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4.2 EKERMNLOERER ORUE UFE 2D
HERINET I REBEANL, EATBIED b FREE
THESITREIL T, [AXEEHR]A Hu COD =4

=# (TN), &2V (T-P) DERFRILTIROMES
N FRPAC LY < (Table 1), ERLHIEDML
KELEL, A KEoREL T, £,
EUR A LeitE o o 2 M, hiiREEAIEZ E 5
aA ML bENPoT, ZOENNEEANL, Al
EHEFE LTS b, 2 REICKHT B RE
Ly FIFTW5D (Table 2),

Table 1 Comparisons on maximum removal
ratios of COD, T-N and T-P with
Al2(S804)3 and PAC in case of sewage

clarification
Maximum removal ratio (%)

Parameter 5

Recovered | o amd | pag

coagulant
COD 66.8 48.7 52.7
T-N 29.9 20.3 12.4
TP 98.9 47.3 52.1

Sample water, raw influent from a municipal sewage
treatment plant (pH,7.5; COD, 44.0- 79.6mg/L; T-N,
31.4-33.0mg/L; T-P, 2.70-3.29 mg/L); sample volume, 1L;
pH, 6.0

Table 2 Removal ratios of 17 pesticides

Removal ratio (%)
Pesticide

Recovered | Al:(SO4)s PAC
Acetamiprid 100 33.0 36.2
Alachlor 18.0 1.2 0.0
Bifenox 50.7 50.3 48.1
Bitertanol 55.7 52.1 51.2
Butachlor 24,9 17.6 16.7
Cafenstrole 50.6 45.7 45.3
Captan 15.1 4.6 13.9
Chinomethionat 25.6 16.8 22.4
Chlorfenapyr 72.7 71.9 71.3
Clofentezine 23.1 0.0 8.0
Cyhalofopbutyl 64.8 62.3 61.3
Cyproconazole 22.7 17.3 17.7
Cyprodinil 25.0 19.0 21.7
Difencconazole 100 69.6 100
Diflufenican 39.2 41.3 39.6
Dimethenamid 17.9 4.5 3.3
Dimethomorph 28.2 22.4 34.1

4.3 BRAVEEROBHYE Y

BEX A YiL, A ETIXEFALEH A 69.8%,
=7 VT NE LTORMIL 13.2%IZEE W03, |
EKEOT A VA TIE, VA 2703 80.2% T,
=7 ) T IVRIRERA 31.4% & @\, BiRERNGE
ZTh, HEEENT L0 b~=7 )V 7 e LTHA
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EMEHD 2.4mgll, REIOES A YA 5.5mg/l 1Zxf
L. 1.0mg/ll &{Eho7z,

TR hr@w T, Tk 8 (0076~
7.6mglkg), 7 vHE, € S (0,047~
6.1mgkg) K U7 Z WEko A7 8 (0.037~
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Tig.4 Photodecomposition of volatile organic compounds
(1) 7rans-1,3-dichloropropene; @1,1,2-trichloroethane;
@tetrachloroethylene; @dibromochloromethane;
B m,pxylene; ®oxylene; @bromoform;
®p-dichlorobenzene; flow rate,

0.5L/min; UV intensity, 3.4mW/em?2; each concentration, 1mg/L
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# 1 RIOEOFERICAVNGRTH

DI PRI DM (SRR 2 |

1 OB A)

Ref 0 t d D w 2p/D 2t/D Specimen gg;g‘e Loadin g Kt Ken Ktreal |Error(%)
OKRDA et. all 4 g | 3.0 | 4.0 | 10.0| - 1.4 0.6 |Round bar | Sireular- lyo,qingl  1.08(2) 1.081 | 1.081 | 0.09
WANG et-al | 2.0 | 1.5 | 9.0 |12.0| - |0.3333| 0.25 |Round bar | SireWlar- lyonging| 1 s1(veuber) | 1.508 | 1.560 | 3.2
KAWRGOTSHL | 7.0 | 3.5 | 3.0 | 2000| - 1.4 0.7 |Round bar | STECUIAT- lpenging|  1.06(2) 1.062 | 1.061 | 0.09

1.0 25 5.0 | 10.0 0 0.2 0.5 Round bar U-notch tension 2.32(FEM) 1.822 1.934 20.0
RERTTA, Circular- i
HATANAKA 2.5 2.5 5.0 | 10.0 - 0.5 0.5 Round bar Arsrivtoh tension 1.75(FEHM) 1.384 1.416 23.6
4.0 | 2.0 5.0 [ 10.0]| - 0.8 0.4 |Round bar gigfﬁig; tension| 1.54(FEM) 1.295 | 1.321 16.6
0.8 1.0 6.0 8.0 | 60° 0.2 0.25 | Round bar V-notch tension 2.0(FEM) 2.036 2.179 8.2
g 0.1 | 1.0 6.0 | 8.0 | 60° | 0.025 | 0.25 |Round bar| V-notch |tension| 4.8(FEM) 4.745 | 5.275 5.0
0.05| 1.0 | 6.0 | 8.0 [ 60° | 0.0125| 0.25 |Round bar| v-notch |tenmsion| 6.4(FEM) 6.473 | 7.277 | 12.1
OCHI et. al| 4 ¢ | 3.0 | 10.0|12.0| - | o0.2667| 0.1667 | Round bar gizfﬁégg bending|1.62(Peterson)| 1.635 | 1.959 i3
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O, O DESRIZONW T ERH AL CH D
U, TNECTOPRTCIE A A —ZHAHPLEEL
I EPRE K ZAVWTo,. o, ZRKOHTND
ZERZN, £ 2 OERENRFEWES [ (A3) d=5mm,
(B3) d=10mm, t=0.2mm, p
=0.lmmn D& ] OK OEICHENT D E, LHkD T
HW e o (A1) L~ TEEN4.5%H
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WOWMEEZER LTS, £z, TEREAR DT
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ITREHM
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SR
(A1) d=5mm, t=0.1lmm, p=c0® & X, o, =220.5MPa
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F 2 S20C BAERFEER &N LM oA E8 A L IR
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d t e Ki K,
mm) | (om) | (mm) | (mm'") | 3@t | H(AD ITEH BT
T O ye K O K¢ T i Ty KT i Kr
(A1) oo 0.4 1.00 1.00 245.0 — 2450 | 1.00 2205 — 2205 1.00
(A2) 5 01 03 84 1.90 1.01 156.8 166.6 2995 [ 147 1470 156.8 281.3 1.41
(A3) 0.05 441 3.39 3.55 1274 115 4523 | 143 102.9 1519 365.5 1.45
(B1) oo 02 1.00 1.00 2303 — 2303 | 100 210.7 = 210.7 1.00
(B2) 10 0.2 06 42 1.90 1.91 142.1 — 2714 | 162 1372 — 261.7 1.54
(B3) 0.1 226 3.39 355 1029 1372 3603 | 1.68 93.1 1323 3303 1.59
#3 S50CHEX7oE UM (ABL), S50C BEAFUEER L (B44) . S50C BEANBER L4 (C#4)
DAL Sy, AR, HRIMEE & By H— ARE X
{L2RES % EE BN (MPa)
HH g
c Si Mn P S Cu Hv g, 0g o, #y
A%t RaEL 833°C, 1h 17346 346.9 673.26 10310 4145
wAN 810°C, 1h, K%
BH = 31262 8575 10104 171041 556.6
0.54 028 | 077 | 0017 | 0.016 | 006 | REL 550°C, th, K%
wAQ 810°C, 1h, K%
c# — 37044 11318 12456 18052 4547
REL 480°C, 1h, K
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5 0.1 0.30 8.4 1.90 1.91 186.2 ~ 356.3 1.48

AFF
5 0.1 0.10 23.4 2.66 273 | 147.0]| 161.7 400.9 1.71
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B#f
5 0.1 0.10 23.4 2.66 273 | 2352 - 641.4 2.15
5 0.1 0.05 44.1 3.39 355 |~ 196.0 | 235.2 695.3 2.15
5 0.2 10.00 0.6 1.07 1.08| 5782 - 622.6 1.00
5 0.1 0.30 8.4 1.90 101 | 3626 - 693.8 1.72

c#
5 0.1 0.10 234 2.66 273 | 2842 - 775.1 2.19
5 0.1 0.05 44.1 3.39 355 | 2352 | 2842 834.4 2.19
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s [ dem [ tem | 2| xtm™ | Kow/ 0w | TwMPa) | o, (MPa) K,
(mm)
No.1 10 0.2 0.05 40.20 1510 88.1 140.8 1.96
No.2 20 0.4 0.10 20.10 1.430 83.4 108.7 2.54
No.3 40 0.8 0.20 10.05 1.320 77.0 81.6 3.38
No.4 80 1.6 0.40 5.03 1.210 70.6 . 3.91
No.5 160 3.2 0.80 251 1.140 66.5 — 4.15
# 8 S50CHEAAUBERE LK (BHF) DFEITIREE (K, =4.73)

HERF | d(mm) | t (mm) (nfm) Xxmm™) | Ko,/ 0w 0 1 (MPa) 0 .2 (MPa) K
No.1 10 0.2 0.05 40.20 1.360 145.7 179.4 2.82
No.2 20 0.4 0.10 20.10 1.250 133.9 1343 3.77
No.3 40 0.8 0.20 10.05 1.156 123.8 — 4.09
No.4 80 1.6 0.40 5.03 1.090 116.7 e 4.34
No.5 160 3.2 0.80 2.51 1.047 112.1 — 4.52

#9 SH0CHEATUMER LM (CH) OISR (K, =4.73)
Eitgﬁﬁl- d (mm) t (mm) e X(mm_]) Kto-w]/ O-\.‘.O O (Mpa) o Z(Mpa) Kf
(mm) W,
No.1 10 0.2 0.05 40.20 1.330 175.1 216.4 2.88
No.2 20 0.4 0.10 20.10 1.220 160.6 161.5 3.85
No.3 40 0.8 0.20 10.05 1.128 148.5 — 4.19
No.4 80 1.6 0.40 5.03 1.070 140.8 — 4.42
No.5 160 3.2 0.80 2.51 1.033 136.0 — 458
#10 A= ZHAIK,, EHNEBEOERRIE o, ,0,, D
IR EE(MPa]
5 d t 0 X - AR
AERA iy o] il [mm™'] K[ZL(AT)] Kinl/ A 73 —]
O w1 O w2 O O w2 O w1 0wz
No.1 10 0.2 0.05 402 | 882 | 1408 | 942 | 1413 6.8 0.3
No.2 20 0.4 0.1 20.1 836 | 1087 | 892 | 1121 6.7 3.2
No.3 40 0.8 0.2 1005 | 771 | 816 | 823 | 866 6.7 6.1
No4 80 1.6 0.4 503 | 707 - 75.5 - 6.8 -
No5 | 160 3.2 0.8 251 66.6 - 71.1 - 6.8 -

26



SEH (2)1.0<x<1.9 DHE
1) A ESCE RS UMK OB, Amxmlo ,
. K /K, = (0.99533-0.00359744 +0.00512224%)
2) B F AR, U G TR & - Bt &
ERoFELRE, BT L3EH ML (2010)

+(~0.32401-1.27604 - 0.831014° 2
+(0.9470 +22.7404 + 4.151947
+(~78.130 —145.144 - 0.325904° P’

3) Neuber,H., Kerbspannungslehne (55 1 #i), +(288.43 1 463.534 - 36.046 4 W
(1937), (45 2 #1), (1958) , 9, Springer-Verlog. +(-578.45-825.964 +91.9194° }2°
4) B B [ B, Al (RS, TR OAE BT R & +(647.76 +836.064 - 100.76 4 J1*
R o2EMAIc st U CIEMZ2ISIERREE S +(-380.88 - 450.514 + 52.8374° Y
2 B (MR 60° VIHUIR & 24T +(01.652+100.574 109544 )2 (AL b)
LR RAER ) B AR e U EE,64-625,
A (1998), 2251-2256 (MI9<x<1.99 DHFE

5) PHABLME, RFEF O [alfndh 1 R C 6 T D i B=10(x -1.90) ’
570 b OO NIRIE O~ UM L 3 K,/KL\.=(0.99540—0.005449213+0.0060139B')
;“4 ) K etk 2 2 8 A +(71.9557+0.65302870.3486032)1
wEt), B A B Bt 23 e ST HE, 34-259,

) +(29.326 - 10.9018 + 3284687 )
(1968), 371-382

+(-175.64 +78.3438 - 31.8528°

6) ﬁﬁgLfé,:F‘{f—EB, S50C BE7n & Ltk LUt + (555.9[ —25428B+ 107_533‘)44
AN OIR & R & EEHER A BT D3R +(-1010.7+ 413278 - 143 878 J¥
RfE & (Rl N OEE), B AT +(1059.8 ~3d0.54B + 51.147 B J1
RiASCE, 40-329, A (1974), 41-52 +(—595.49 +127.038 + 41.5818° )’
+(138.76 - 13.576 B 27.476B8" ¥ (Al. ¢)
8%
T A fa A = oY (4)1.99 € x £1.999 DIFE
Kw=ﬁm_nmmqyﬂa-n”+muqfﬁm}ﬂ =100 -1980)
K /Ky
y - oz - S =(0. : "+0. * +0.0014459C
BT RO L 512 (1) ~ (5) OB A T2 % (0.99195+0.0014095C +0.0010083C +0.0014459C")
% +(=1.0217- 0.11317C +0.40147C* —0.66757C*)
Do
Oy <LODIEFE +(8.8740 — 1.0204C - 2.5041C? +3.2927C")
: +(-31.384 +6.0540C +7.3248C* - 7.8197C" '
K,/K, = (1-0007—0.0061187x +0.00019231x*)
2 +(52.354 - 11.900C - 11.175C" +10.153C° W'
+(0.032136 +0.99308x —1.3017x" A
i +(-41.343+10.217C +8.5027C" — 6.8543C W’
+(~1.2472 - 7.8148x +17.571x* Ji . N
12.528 —3.2355C - 2.5540C” +1.8930C
+(10.760 +21.099x - 96,522 W' i ’ ¥ (AL d)

+(~42.163 - 9.0602x +283.69x" }*

+(88.530 — 63.407x — 482.22x" ' (5)1.999 <x <20 DIFE

+(-103.01+133.10x + 474.10x* J°
K, /K, =099169

+(=1.0102-0.61332D+1.3132D* —1.0003D*) A
+(4.9323+1.3538D - 2.3860D° +2.1124D*) A’

+ (62.562 — 105.45x - 250.04x* )
+(~15.472 +30.559x + 54.712x° W

Al.a +(—10.768+0.042333D -2.1750D% +0.51667D*) A’
(AL a)

7, BTk B EMERISHEMER K, 1T, 15 +(10.608-2.0962D +7.2681D* —4.0639D*) A"

EJ A _—DISHEREE K & DI LTEDL +(-3.7555+1.3326 D - 4.0733D* +2.4700D*)2°

TnB, UTbRETHD, Ul



7 ¥ a—Hi#—tsukuru No,18(2010)

BT Fw X

2 BEAHET A T — OREEEFECRIET BN ORE

Influence of Molten Metal Flow on Characteristics of Interfacial Cladding
in Two-layer Composite Casting Liner

Beatibireer s — Bty s — Beftibilsee> 5 — Betlibireer s — Bty s —
Wity ZEPEE IR B FE DR Wit - 2R e B AR R T8 E Rty - 2L PEEE AN B FE D et - 2L PRSI B 7E PR vy —E
BRI (AL = Eonn et MERH B R k() 2 ERT MR () K EIY
Yoshitsugu Hanada Hiroaki Furuta Toshikatsu Muta Hyo-Gyoung Kang Hideaki Nagayoshi
G

BHOREA RS ASFEEARR TH D EST 74 7 —I135ME o8 H i

CkoalELTRY, BEasdmEn EBL O Ea A Ny R B L, SR ED
k@ﬁzﬁ%ﬁﬂbfmé FIC, FEYWEDRILER S -0, I al—
VAVYAT AREA L, B0V ab—ya UIRRRICEY, MAEHO%
Wiz ML T 28T E 2R L2 & ¢, EERBRIcB LTl LT
DRIaTdn D8 & _— AR & OREZ & KIBIZIHIT 5 Z &R T& e, 4%
RIZBNT, V32 ab—a VIS RORR R EETIE L LTSN
T&E 5%,

Synopsis:

EST liner has been manufactured by FUJICO’s original cast cladding method,
and extensively used as the typical two-layer composite liner with the high wear
resistance in high temperature environments. We have been developing extensive
modifications of casting designs for EST liner to reduce manufacturing cost. We
have introduced the casting simulation system that was useful for improving the
efficiency in casting designs. From the simulation results for molten metal flow, it
was confirmed that the mold designing to make uniform molten metal flow can be
minimized amount of the uncladding defect by the comparisons of simulation
results and real casting results. Therefore, the casting simulation can be expected
to improve the efficiency for cast cladding designs.
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Fig.1 Photo showing appearance of EST
liner after casting
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ding defect

Fig.2 Photos showing cross section of specimen
for acceptable quality and production
defects for EST liner

Sprue

Flow off Cladding

metal

Open riser

Flow off

— Direction of molten metal flow

TFig.3 Schematic illustration showing molten
metal flow and mold design for casting
of EST liner
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Table 1 Properties of cast iron and sand mold
used for calculation
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Tt Sprue
B (R E
: o
Gate
b S eiow off ¥

Fig.4 Change of flow pattern of molten metal
at filled ratio of (a) 5%, (b) 10%, (c)
25% ,and (d) 50%

Material | Density Thermal Heat | Viscosity Initial
conductivity | capacity temperature
(kg/m? | (Wh/K) | (kg | (m?s) ¢
Cast iron 7.00 0.080 150 0.0078 1580
Sand mold]| 1.45 0.002 250 25

Sprue | (b) o

A

o 'éate
x> Flow off
(c) o
| : \\,‘

Fig.5 Change of solidification of molten metal
after pouring at (a) 100s, (b) 200s, (c)
400s, and (d) 600s
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REAETIER VMBS L TR Y | D~ <
IZONTIRB->TW5D, F=, HBOMCH B REE

30



31

- s 2 Py
ultrasonic testing

Photo showing
inspection results on cladding metal
surface of EST after cast
cladding:

*, uncladded place; A, shrinkage cavities

liner
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4.1 InEREHE

Fig.6 O HL & B E 2 BHEHERMIZ B D877 10D
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(b) Pressure type
(Design No.2)

(a) Non-pressure type
(Design No.1)

Fig.7 Schematic image showing shapes of
runner and gate

| (a) /?Sprue /Runner |
(b) Sa\i S, S=21%S,
R T S T S = N S S
‘ \SL" \802 e S;ﬂ

Fig.8 Schematic illustration showing structure
for each parts (a) and cross sectional
area(b): S, sprue; S runner; Se sum of all
gates

Table 2 Comparison of each area ratios by
difference of casting mold design

Design a— Sprue | Runner | Gate
No. (Sa/SD | (SplSa) | (S:lSw)

1 X 1.00 1.27 1.07

O 1.00 0.98 0.91
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Fig.9
pattern of molten metal:
(a) non-pressure type, (b) pressure type

Fig.10 Effect of change casting design on
solidification process of molten metal:
(a) non-pressure ype, (b) pressure type

iy !
= IE
G

Fig.11 Quality inspection result for actual
product mode by pressure type casting

design:
X ,uncladded place; A,shrinkage cavities
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Effect of change of casting design on flow
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I Wide < > Narrow

(a) Wide gate at center, (Design No.3)

" Wide

I Narrow xa >

(b) Narrow gate at center, (Design No.4)

Fig.12 Schematic illustration showing gate
structures for controlling molten

metal flow

Table 3 Comparisons of area ratios of each part

and area slope ratio of gates

Design Avea ratio Slope-ratio
No. | Sprue | Runner | Gate of gates
(8:/8a) | (8518a) |(SelSa) | (SenlSin)
2 1.00 0.97 0.91 all same
3 1.00 0.97 0.86 0.67
4 1.00 0.97 0.87 2.80
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of molten metal

Fig.14 Effect of gate structures on solidification

process of molten metal
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Effect of gate structures on flow pattern

(b) Narrow gate at center

Fig.15 Quality inspection result for actual
products made by two types of gate
structure:

X, uncladded place; A, shrinkage cavities
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(b) Melting loss of base metal

Fig.16 Photos showing melting damage on
base metal by molten metal flow
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(b) Long plate and three short plates,
(Design No.6)

Fig.17 Installation configuration of chiller
plates on underside of base metal

l__ __ :: Position of Chiller plates

Tig.18 Effect of chiller plates on solidification
of molten metal:
(a) long plate only, (b) added three short
plates
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(b) Long plate and three short plates

Fig.19 Quality inspection results for actual
product made by casting mold with
chiller plates:

X, uncladded place; /A ,shrinkage cavities
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(b) Shape of chiller plate

Fig.20 Schematic illustration showing optimized
casting design,(Design No.7)

Table 4 Areas ratio and slope ratio of gate
for optimized casting design

Design Avrea ratio Slope-ratio
No. | Sprue | Runner | Gate of gate
(S Sw) | (SWS) | (SIS |  (SulSa)
7 1.00 0.97 0.93 1.75
(@ | O
B = o/’h}g =
Lo [y AN
| ; l A2 Qk’\ 7 ‘;—-7%‘
¢ L)

Fig.21 Prediction results for optimized casting
design’ (a) flow pattern,(b) solidification
of molten metal
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Table 5 Comparisons of rejectable quality and shrinkages area ratio at all test castings (%)

Design | Pressure Width of gates Chiller plate Rejectable | Shrinkages
No. quality area
1 X All same (1) 25 10
2 O All same (1) ¥ 7
3 O Wide—Narrow (0.67) 5 5
4 O Narrow—Wide (2.87) 3 6
5 O Narrow—Wide (2.87) Long plate only 14 3
6 O Narrow—Wide (2.87) Four plates 15 3
7 O Narrow—Wide (1.75) Long plate only i 4

(): Slope-ratio of area as Su/Sa

Fig.22 Quality inspection result for actual

product made by optimized casting
design:
%, uncladded place; A\, shrinkage cavities
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Tablel Welding conditions for experimental

test
Arc current [ Powder feed rate| Arc length
(A) (V) (mm)
200 7 9
200 14 9
200 21 9
150 14 9
175 14 9
200 14 7
200 14 11
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Effect of filter on welding arc image *
(a)visible light pass filter,(b) ND filter
and visible light pass filter

Fig.h

Fig.6 Effect of filter on welding pool image:
(a) low pass filter, (b) band pass filter
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(a)Welding arc images

(b)Welding pool images

Iig.7 Effects of powder feed rate on shape of
welding arc and welding pool

Table2 Relation between powder feed rate and
area ratio for welding arc and pool

Powder feed rate v 14V 21V
Welding arc area ratio| 1.00 1.03 1.07
Welding pool area ratio] 1.00 1.26 1.55
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(a)Welding arc images

(b)Welding pool images

Fig.8 Effects of arc current on shape of welding
arc and welding pool

Table3 Relation between arc current and area
ratio for welding arc and pool

Arc current 150A 175A 200A
Welding are area ratio| 1.00 1.52 1.74
Welding pool area ratio|] 1.00 1.40 1.46
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Fig.9 Effects of arc length on shape of welding arc
and welding pool

Table4 Relation between arc length and area

ratio for welding arc and pool

Arc length Tmm 9mm [ 1lmm
Welding arc avea ratio | 1.00 1.04 1.35
Welding pool area ratio| 1.45 1.33 1.00
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Fig.10 Welding arc images processing:
(a) criterion image, (b)comparison image
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Table 2 Maximum K; and dimensions

M1.6 | M12 | M64
Zo/D | 0.066 | 0.043 | 0.027
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K 3.722 | 4.277 | 5.816
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Fig4 Schematic illustration showing threads shape
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Tablel EDS result of Fe deposit method by thermal spray
Sample Element (wt%)
Ti Fe 0] Si Al Cl
a 52.30 0.58 45.37 0.84 0.41 0.51
b 64.76 0.69 33.51 0.48 0.56 N.D.
c 61.06 1.54 35.86 0.97 0.58 N.D.

a ' Before thermal spray

b : Simultaneous thermal spray

¢ * After thermal spray
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