ray analysis iron ore & Counter: fixed 6, scanner 4
apparatus. raw materials. Multi-channel monitor method
(VXQ-P) (cf. following)
Analytical 1 Belonging to Made by Shimadzu Co., Ltd.
computer Quantvac & VXQ. Word: Decimal, sign and 6 digits,

(Quantac 502)

serial, fixed point
Meémory: Magnetic drum, 3600 rpm
60 cps, 6400 words, 1-7 to
17 mS. access time
(cf. following)

Automatic
sample preparater

Cutting & polishing of
molten steel
sample

Made by Nippon Cutting Machine Co.
Cutting whetstone: 510 mm ¢
to put together with belt-sander
Full automatic control

High speed cutter

Cutting of steel
products

Made by ibid.
Cutting: whetstone: 510 mm ¢
Automatic control

Manual
sample preparater
for Quantvac

Polishing of steel
& iron ‘

Belt-sander: 200X 1,525 mm endless
Electric grinder: 355X 50 mm

Manual 1 Milling & briquetting | Rotary mill: 100 m/, 250 m/
sample preparater of ore slag Briquette press: 36 t max.
for VXQ Mixer mill:

Manual- 1 Boring & milling of Boring machine

sample preparater

for chemical anal.

steel & iron

Milling machine
Air hammer

XY, BEROMLEBREING.
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(continue) ------+.----Table 3
Name of equipment ~ Number Service Rough specification
Oxygen analyzer in 2 Rapid analysis of Made b§ Kawasaki Iron & Steel
steel oxygen in steel Co., Ltd.

Argon gas carrier—high frequency
"introduce heating—
melting—conductmetric method

Made by Kokusai Denki Co.

Argon gas carrier—high frequency
introduce heating—melting—
coulometric method

Hydrogen analyzer 1 Rapid analysis of _ Made by Naruse Scientific
in steel hydrogen in steel Instrument Co., Ltd.
Argon gas carrier—heating (1000°C)
Paradium separate—pressure measure-
ment method—lead by prof. H. Goto
(TohokuUniversity)
Nitrogen analyzer 1 Rapid analysis of Trial rearing
In steel nitrogen in steel :
Carbon Determinater 2 Rapid & micro analy-| Made by Kawasaki Iron & Steel
: sis of Co., Ltd.
Iron & steel Conductmetric method
Made by Kokusai Denki Co.
Coulometric method
Sulfer Determinater 1 Rapid & micro analy-| Made by Kokusai Denkki Co.
: sis of Coulometric method
. Iron & steel
Chemical analysis 1 Check analysis of Chemiical balance
apparatus ore,alloy, metal, Polarograph
iron & steel Photoelectric spectrometer
Analysis of fuel Flame photometer
Analysis of water Gas chromatograph
Water analysis apparatus

Air shooter 2 Conveyance of Made by Nippon Air Shooter Co.
sample & data card (cf. following)

Argon gas supply 1 For quantvac,gas in Made by Daido Oxygen Co.
steel & gaschromato- Cold converter 210 GLOX
graph analysis Capacity : 639m3

d) EEg WERF F144~-F o BEFO0~9), N, A5,

HEEETF roroxs— TAB, C.R., SPACE, #E
ER/EF S oRE~8HT7 V) TTm b) F—FIAIE 6B, 4~10F/sec, F = v ¥
v 7 Ey l\ﬁ
e) FLfE WA FI A4 3000/3600 [aEl#5/ min c) 7—FHEE 6 BfL, #910%/sec

A B 64003
R &K 20mS
FEftRF ImS
Fzvy HERBIVCXEF=v?
I —HhHofk L SEFRHL
(2) AHnEsE
a) 24545~ HFiERK 140 &£ 365 mm
B #i|E &k 380mm
ENF®BE 4~10 5F/sec

—121 —

d) ADZ#3E R f] 0~—100mV, HiJj 000~999
FEE 0.19%, WEE 0.24sec

e) EEBAS 6{HDY L —0MAEbETHEER
BHL.

£) EBHEH 10% £%5, Fr2VESEEIHT

g) EXHH 6B, £50V, 70mA, 4~10%/

[Quantac DEAE]
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D, TRREISINERESAET S L K2 DHE
EThH5.

44 HFLOEX X @Atz

IR EDGHCER ST OIDITEH L B O&N
X\ EEEZLE L, (k) BEREBEFROBHILETH
fELi. ZOEER VXQ-P LEEHT 5.

DEC VXQ-P o 23Ei T 5.

(1) X EWIC Rh-2—% 5 M@AL, £
BWRITTE O XBREE O L& I, D7D,

(2) EHEECTaR—vaFv- o2 — 2R
L, $EERNBLIRATS 2Lk d SN ttomF
&7

(3) FarS5axdrF—nAEIE, TR

(&) VXQ-P tid Pulse Height Analyzer, Program Scanner 3k
O Printer O3 SOMBERH TS VXQ L3 & .

10) F—4~Fi%
Table 4. Time-study of Quantvac analysis.
. New automatic Manual

Subject instrumental anal. instrumental anal.
Sample arrived, time record 8sec ) 13 sec
Sample prepared 35 49 -
Check of analyzed surface, setting 15 20
Analyzed (pre-spark, integrate, record or 65 . 105

typewriter, determinate, check of data :

and report) _
Check of excitated point and sample keeping 3 3

Total 126 sec 190sec
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& & M 3 5t £ (1968) ®12%

OTFE (Mgt~U®) ZEEFAELL, BERRREREC
I ORESWICRL L. EHESTDARE (0.1~10A
ZEfRIER) -

(4) XEBEWRAHKBEREAEBI XY, BHRBE
DL & T EROBYFFIL T D L DT,

(5) XHBEIEEE L Xe\Es v o e otRiEde
MR L, REOEHE B0 BILEZE» 27k,

COEBTHEAINTVWESKRBORI VT A VTR
Table 5iC7F. FOE»OHEBROWTIIEKTS.

¥, FTeFIa  AxxF—LREO2EOLSRLD
ThHDH. kD VXQ igu—5 > F- 4~ vEEE
BOTEOHNKAE (20) CiE>T BRFE THET
HAF x>~ 3BETRMIFTRE KX ST EESh
TWB, chi—$pEsTaEIbL230THS. 7T
BbhLEBEOTEYHOPLDRIRTEL XSV F
Lic?el5n - i— FEEDTAF v F ~OBEREY
L, BENTEONB THENCELEIREERTAF
YU XELIEER ARV — 2~ ba— N
IV ETEBIBETED ISR LEDOTHS.

L ORBRGUFEIITCERL 2flE > EITRT-

O RB e LT ASkRERER R (4 8- 4 $R), /AR
gAErERE (1058 1084FR), S EIRUREERH (6&-687
) I X OFTNARIGAE (48E-168 ) Z VT, 7Y &

v bE (RF 7Y U EBE 5% B TRIELRERE
Table 6 Z/RT. BHFOKREMREIXHEERE I cps) &
KAEEE (C%) LEBERERLTHELLLOTSH
D, HETECIHZRICEFASIRC I HHER LIV
EF 2~ R LD THS.

LR OBEXBOMERITT DYDY, £HSh
TREKEINI, SOEREILERTOIHELHELTS
TLTHY, R, Rz (LBO, 2BV 55,
Na,HPO, # B\ 5 55E)PdH 5\ idk ALOs HFEYZ K
LR ERRENLFEL LT T2 ZEIITER

ote. S b ZOBECOVWTREBRENEZRT S
54 D ThD. T Table 6 DOFERTIE CaO,TiO,
Cu, S, MnO, P,O; 75 ¥ 6 B2\ THAFICERE
e R v o 2B EDRHOR, MgO,ALO; &
XU SiOp oW TEw MY v ¥ ZABREEE T DLE
DHDH T EERBDI.

4.5 MPHAFMER

FEEWEH AR CHET 505 5 VI mEdhE T 5 KE
RREL, @5 ASFEEOfRLE L. OF
DrhbD EETREEYVLE LLE VOT REOR
w, BESEEELD, REOERRAGESLLD,
F 1otk Ut AR RERH R THHRD D VIS THER~
ELCLBRTELOTHEY PEBRLELLTTURE, &
NETOHEEECHNEEREMTE VRVSTVRE
ZHOTN5D. :

(1) MEEREE.---FEEY AGH, EAERE
BlEm(lgstEs - BLERY ob oL, RERAE
H(EAREEE) 0D L EREL, BEOEEIITICH
fzo T 5.

(2) KEEZEE - FEHEF ZER, gk,
)85 oY NEEEREIEEY (REZRZRRD 01O
PHELAESHEE 01 ppm DL EORBEERIEL <
FEBELTWVA.

WEFROEEB D, bk bk X RAEEREILT
L VEREO X VRESBORHILT, 4
1@ AN RRERB O R AL TRSPFIND L
ZATH5:

5. BIEREE

BESFEERREL T DL, dirddoLdbd
LV SHRESEHIALND L5k b, XORET
REHEEOBMIARY. it X HHEBBEL <
BHL TV 5 2 & SEAECERA Shick LTHRRL

Table 5. Mounting of VXQ-P.

Mode Element Spectral line Crystal Counter (Window)
Non-dispersion Monitor — - K proportional exatron (Be)
Dispersive Mn Ka 2°103A 4"'LiF ” ” v (7)

air path

p Fe Ka 1'936A ” y y v (7)
Dispersive : .
vamaum path Si Ka 7-126A 4"EDT Ne v #  (Be)

P P Ka 6°155A 4"Ge ” 4 v (7)

” Al Ka 8-339A 4"EDT ” ” 7 (Al

p Ca Ka 3-360A - 4"LiF Ar » 7 (Be)

” Scanner I 2:83~10A 4""ADP Ne y 7 (Be)

P Scanner I 1:07~3-77A 4"'LiF Kr ” #  (Be)

v Scanrer I 0-36~176A 11""LiF ” ” v (7)
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Table 6. Analytical results of iron ores by means of VXQ-P.

=

omponents | Wavelongbl et b | S0t en | Fomula of Arebyte) orer
kV mA (%) g curv od d Oh o1
CaO Ka 3:360 | 3010 | 0-03~6-6 | C=0LXIOH 10057 | 0-007 | O gg;" (8f%)2
Si0,s Ka 7126 | 3010 | 12 ~g0 | G=USIXIOZ 1 o-15 14 0-003 (g (1)3) (?1?3)1
ALOs Ka 8:339 | 30--+10 | 04 ~66 | C=1"17X10% 1 0.068 |_0-006 S0 (g%f
MgO Ka 9°889 | 40----30 | 0-04~5°5 C=5'7>S>f5’(;?16 0-097 |-0-024 (g (1)8? (8:%?
P:Os(low) | Ka 6°155 | 4030 | 0-02~0:06 | C=#3%¥I0%% | 0-00s8—0-0004 — (8ﬁ 823)1
P.Os(high) | Ka 6155 | 4030 | 0:06~07 | C=83x100 1 0-0058-0-0004 J:00% _
S Ka 5373 | 40....- 30 0:007~117 C=6'6;<x110_-6_24 - 0°015 |+0°0028 ((3) 2;)1 (83?3)1
MnO Ka 2:108 | 4030 | 0:03~1-0 | =300 ) 0-062 |+0-013 | 01007 o
TiO; Ke 2750 | 3010 | 0-04~8-0 | C=133X107% | 0.040 | _0-004 (gjggf (828(5)?
Cu Ka 1:542 | 40-----30 | 0:001~0-1 C=5'§<7>1(1_06.‘10 0-005 |—0-003 (8:882) <33833>2
[ORTTER Percentage of component in iron ore

Ieeeeen Intensity (cps)
gg= \/Z' {(VXQ value) — (Chem. value)}?

n—1

Y (VXQ value) — (Chem. value) (
n

d.:

NEROEEFNBBCEASND b NNy 2 H4FT
RELWHIHETSH 2 Z & DRI v, YR
B SBBSWEEEECHZ > E0ihR5.

(1) 2@DEVELESHEDEDEHE
R—ABZEVRL 2ESHLTHEb LV E T4
BEOR V2O WELR L, D 6, NICHB L%
B, BREOBRVELE LA O ML BT S .72
KU gw: B2 by 2 SHATANIERERZE, D'=212
(2) EBEE:DOEDER
FEPEBRORICRERBZ ST L, EEEL S
ELHEEL, vdw RITHB L 2FEID, BBROEE
BELY TS, 60 R, u=2

(3) f{tEFHEEDEDER

(1) ¥ acE&E L ERBEZ5KkER—EERTIN
TILESHL, B by I BHEE DED 04 RTH
SLLETEID, BROEFEGSIUCABOR YKL
BEWNCIIEET 5. 04=213u%+ 0%, o5 LSRR
PIZHERE

(1) J U8 A ERBABD 5 %% iK%, IHr Ok
ERF| EREESNH & LTSS ICHAS L
REH 2 EPCIAY X4 TW3) 12T JIS{L2E Mk ic E
LEERL 2B MEfTV b PNy S BHFEE DX
7 LB U AT YRR OSHEE A —V 54 XT 5.
[ ﬁ]_}_—_ﬂ,

------ Standard deviation at high content
------ Standard deviation at low content
Yoeeees Content,%

» & M =

BINEFOBICEOTHET 2SHMERNTH VT,
SEHPOBREF D EREERBOLNE H VAT X
ZTbhbaRETHD. KRG TIIEETIEMNER
TORER L EERPERTORECEREEOEE L
R IR SEFEORREC>VWTEDEEL LD
T LD TR

ULxrL, REOEMIIEBIEATED, KREDRA
BLTTRHEBIZE O TVEERDS. SLI1TX5
CHRESELTOA T4 VBT DR ITOWVT
XY —BOMRERNBLELLAS.

B CHSMERBC OV TR TIRE g o751t
AEBBEREFSIERCFEEOBBLERT L LD ILE
BEORRLHT SNIYFTHNSREF B =K iciEs
T5. ¥, BREMECH NGOk x — b —&AR S
LI ITHBHE, 7F— 2 —REC B Wi ahra
EELCHERETS.
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