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Fig. 1-1.  Gross output of hot rolled mill in Japan .
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Fig. 1-4.  Effect of sulfuric acid concentration on velocity of H-APL.
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Table 2-1

Chemical compositions of typical stainless steels.

Stainless Chemical compositions ( mass% )

steel Fe Cr Ni Si Al Ca C
SUS304 Balance 18.1 9.1 0.7 0.002 — 0.06
SUS430 Balance 16.1 _ 0.3 0.001 — 0.06
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c 8 I Laser beam
o
S
- 6 ZnSe Lens
e,
©
o Over surface (+)
S 4 V_1 Defocused distance
as Sample Under surface (-)

2 Focal point

0 | | I | [ | l

8 6 -4 -2 0 2 4
Defocused distance from focal point (mm)
Fig. 2-1. Effect of defocused distance from focal point

on penetration depth.
Sample : as-rolled SUS304
Thickness : 20 mm
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(mm)

Penetration depth

14 - /

1217 —@— 10KW He
: —O—— 7KW He

—h
o
|

2 8.3 mm/s

o =41 I I I I | I ]
0O 20 40 60 80 100 120 140 160

Welding velocity (mm/s)

Fig. 2-2. Relation between welding velocity and
penetration depth.
Sample : as-rolled SUS304
Thickness : 20 mm
Laser output : 7 and 10 kW
Assist gas: He
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H y (Load 300 g)

/ HAZ | _ weld bead

Sample
[ —— Laser
i ==:Armm MIG
300 |- 713
L BV TIG
‘[] 1 .
.‘ HAZ width
250 i
200
M JAN
A;ZX
150
HAZ(Laser) HAZ(MIG)
Y HAZ(TIG)

CL :
Distance from weld bead centerline (mm)

Fig. 2-3. Comparison of hardness profiles of laser,
MIG and TIG welded joints.
Sample : as-annealed SUS430
Thickness : 3 mm
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R20
JIS 73126

26 |

o4 |-
__2F
7))
GE) 20 |
= 18}
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- 2\
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o ]
20" @ Laser D\
- of s
Z . A MIG

4r U TIG

2 -

0 | |

0 1.0 2.0

HAZ width (mm)

Fig. 2-4. Relation between HAZ width and number of

repetition up to break.
Sample : as-annealed SUS430

Thickness : 3 mm
Laser output : 10 kW

36



09SGZ 098Gl 909SG

-

g|dwes

wu m.m . wmoﬁvﬁoﬁarﬁ
0¢¥SNS : spdureg

098 6T (€) © 1998 G (7) * 998 G (T)
'SUS] Pasn pue maU JuISn UT SP[am I3Se] JO SAINJEaJ [RUOIIIS

'09s G2 (€)

'09s G1 (2)

'G-7 31

ww §

1

(sewn 0GH‘L)
sus| pesn (q)

sug| maN (e)

37



Fig. 2-2(Z7RT & 1) 8.3 mm/sOBEEEEICE L TT kWO REMEH T13499 mmd & H3A
&%éb#%%ﬂtu.b#bMMW@%E%&ﬁEHuTUHmﬁmtHﬁ&%éﬁ%
S5ND. > T, BATNREL — ¥ —FEBOREEN I I0KWHIELTH 3 & 48 L
1.

2.4.2 HAZME & $9t%

HMEOWEICET 2L, P+ LE—FHEHBRE ATV Y NERRB DL S,
@‘iéﬁ%ﬁb"—ﬂ’iﬁﬂ:ﬁﬁu%n’(mé. LrLadHs, Z2<0a—-Wlk)ig) R UL
ETVWED SBIRET OER S 1 Il 2 FEBHOWMRTIL, B8R LEITRE
PERCEASNS. HAPLICS T B3WMEE TId, CrR X7 L AR ICEH
&Y, HAZBDP SOEE TH-7/-. Ihid, HAZEH LEVBEEEEAL -2, B
BORREMN S <, BELFFTHBIIEH#RLTHY, KELEAMIC L SHAZBOR
BHIBKEEIMEDET & & UCHAMOM T £ BRET P RET 5 bDEELS NS,
HAZEB D&M & HEMR § 5121349700 C TEHARIDHMIIE £ T DN —fERITH 3 H, &
MITCBNT, SEICEBET I BBIIEERBEET I P DETH B, i
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Table 2-3  Specification of 10 kW laser beam welder.

Thickness (mm) 1.6 ~ 8.0
Strip Width (mm) 650 ~ 1,600
Tensile strength (MPa) Max. 980
Type COz2 Laser, Unstable
Oscillator  |Output power (kW) 10
Laser gas CO2, He, N2
Material of window ZnSe
Length of path (m) ab. 19
Beam Number of mirrors 4
transmission ZnSe lens or

Focusing unit

path Parabolic mirror + flat mirror
Focal length (mm) 254
Shear type Dual cut shear
Shearing force (MN) 1.47

Welder Welding velocity (mm/s) Max. 167
Wire feed velocity (mm/s) Max. 250
Assist gas He
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SO R R N

new lens ~ used lens

50 mm

white parts
(residual strain)

~

N\

new lens used lens

Fig. 2-9. Polarizing photographs of new and used ZnSe lens.

Left side : new lens
Right side : used lens (subjected to welding 1,450 times )
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50 mm

Fig. 2-12. Photograph of focusing unit with parabolic mirror.
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2 ’ cerssse Jeeerser - Cleaned parabolic mirror
—&@— new ZnSe lens
(1st time welding)

_1or
E
E
< 8
O
[oh)
©
IS
m
B
=
o 4
Q.

2 -
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0 50 100 - 150 200

Welding velocity (mm/s)

Fig. 2-13.  Comparison of penetration depths of laser weld produced

by using new ZnSe lens and cleaned parabolic mirror.

Sample : as-rolled SUS304
Laser output : 10 kW
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Fig. 3-1. Schematic diagram of the annealing furnace in H-APL.
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Table 3-1 Chemical compositions of a ceramic fiber roll.

Chemical compositions  (mass %)

Si02 Al20O3 CaO MgO Fe203 balance

32.9 63.8 0.12 0.01 0.80 2.37
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Fig. 3-2. Schematic diagram of the ceramic fiber roll.
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Fig. 3-3.  SEM photograph of the ceramic fiber roll surface.
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Fig. 3-4. Photographs of build-up products.

(a) build-up products on the ceramic fiber roll surface,
(b) SEM photograph of a cross-section of
the build-up product.
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Fig. 3-5. X-ray diffraction profiles of

(a) the build-up products,
(b) the ceramic fiber roll,
(c) as-annealed SUS304 hot rolled coil

and Co K « characteristic radiation was used.
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Fig. 3-7. EPMA line analysis of the build-up product
on the hearth roll.
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Fig. 3-9. The growth mechanism of a build-up product
on the ceramic fiber roll.
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Fig. 3-10. Schematic model of the relation between
hardness of SUS304 hot rolled coil(Hs) and
that of ceramic fiber roll(Hr).
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SUSBO4 hot roIIed coil V1 —»

o RO NN O PN AR

T .

IN % zs:earrgllfst { clutch
build-up
Roll A product Roll B
(b) dressing operating condition (V1=VA, V1=VB)

Fig. 3-11. The method of roll dressing.

V1 : Velocity of SUS304 hot rolled coil,
VA: Turning velocity of the roll A,
VB: Turning velocity of the roll B.
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Bending roll
Clamp Cylinder for tension

Fig. 4-2. Schematic diagram of
the experimental assembly for scale breaking.
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Wheel

Shot particle

Table Specimen

Fig. 4-3. Schematic diagram of
the experimental assembly for shot blasting.

81



Table 4-1  Chemical analysis of pickling acids.

Metallic elements (mass%)

Acid Concentration Temperature
(mass%) Fe Cr Ni ()
(A) Sulfuric acid H2S04 =25.0 5.9 1.7 0.09 80
() e e 4.5 2.0 0.9 60
hydrofluoric acid : : :
ydrofluoric aci HNO3 = 12.0
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X-ray diffraction profiles of the specimens of
(a) as annealed SUS304 and

(b) as annealed SUS430
and Co K « characteristic radiation was used.
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Elongation
direction

Fig. 4-6. SEMs of the surface of samples. 100 xm
SUS304 (a) as-hot rolled. . SUS430 (e) as-hot rolled.
(b) as-H-AP annealed. (f) as-BAF annealed.
(c) after 4% elongation. (g) after 4% elongation.
(d) after 8% elongation. + (h) after 8% elongation.
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Fig. 4-8. Relationship between the elongation in scale breaking

and the hardness of the specimen.
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Fig. 4-9.  Effect of shot blasting on the hardness
of the specimen surface.
( Shot blasting energy is 110 kJ/m?)
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H2504=30 s, Nitric-hydrofluoric acid=30 s
O ; completely descaled

@ ; partially descaled

===, descaling limit

H2504=40 s, Nitric-hydrofluoric acid=40 s
A completely descaled

A ; partially descaled

== w1 - descaling limit

H2504=80 s, Nitric-hydrofluoric acid=80 s
W ; completely descaled

% ; partially descaled

; descaling limit

C\-JE . ; Former descaling condition in H-APL
. D ; Present descaling condition in H-APL
g 200 [
O O O O O
150 —
H-APL
O O []O O O

"o

, . @
YA T, A A A
* “Sr., ¢ ¥r
ol—w>d a1 A @™O— '
0 2 4 6 8 10
Bending elongation (%)

Fig. 4-10. Descaling limits of the specimen under various
bending elongation and shot blasting energies.
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Table 4-2  Characteristics of stainless sludge
as sampled from pickling tank.

(a) Sulfuric acid sludge

Chemical components (mass%)

IOS Wwater
(kg/nr) (mass%) Fe Cr Ni Balance
2200 25.1 16.9 30.7 0.1 52.3

(b) Nitric-hydrofluoric acid sludge

Chemical components (mass%)

s W

water

(kg/nT) (mass%)  Ra Cr Ni Balance

2200 34.3 199 425 1.1 365
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71500
% A CaS04+2H20=0
o | o Ca(OH)2=A
21000 o oA FeCr204= A
= o R CaFz=v%
g %0 0 ? l” T 4 - A 4 Cr203=
e A
£ llal lr, JELES Thbd ke, ke
20 30 40 50 60 70 80
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(a) Sulfuric acid sludge
01500 |
N A
8_;1000 — N N #
§ 500 h Alm n A A
g . . I A mA l n e B
T, l |, I | I || |1 h‘ ]
20 30 40 50 60 70 80
26 (deg.)
(b) Nitric-hydrofluoric acid sludge
Fig.4-11. X-ray diffraction profiles of neutralized

stainless pickling sludge
and Co K « characteristic radiation was used.
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BLPERETVIEELSND. ZOETRICITRDESY TH 5.

Fe203+1/3H2—2/3Fe304+1/3H20
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Po, CEETE, TV # LElngham)DBIGETFEHRE(AG" =RTInP,-BERR1)
TRENTWSB., COFEATTZLHD5850 TCICHENT T —ILDRED T H BFe203,
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E2ay b TSI X2—MROBETEHEAEDENVLETH 3.

Fig. 4-10ICRT LR F A o FEHB LTV ay T SAMEHIILE—HKE
CHEBIHVWBRZ T —IVICET 2RI EMHEEINS. €->T, EETORI 75— ILiIE
1213811, SRETE, AR, BERRBELANNVEEEL, BRBSLUS 2
5:zb@%%ﬁ&ﬂﬁébﬂﬁ%&i?éﬁgﬁﬁé.Hmmuﬁufmmwcﬁwé
BENDETSDEEZERB LA -V TL—-h—D8BEEHE2%EL, Y3y b TF7X42—
IXNF—IE10K * m2& L (EREBMEAIELS %, ay FTTXE—TZILE
—370KT - m D). & B ICEESEMETIE, FESERAES massh, B3 5B 14.5 massT-F
BR12 mass%, 5 >1b/KFTEER2.5 mass% (FERISARELEE 20 mass%, . >ERE12.0
mass%-fE B2 10 mass%, 5 - {b/KFEE2.0 mass%) DEETEEBEE TN Fh3 0B e T
% 2 & TSUS430#IERT (CH W T40 m/min & 3ZRL L /=. —F, Fig. 4-7.0OBEERIBER
R EHV, SUSI0AMIEET (ISUSA0EIERT L WX T — I BEHTHY), B —
WMRFE A DRERETHB50m/minE#A S. > T, SUSI04EIEEHE IH-APL
DEEEHE T H 350 m/min¥ TOERIE £ ER L 1.

4.4.3 2 Zy TR

XIREIT 217 5B S, Wk, BI-BX Ty JHEBKROFM LY LEL : 1TDO
MIZETTS. LALENDS, KPEZ(EATVWSLOXBRFTDRAENFNTEZLI %
BECTE0ICE, SSCBSCOHERRERMLEINIEES Ao, HBELHL 140k
RBEB -0, WER, MI-BIXSy VOMANRICKMEE G V) DNTRIEEE & - 7=,
RFLRBER Sy DOXERATOHER» STREEX T v TIZIEFeCr2O4, Cr2O3DAIC,
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AT 2 L AR HER D ICE TN TIEVE LVCaS04 - 2HOPTFEL TV B, ThidH >
TYLTUIRBEEX T v DhORBE S & ERR Y

H2S04 + Ca(OH)2 — (CaSO4 * 2H20
CEIRISLERLAEBDEEASN S, £/, CaOHRNOE— 7 HEIR A h, hfIYE
BIECCaOHRARMENT VB I RIS N HI-BX Ty VOXIREIFERE»
5, FeCr204, Cr2038 £ WEBRIK T 3Ca(OHR2D E— T LIAMI X T > L XL SHE AL S
ICEENTROVWEVWCaROFENIERBEN. TRV LTIV T ULAEZXT Y ShDHE
So B EHAIKIZ & B PFMRIC

2HF + Ca(OH)2 — CaF2 + 2H20
TERLEEBDEEZSNS.

UEDBRPSHET T2 EBAEXT v VEBRT 2 X7 L ABMERED X7 — LR
/n\.ti, FeCr204, CeO3TH 5. T/, RICERME L TFEAE N /A-CaNO3)2 (L FABEME D
ML, REESW G-/ DEELSN S,

4.4.4 R Ty DR

INETDHFCT, MEBEEXT Y VEHI-BIX Ty VOEDIEFeCoMud LT
CeBEEFELLDBDTH B EHNHEIREINE. X7 L ABERHD X7 —ILOERK
iZLee!) 5 5 & UOgushi 3 1 IESEHEDSUS304 13 Fe203, FeCra04, NiFea0d, Fe3Os, &0
CreO3H SR E N, F7-MRHEEDSUS430(3Fe203, FeCraO4, Fe3Os, &L UCr03h 5
BREINTVWBRERELTVWS. SOANERBERDL S, RT—ILERHEXT v VAP
ERMICBRUKD D SHEBERENTVE I ENAEEE N,

Y, ATy UDEREIBERNT 3158, B, WA BN - UNEEBTE Y
ERFILATNEES V. BRBSLUBES-BICIECRO3ILBRE T, /-, sty
IDWVTIE, FeCrOsldiBMYE ¥, FeOLFa20sidBMT 31319, #6517, cnms LU
FeCroO4 3R S VA > B S v VOB E L TREHEWAZEEZ SN S,

DL, AT U IBIERBEOBIEX 7T —IVICIZBBISERR L & W B{EM & BT
SMIEMOMANTEET S, BICBERT A5 —IVIBERPTEBI A OWEE:

v, BIOBBELEVW S —LiIZiRHRE D SEENZS Yy VLB BEEZASNS. Thb
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ND#E ZFIZE D EFig. 4-12.12SUS304 5 £ USUS430BIE SRS DB BIZICH T BB R4
7Ot XERT.
1) SUS304Z8IESRHE DB E

(a) BRI

SUS304ZAFESH 0D X 7 — JL(Fe203, FeCraO4, CroOMWIIE B DI Z v 7 EFBEERS b
Rons. FIOFERISH-APLESHF TOR MM, SEE LEBEICET3 X5 -
ERMOBBIRENDEICLZEEDNS. FAFNOMBEIERITF203=12.5 - 100K,
FeCr204=16.6 + 10°0/K, Cr203=8.7 - 100/K, SUS304 (B#) =18.6 - 100K!>10)c &),
CHORELBBIREEN T —NITIS v 7 EELCIE TV S, E20ERIGBEEESH
EN/SUSIABILSA® (CXH L TDRX =T L —H—8LU a3y bT5X82-104& 3
ADZHVBEZXr—ILERTH 5. BRIy 78ELCTVWBISr—ILl LT,
BRVNESRICATRT—NLVERHBET 260D EEIOND. [>T, HIIRT LD ICE%®
AHCHBVWTIRIERZI T —IVEhREELE STV 3,

(b)FREREA

WiBR (SSUS3O4BRIEMHT D X 7 —IVICRE LB DTSy T EHBE LSS » SEA
L. FxO36 S UBMEBHBTS. COERI/BMEITr—ILBs LU —IVERT®
BENEMBYIZ2Z&Ilh 3. /2, FeCnMECROIIRBICTEMRLAVDT, &N
AR BTSN ZRIERMEBX 5 v D& U TBHEBICHIET 5.

()R A - BRBE %

MEREOERTIRAT, XA7—ILREEACEBRAICKEEL TUVEL. -7, B
SBREGE TIE, MBRICLURRETE LD 2 1eFeC2ME LU CnO A ~BEX 5 v U &
L TEEIBICIEIET 5. A -BEBRE TR AR LR X —LERICI A, MBI &
BABEADREL VI LARBILL XYy MEEDIR B H D EEZSN B,

2) SUS430EA IS DImE
() BRI

SUS430#AIESEH D X 7 — )V i$ o -Fe, FeO, H LU FeCrouhTEET 5. £/, Bt &

A=V EDERICIECOOBATEEL TWA. XF —ILIZIESUS304BIE SRS & FHEIC
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2=V EBMOBBIRERDES L UAAZ AR =LY Iy I AT &
Eio5Nh3. ThENOMEIREIL o Fe-14.6 - 100K, Fe0=12.2 - 100/,
FeCra04=16.6 - 10°0/K, Cr203=8.7 - 10°0/K, SUS430 (B#) =15.8 - 100K 510 c 5 3.
SUS430HESR#H D 5S, SUSI04BAIESHE (CLEE: L TRMOBMBEEREI /N &, R4 —
WOBBERFHISEVMETSH ), £/-BAFEFRA L AGEHAERTH 5 -OH-APLIEHIF %
FALSE CHEL, FRICMEBSHNEELBNEVIE-EED. 5T, ¥
—IWZT7Z v VIRABHPRIBEETTEESLEWEELSN S,
(b) Wi EREL %

BB (3 SUS430#ERT DBAFIRH S L U X — LT L —H—TEL LTS v 7IZEA
U, a-Fe, FeOBLUBMDICIB % BT 5. I OIEAIZSUSI04E IR & FHE(C,
smmwﬂﬁﬁﬁmgﬁtX#—w%5£017—»ﬁﬁt®ﬁéﬁ%%6@6@5%T
5. LaLars, A7r—EBMBICIECNOBYTFEEL, JOXF—ILIZREEIC O
&o@ﬂ%%%b@mtm,MX7—wﬁ%K%<TH6§Htaé.ﬁoT,m@&
FBFEICHE W TIISUSA0MIEARRED X7 —IVIE—HFA T OERICHBES h, FHEEX
Ty ELTIE, BISHEEEL L UVFeCnnoud LUCnO3 B A& ICIHTET 5.

(C)BE 3 - BB

WERELEEAZ IO H W\ TSUSA30MIEIRHREICTZ > - BRD X7 —ILid, 5 - BRERE
ICEWELICBREEIND. ZOBIRICLFeCnOs, BLUCROIIHEA-BEX T & &
LTEEEICLRET 5. fHS o BARRE TIZ ISR U /2SUS304 20 E S & [FkE, B X 4o —
IWMEREREBIENR B LU X7y MEEIRIH DI EEZLS5NB.

4.5 B X — VEAERELEDE R

I0KkWL —% =B EAS N, Y1724 LEICIE20m/mind 551 HETH
6%%mmmm$T®%Ekmﬂ%?&ot.b#b@ﬁ&smmmﬁﬁﬁ%u%%z
F—IVEDIRIET H 3 - REMBOEB S L S, BEREREARE L THRS20 ov/min T
St. LPLEDS, AAZANMEIr—ILEXIALBIr—ILOSEIC LY,
SUS30428 L st DR FEEFE 1350 m/min £ T, F 7-SUS430FL LR D IR ¥R FE 1£40 m/min
ETRIREE L o 7=
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4.6 L
AT L ABIRHEICEAT B r —VAEBRMICEL T, UMTo/RREE-.

1) 2SR DBAFBRSESRAF IS FRE T H X137 vol%H2+93 vol%N2, 1E$HERERS0C & T
BIEICEN, TP DHFBIEMERTIE DI EHNTES., LALENS, C2O
BT A ENTELR L,

DAT—ITL—h—BVBZEIlLY, BELODXT—ILZBEL DTSy 7% A
NBZENTES., £/, BEFEINKEVWEERIXT—IVEBREILLES. LrLENS,
SUS430BIESATR S 2T — IV T L —H— 5 HE 2 E TRMOMIBIEIrE8ET 5. - T,
NSEEEFIICRBUEIRASHEEETULIEZLZZENTER L.

3)ay bTIXZ—2HVWEBE, BRIV F-EREITIIEICLIERS
—WWEBRBIZHE B, LA LEDNS ZhIZ LY SUS430BIERH OISR MERE » S5 HI50 4
omETRE Y H—XEEP0ELTHY, ZOFBIIHI00 xmDES £ TRD SN
5.

4) SUS430%4IE S (3 BAFRSBE £850C, X7 —ILT L —H— DR ABMEHIEBAF
CHETIEEDESDEEERBLBE2%PEYTHD. £/, ZOBE 3V TS
ZE—IXNE—FI0K - m2 ULV DETHS (RRBEUEEHE15%, Yav kT
FAR—IRNE—T0KI - m2) . &5, FRESEBES massh, W5 -BREL4.5
mass% (TEFR (LIRBLRRE20 mass%, B85 > BERE 12.0 mass%-FEBE 10 mass%, A ->{EKFE
B%2.0 mass%) DRETHNIE, BEBRBREZA TNV ETIIETT 1 UERENL
m/minfE (3 ZFR TS, —7F, SUS3041ESUS430ZIEM ICLEE L TR X 7 — LA IERICE
S5, EETIES0/minDIRERELEEL TW3.

5T, WBE, A BTy VERIS—IIAAZILIZE L TUTOHR #E1-.

5) BTy VROEEAA & L TCOREN 0 mass% EBA TV S, —F, Hi-B
AZy YV TICOREN 40 massh EHBA TS, CThoDEIR—MBIE T L XHIER
HHICETNACORE SR LN BIZHRA.
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6mU$M%ﬁﬁ%®HAmﬁﬁ%®Z7—wﬁﬁu%m&Fdh@ﬁ&UTmﬁ?&
é.—ﬁ,ﬁ&&%ﬁﬁ%m&ﬁﬁﬁ%wx7—wﬁﬁuw&,RQEMM&,B;U
CRO3THY, CeOsBIE X7 —IL EBMOREICHEET 3.
nm&z5v9&%&0M15vﬁuz&—w¢®&&meuxmm?5U,%u
BRICBBL 0,
&ﬁx7—»xb:XAu,%f,@ﬁx#—»tEMWﬁ%ﬁﬁﬁxvxﬁ:ﬁw
MZ7—wu;UiUtx#—w®7ay7cﬁlb,%Mtz#—»@—%&%%?
5.&&,:@E%@mcgU%cﬁﬁb&ux&—»@@@x#—»ﬁ;ﬁﬁﬁt@
%%ﬁ%%i.%&u,z#—wu:4wmiﬁﬁaﬂ$én,zayvtLT@%%
E%%Té.%L:wmwﬁﬁﬁ%mx#—wuﬁ%ﬁﬁﬁBEREX#—wﬁﬂﬁu
RESEHICHLAT 2458545,
-9wuwmﬁ@%%wsmmw%ﬂﬁ%ukﬁbf,mz&—»ﬁgg?ﬁé.
1mxh:ﬁwMZ7—wt7sﬁwﬁx7—w®%ﬁ&c;Ummﬁmﬁﬁ%%®&
FEF 350 m/min ¥ T, F 72SUS430#4 IE S DR ERFE 1340 mvmin E THIEE & 7 > 7~
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55
ESEEREIIET 3
Bl B - BORE O BB

5.1 1

F2ETHENZIOKWL —H —BEEOBAICL Y BEOY I VL1 LEEHT S
ET, HAPLOBREEE 271 I TH 2RSS0 m/minE TEIF B Z &£ £#7J6EE L 7=,
ESIIEIEBSL VBBV TN XA ILETORERTE L USFRIEBE I — L
ALIRFLAN TSUS304Z4FE AT (250 m/min ¥ T, SUS430FAIESRH 1£40 m/min ¥ THOEE(L %
ETLE

SR EB R — WAEBERMICHEWT, WX T —ILRR (X5 —LEWEODRERR)
DEREEHAPLICE B3 X W ZANEIX T —ILVERTIIEL, TIHIBEIS—-ILER
THEAIENBZW, ThOHE, BMRENVEYITEVNIEPREETHY, BX7r—ILFR
ERLET B -0ICRBICEVGCBBE R OBMILETH 3.

BICEIBMR T —LENOEBELRFELBIER I, |)BEE, ) BEES LU &%
TAVRETHS. ZOHFT, REEIBEESICHEBINLEEE Y-k EIE
ENTWA—HMERNTHS. BEEICEL T, MBRES LUMBIOKEES
MEREILEATVS., LALENS, BA-BROME, 3~ {bkEREES L U%
BREDMEAIREZRETIRARELANAEERES ATV ARV, £-T, BEED
SBERDY LTI 72TV, BIETORBINELUFESIMEERL TVIDN
BIRTH3. 2O, 4B, S8EBICIBE V- AEEICEVWMIEY FEHEST
ué.%%uswésﬁﬁmﬁﬁgﬁTu,m&%ﬁm%é%mm%banmm%m
A >BPOEEE T3 12 mass%H 58 massh N, 5 >{b7KFEEE TI32.5 mass%h 5 1.8
mass%e NDEALNEL, TOTRIFOBICERS., -7, BEERTICHEIEIS
—VARRFFLEDADIC, FHRERELETII 2V, BMEERT2FAL TBEBOIBA, B
MEEBLZLLY EOBERHOELEV L TILICRELTVS. LALAY

I
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5, SREOTL, KB, WESLUSI REZEOTELH BEEEF A= (TEL
TWBDHFERETHE. ZOMBELBRTE1-0, BecOBEE, SHEEMTS LU B
LR SO RIEEA RIRECH L O MEBERRE T3P UETHS. £, &
NS RBLBERES, 7O X0 ERRTEIEFAREE LS. &5(2,
MEE 5 SMEBICER LBEROY > T UL T E8F5 2 TY TR 1 LOBIEIKE
FIET A ECHBRIBE T OIEr TENE, FEREEE FIF5 2 & AR
THB.

BUABENRES L THBES SUBMMARTOMT £ L ICKEEAND. ZTORE, Wk
AMOREREIAEZFBETIE20, BLORIINETILERN & 5. 4510
B3 BOEEFEI—RCERE SN OINE TCICRADHFAENBEARENT
W3, IRTEE TllEriksson 5 DIWBAR L, LECOM THIERD SN TV DB r 5 3.
Tni, KEAA BB SR A A BETRE 5o (KRB £ AR L, S
BETEBAALEUETIHETHS. £, BESVELFOHBTERL -BER %
MERDEBERR 1 4 O TRBEAVTHBEL, KBS AL BHEETRDI>EA A
BTREL, BEROEELAEHREL TUVS, /- Takahai 513 S o 1b§k 1 4 > &1
FORMBEROTHBL, HEEEA T EBTAEL, %1 4 BE IR EE
THMULAEERELTVE. &51200ud 1+ BEO& 5BV -EBENTS £ %
WO TWB. LALEAEYS, ChoDA* 8BRS CIREDENEE B AKX TIL,
AR EET 32 &, EAHBEREESEOSILE & TRENEHRICH - 1) i
BTELWEEDRBENIHD. DD, FF1"NODER*BE L, EICiBES
ENES T, ERPORELSHAEDHEES/EL-N T3S,

KETRINWSOMBEAEBERT 370, PMEEEEBEKEEE B B, &
AoBEBATEBORRATEES M L AOEA >0 THEA 3.

5.2 EE2
5.2. 1 FIEH L UHRE

MBS UTHEI - BOLBREEZAET3HEE L THRMBEEEEHAL 2. Bi-
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BOIZE, HWRES(ELKEBROREMTH D720, TTHI-BOLBEEE % D
ETKSD, RICAIKFERBEAZELSIVWALDEHBEE L L TKD . o1k
FMEERS-TEF LT b oBEREREE DBV, S kEBREENIS 1
SICEVEERTSREERA L. —F, SBEICRAL TiE, $—% 1 FILBRSEAES
KEFEIEAY, HEEPIECLEBCRVRETIEEERALE. ZOBE, HKE
st & U TEREERREUV-1200V £ {EA L 7.
LIFICHE R RN S,
ik, - BOSEMEESMARELLT,
1) EHEKER{E S MY 7 LIBEHR(0.2 mol/l)
2) A 24EH U 7 LIBHR(S00 gN)
. (AEHER S 1D U T L(KF)SO g% KIZIERR L 100 mliZFHIR)
DNI/RE—Tx/—ILT2LABR

¥, So{EKFERMBESABE LT,
1) 5 > bR FEEKBA(S, 10, 20, 40, 60 g/l)
2) FREEAR(AHEER 0.1 mol/l)
3) 68 (Fe3+1.0 mg/ml)
HTEFIVT KBGO )

(HEERT7EF L7 F60mE600 mIDKEMZBHEL, 1,000 mlICFR)
E5IC, WBE, A BOMKA A+ U BEMARKEE LT,
1) $EHESRTE R (Fe> Y60 g/))

(AR MAEELSE28% - 97KF04)  Fe(NO3)3 * 9H20 217.0 g&KIZBEEL

500 mliZ FHR)

2) EE{bKFEIK(©0.3, 0.6, 1.2 g/)
3) R &AM (PH=2.2)

(0.2 molEAE S U ¥ LSEHES0.0 mllZ0.2 mol11ERE6.7 ml % Al X 7K T200 mlic &)
4) FEER 7L X =7 L\(80 g/)

(AT RAEE 7 /L 2 =7 n(AI(NO3)3 * 9H20)70.45 g% 7K TiEAE L 500 mliZFHIR)
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YY) FIVERF T L(10 g/
(A 1Y FIVBEF ) 7 L (OH-C6H4-COONa)5.0g % KIZ5EHE L 500 mlls 5 IR)
AW,
2.2 DIIRIE
5.2.2.1 REE, TS >BOLBIBE D ITIRE
PHBEEEEAVERBES LU > BOLBAMAEELUTIOERRS.
DEMBRImERYIFLLHE—H—250 m)ICHRT 3.

wn

2) A21EH ) T LTERG00 g5 mlEKIO mEMZEST 3.
NIRRT T/ - TZLA ERBEMA, KBIEF b U9 LERO2 N)TEEL.,
ECTBICEITIEEREAET S,
HRFUCE V) LBOBEERD 3.
2BEE=02-V f 5-1
VA IREKERIEF MU 7 LGER0.2 N)EEE (ml)
f: $REEKBRAL F b U 7 LB 7R (0.2 N) 1
5.2.2.2 Ao (LK EBEDBE S ATIRE
=T EFILT b REWHKEEEBN S LKEBODHAEELUTICRT.
DIHBROI NGO MER Y TFLLHAITFIZII100m)IC AN S,
2) $K7BEHR(Fe> 1.0 my/mD)10 ml % FFEICHE L THZ 5.
NTEFILT 2 bBEROGO NS mEFEFEICMAZ S.
4) HFUERI0 1 E DB THI A, WEBROO.1 N)TIBISE T 1218, B e+ 3.
5) COBEBRD—EBERELIVIZERY), EFR40umiCH T 3WAELABET 3.
O)IREMRAELAMAEERAL, BEBRFD S (LA EBEEE KD 3.
IOBE, AECRELERERD B0, #$—TFIL7€ b BEEROBILE
WEFig. 5S-1LICRT. COEPSRABINE — 75490 nmTH 3 7= ZDFEE AT LE
&L
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< 0.6F
3
- 04 Fe* 10mg
© AT
0
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3
o] 0.2F

O 22 1 1 1 | [l 1
400 500 600

Wavelength A (nm)

Fig. 5-1. Absorption curve of iron-acetylacetone complex
discoloration absorbance method.
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5.2.2.3 PR, B3 - BROSKBRE N ITIRE

g— %) FIVESERRE R E BV SHREO M AEZELITIOENR B,

) BRSO ERYIFLURAZITSZA(100mIC AR 3.
2) REERS.S,ml EFHBRT L I =) LIBARBO ¢S mEMA B,
Y UFIBRS PUILBRIOG)SmEMA, BEBRCIERETTHERLUERT S,
4)ERO—BWE BRI E W IERS20 nmiC 517 BRKED £ MET 5.
SYITER U REBIRICAE L 2REEEEAL, HHBRPOKEREERD 3.

IDGE, $#%k—V ) FIBEERIEKXEEZIIMMOKSFICBNIHETSH 3 -OiE
BSLVHI - BPOHBA A fEE2AE L. 742, BERIEAFEKDEMIL 22084 »
S53EDHENDERREZR/EL /=,

'5.3 BREER
5.3.1 RS P4 A E D %R

A SBPD S {EKERBEIEIRKONE T, k1A VBEICIDWTIR, FHEE
SLVHAI BB THRAO /T TERFTERAE L. ThSDOFER #Fig. 5-2.105RF. &
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Fig. 5-2. Effect of elements on the absorbance.

(a): HF, (b): Fe
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Fig. 5-3.  Effect of standing time on the absorbance of Fe and HF.
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Table 5-1 Ferittic and terottic concentration of pickling acids.

(9/)
pickling tank Fe Fe*
No.1 sulfuric acid 45 .1 0.4
No.2 sulfuric acid 59.6 0.5
nitric—hyd_rofluoric 05 25 0
acid
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Table 5-11ZRT &4, No. I, No. BDRBERDEEA o+ > TI299% LI EHFe2T Td b,
— S S BEh DA 7+ 2 1298% N FS T TH o 12, $—H U FILBSEAEN AL
FtDBITE) TH 3 120, ZOMIFEERAT 51018 BEALKTKDFNIC £ V)5
B DF2t £ FS T ATRT 3 UEN 3.
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S0 p UL, SIEHEOBEICHAREL BBILKEREZA TS mT DEMLE. 2
DFER £ Fig. S-4ICTRT. @ICRT & 5 ICF2HBEN2S lOFBERICE L TIE, LWEh
DIREDBEILKFAKEBVTHZOEBMEIRIZIFIRTH S, LALEDFSOISTRT
&£ 3 IZFHRE P60 91 T0.3 D BEIEKTEK & BB IS TRENSS %% TET
T%5. SRETHB1.2 gIDOBBELKFEKERFMLAZBEICHEVTEREID TL00 %
ot BT TRFIHEBERS I EICEBBANSHY, £7-60 AU TICEE A
NTWaB 7D, 1.2 IDRE TLS mDBEE{EKFRKDBRMA ELY & HBT L 7.

5.4 PIMEEDRARE

5.4.1 S TO—
RELFTORFTABRL W ONEBOREET > 2. EXRNENFHED 70— £Fig. 5-

5/,

5.4.1.1 kA A DR AE

1) AEHERS0 u1% HE.

2) #RENAM(PH=2.2) 85 mARMU %, YU FIBEEBREEEBT7ILIZILB8KEY
DFIVEESF b U LIBRDREY) % 10 mUR M.

3) @ERIEIKFEK (1.2 g) % 1.5 mIARIMEREEERFOSKRE DD A{EH)

4H2 58, X2—7—ICTHE.

S) ZOBRD—E e BERHWUNLILICE Y, KERS20 amiZ & 1T DWEE £ BI%E.

5.4.1.2 eBo AL

) HALEARS ml & S EL

2) Ao EH U LBERG00 gM2S mEMA, 2 9MX 2 —F = THR.
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Conversion Ratio R

Conversion Ratio R (-)

Fig. 5-4.
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0.6
0.4
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0

1.0
X

0.8
0.6
0.4
0.2

B—@—@—F 7 « 0391(1.5m)

I

O 0.6g/l(1.5ml)
A 1.2g1(1.5ml)

1 | 1

0

1

2 3 4
Standingtime T (min)

=l

X X X =

X

1

2 3 4
Standingtime T (min)

Conversion ratio from Fe2+ to Fe3+ by the
aqueous solution of hydrogen peroxide.
(a): Fe*is 25 g/1 (50 1)

(b): Fez+is 60 g/1 (50 1)
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Fig. 5-7. Appearance of analyzer.
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Fig. 5-8.

Time schedule of analysis.
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Fig. 5-9. Analytical control flow system.
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Table 5-2  Comparison of results of the method and standard sample
in sulfuric acid and nitric-hydrofluoric acid.

(a) Analytical result (n—10)

Aiming accuracy A system B system
Standard Standard | standard sample
/‘range Average o Average o
deviation deviation
T
S 8.069 8.103
S . +0.4% / 0~ 15% 0.031 0.020
‘g T-Fe +0.4% /0~ 15% (+0.219) (+0.253) 7.85
E 17.894 0.151 17.566 0.096
3 H2804 +0.4%./0~35% (+0.434) (+0.108) 17.46
0 8.089 | (031 8.103
2 : 0 4% S O 155 : 0.020
5 T-Fe +0.4% /0~ 15% (+0.219) (+0.253) 7.85
°
58| HNO3 | +04%0~259% | 1204 0.195 | 12.091 0.124 12.38
> (-0.336) (-0.289)
£ 2.738 2.684
= F +0.1% /0~ 50 0.044 0.022 '
= H 0.1% /0~5% (+0.018) (-0.036) 2.72
(b) Result of D.R. and R.S.D.
D.R. R.S.D.
A system B system A system B system
§ T-Fe 2.8% 3.2% 0.4% 0.2%
Q
= H2S04 2.5% 0.6% 0.8% 0.5%
(7]
2 T-Fe 2.8% 3.2% 0.4% 0.2%
3
o
53 HNO3 2.7% 2.3% 1.6% 1.0%
> @©
2 .
RS
E HF 0.7% 1.3% 1.6% 0.8%
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Fig. 6-1.
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\
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P

Appearance of the sludge in pickling tank.
(a) the sludge in pickling tank,
(b) tankcleaning by man power.
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Fig. 6-3.
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Width of jet (m)

Carrying capacity of ejector for the stainless
pickling sludge.

Nozzle diameter : 12 mm ¢

Flow rate : 5.6 X 10™*m7/s

Figure shows jet time (s)
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Sedimentation velocity (1 0’ m/s)

Fig. 6-4. Distribution curve of sedimentation velocity
for the stainless pickling sludge.
Ct : Concentration at certain time -
Co : Concentration of original
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Fig. 6-6. Views of recycling system.
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i #13 #11 49
from pickling bath ;
to separator section <—@— :

2#1 circulatioh
itank

#2 circulation
tank

(a) Ejector section

Agitator
9 From Circulation tank

- ?
Skip conveyer @ m , Over flow  To Circulation tank
[}

* Sedimentation {bath

. N W
Lime hopper\

Sludge density sensor

Measu rementvbath

g I “‘. ‘-
W o s s e ew conveyer - E_@_
: Kneading device

Skip bucket intake tank

Lugger bag

(b) Separator section

Fig. 6-7. Schematic diagram of recycling system
for the stainless pickling sludge.
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Fig. 6-8.

Operation pattern of ejector section.
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>

Level of sludge is higher
at the setting point
in Sedimentation bath. No

Yes l

Valve(V1) shut — open
in Sedimentation bath.

h

Sludge density( p s) is higher
at the setting point.
or
Set period of time on shutting No
state of valve(V1) is exceeded.

Yes l

Valve(V1) open — shut
in Sedimentation bath.
Valve(V2) shut — open
in Measurement bath.
Valve(V3) shut — open
in Lime hopper.

I

30 seconds

I

Valve(V2) open — shut
in Measurement bath.
Valve(V3) open — shut
in Lime hopper.

Fig. 6-9. Operation pattern of separator section.
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Inlet of nitric-hydrofluoric acid from the circulation tank

\ pickling bath

Outlet *the sludge accumulation depth

(b) |  #12 #10  #8 #6 #4 #2 10 mm*
- v..v' 1

\ #1 #11 #9 #7 #5 43 |
Outlet Pickling bath
*the sludge accumulation depth

Fig. 6-10. Schematic illustration of nitric-hydrofluoric acid pickling tank.
(a) before the construction of ejectors
(the sludge accumulation depth is approximately 100 mm.)
(b) after the construction of ejectors
(the sludge is completely nothing.)
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Fig. 6-11. Appearance of the neutralized sludge.
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