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Abstract

Natural silica sand was commonly used for sand casting of steel
castings, and chromite sand was also used to suppress sand burn—on
defect due to the lack of thermal properties of silica sand.

However, there are disadvantages such as deterioration by repeated
use, problems with mixing system sand, difficulty in separation and
removal, increased load during molding due to high density, and waste
containing chromium.

Recently, industrial waste reduction and atmospheric environment
improvement have been highlighted as important tasks in the casting
industry.

In order to solve the problems that occur when using conventional
foundry sand and to improve the environment of casting factories,
various artificial sands that can be applied instead of natural sands have
been developed and introduced.

Artificial sands can be classified into artificial sand manufactured by the
Electric Arc Gas Atomization or Powder Flame Gas Atomization, artificial
sand manufactured by the Spray Drying & sintering Process, artificial
sand manufactured by the sintering & grinding Process.

And exhibit different physical properties depending on the type of raw—
minerals and manufacturing method.

In this study, foundry sands suitable for casting steel products were
selected through comparative evaluation tests on the physical properties
of various foundry sands, mold strength, physical durability, thermal

durability, casting of sand burn—on test piece.
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Table. 1 Types of foundry sand used in the test

Table. 2 Comparison of manufacturing methods and major
Manufacturing processes schematic for each spherical
artificial sand

Table. 3 Physical properties of alkaline self —hardening phenolic
resin binders

Table. 4  Evaluation results of various foundry sand properties

Table.

(@)

Table of results of evaluation of burn—on defect rate of

Cast steel test pieces of various foundry sands



Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

N =

~ W

(@)}

Fig. 8
Fig. 9

Fig.

Fig.

Fig.

10

11

12

1" 55

Uses of Large Steel Castings.
Model drawing and foundry sand compaction tester for
the production of test pieces for measuring the
compressive strength of the mold
Pot mill used in the foundry sand breakage test
Example of sand burn—on and sand burn—in of
foundry sand
An example of a cast steel test piece drawing, a mold
schematic diagram, and a cast test test process for
comparative evaluation of burn rate by casting sand
Al203 content of various artificial sand and refractoriness
relationship graph.
Si02 content of various artificial sand and refractoriness
relationship sraph.
SEM observation photos of various foundry sands
SEM observation results of sintered artificial sand
manufactured by the spray drying sintering method and
molten artificial sand manufactured by the melt spraying
method
Mold strength after 24 hours after molding various
foundry sands with alkaline self —hardening phenolic resin
Crushing test results in pot mill for comparative
evaluation of the physical durability of foundry sand
Heat and quench fracture rate calculated by 1,100 C

heat and quench test



Fig. 13 SEM pictures of molten artificial sand tested by heating
and quenching at 1,100 C
Fig. 14 TMA (Thermo Mechanical Analysis) results of melting
artificial sand A3 and melting artificial sand B
Fig. 15 DSC (Differential Scanning Calorimetry) results of
Melting artificial sand A3 and melting artificial sand B
Fig. 16 Results of evaluation of sintering phenomenon occurrence
temperature of foundry sand and sinter fusion production
rate by test temperature sintering temperature evaluation
result graph of foundry sand
Fig. 17 1,500C explosion heat resistance test result of foundry
sand
Fig. 18 Graph of results of evaluation of burn—on defect rate of

Cast steel test pieces of various foundry sands



I. A&

’

b

s

Az zARke] 7)ol [1,

. A BEA
=]

A7k, &4

q

-

R

2 T

S

=

Rk i

kYA
ar

A2k,
2].

o
=

)
N
B

=)
Ll

m

=
;onﬂ

HH

file)

Mo

oy
HR

il
NF

%o

7_l

Eis

Aol Be
2rhES)), A,

y —

s}
o

|, =41, 3}

=
T

[e)

o

7HAl 1

s
h=g

Al

At

1

#]| ©]

A= AL A Akl
252rtEo 2 AA 8919 fAel™, AAA FE=AAFES 2.2%

3z

20%% A =H™, =9

75%, B]A FEo] 2592 HA FHr}t [3].

shal ok AlAl & A

20189 7= AAl F= AAHE °F 19 1,300%E o9, 1 T =
[¢)

gtom, Hi
A4
o] 911:

= [7, 8],

A



Main Frame

&
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2.1. AW g F24 2
B Qo] ALg® FEAL R WA 35RO, ATAFE 4FRE
T 17EROIh AUl 2 Felel B Ei AAHI e A W S Q
BAFE AZAF 9 S $U9E Fa FASAY, ABRL B Aol ALg
Stk E 1S ¥ dveld WR 4F F2A AEY Az, ARV,
Az AuE Jehd Zolw, ¥ 2= 79 AFA AxW AXTA
HEE vhebd Aolth
Table 1. Types of foundry sand used in the test
T ZAL H=E 25 H== A L= HIZ= A HEH
Japan Kaolin, Alumina A 2ZASALA
ERHT 27AY
zay China Bauxite, Kaolin B 2ZZAB
+324 China Flint clay C 2ZQZALCY, C2
HWalst AFH
China Bauxite D A2ZZ AL D1, D2
%_I-rlg;;)i China Bauxite E S8ASALAL
China Bauxite F E8USA A2
2o Ol gAY
E-OAFE China Bauxite G S8USALA3
China Bauxite H 28U A4
EUAMTH AN China Bauxite, Kaolin | 8803AtB
China Bauxite, Kaolin J EMQAZALA
%‘%} A China Bauxite, Kaolin K E4213AB
France Amdalusite L EHASAC
T H== HZ=AL HEE
Hol NETAL Vietnar:n M A (HIE L
@, Australia N A (EFY
7}
43) E4 A Rep. South Africa o 20| EA} (OIS 4h




Table 2. Comparison of manufacturing methods and major Manufacturing
processes schematic for each spherical artificial sand

HxEH 22 HE=ZM~ B HxzZ FE A=A L]
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(Z=2H olin, o
Japdn Alumina A Z2UBAA
i
s : HeHig(Ash
N 2E{2|WE(2Y) i
= TN e 3
% a7 ~~Disc Pelletizer +EUSACL
] j 2‘%}7 (=azh china Flint clay C
iz s S +EBUZAC2
=28 | amexn
+ZAUTA D1
2
e E!n-)i =siel Jiig ;ji} China Bauxite D ”
A g
@"(ﬂ %) i
China Bauxite E E8USA AL
o China Bauxite F SEUTA A2
BAHE
China Bauxite G E5%TA A
=
=1 China Bauxite H E8USA A4
A
b1
s Bauxite,
a}%éf}g China Kaolin I 5054 B
- L, o B ok
AFAF AZH S 5, &5APH BERIMESLE) -wﬂ ™
M TR == =1 Sh= S
OB iek) 02 5 Aol A AFALZE W st AEFS T3
e
=

(K e 54

A2AAFA A d8FEQA THE(Kaolin) ¥ LdFujy Bdo] AgA
(Binder), 7FA&A (n]#175, Plasticizer), Al (7175, Dispersant) &= Hl
&3t &g (Slurry) & B3 74%7] (Spray dryer) oA F8 A2 253} 3
% 3] A2 (nlfEhE, Rotary kiln) oA A2AstE BEE-AxAsA o= Axd A
ojtl, 24l FA} BE A8 HES HIAAOE (Bauxite) 8 1HER @] s,
BRAZx~ANOR Azxd Zot},

2AFAF C1 B C2& d53EQ ZHEZH] (Flint clay) & A3
#7] (Disc pelletizer) ol FEYAZ £H3 3 3 AR N 2Ae= =
3l A2dHe R Axd Folw, AAJAFA D1 D2+ dR5FES HIAA
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7+ FEAF AZ] didi ASTM E117+4¢ ®FA (Tyler, Standard
Sieves) 2} AF 57| (CISA, RP200N) 2 J=A18 &),

FZM % (Tab Density) &= $UEA37] (Bettersize Instruments Ltd.
BeDensi T1 Pro) & AFg3le] 4319t EH 714U % (Apparent density) +
HSWol FEAF AIEE T, T7TE T 5 253A1F7]¢AM 5
23 Ass A, FEAL 4AF Alolo| EAist= &= (Air gap) &%
=AF A 2H G 771E (Open pore) ol S/77F A5 WA ox2 FR7|H
3] (Apparent volume) & At=3s}o], =743}

XRD (PANalytical, X'Pert3—Powder)& ©o]43 EAFAS 53 F=2
48 3kl er, WD—XRF (Shimadzu, XRF=1800) & 3} S w4 3}
AT

KS7#74 (KS L3113 — dizt= % U3 959 sz AgdWy, KS L
[SO1146 - W3t AEE Z+3) 9 dste A Es AAsiH.

A= (Aspect ratio)+= TE/\}' AE8E dF= FAAAER A (Hellios,
Nanolab600) ol Al #Zstal, 100712 dAE T2 dAste], F534 W=
o] dol& ZHslo], At=sH.
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2.3. TIZE AN g

i)

Table 3. Physical properties of alkaline self—hardening phenolic resin

binders
DEE (%) 414 135°C X 1THr
B (cps) B-C* (87) 25°C
HIS 1.19 25°C
Free Formaldehyde (ppm) 95 HPLC =7 (DNPH )

Na (%)

28318 % v]

K (%)

2.06 [16 % ¥]

11




OY 2 AFFRA A ARYAEFATIRAA ] FHAA
= =

AL % FYARA Ao AFgE AFA AL
A2 L Aol
N eiccoscs P M Dl

Tsme View D ‘
Side View C Section A

SectionE |

q

Side View D Section E

ol 50 | 50

Section B

Fig. 2. Model drawing and foundry sand compaction tester for the
production of test pieces for measuring the compressive strength of the

mold
AR HEeTATEYNeE 29E THY G4F5UE FUHE AT 73
AP 8438 24 97| (SPAR, SP— SOOA) o H7} At FEAF 4kg

[¢}
T =, A H =T ](HAKOREA FO-1815) ‘%%’JE‘EJ 20%

o dgsHes T AR GAEFAE FYskL, FEAF E-RVIE
132RPMO. 2 7}EA A 187 &&8sto], AxE ZIPAE ¢ L=AE=E
, FEAF BAIRZI(KS A 5301, ¥4, HI-510)
ok, (25 C)oR fFAHs AP 2441 B
W 5, AEE ARG ZFe)A d¥ste], 474 50mm, o] 50mmel AlE

AS x%th%}S’iﬂ‘r. AZE A EHLE s 548 7] (R&BAF, UNITECH RB—

il
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2.4. FEAF YT Bt

2.4.1. F=A] =98 WA 97 - REWAA Y FEA A9

TEAL RS AAEEE] fsE FEAF A oR FEAF AR B 7
T b7 BEYAR do® FEAF YA mHo 1H JAAE AAS
= WA TAA ARl 2 &8H 3 vk olw) FEAF YA st
A glom, WHE A At AbgstolE, Fhfvt &S FEAE A 3
FEo] =2 FEAEL & 7 gt

7 FEAR] WA S vl Frhstr] flaE 2 EW (WISEMIX, BML-2)
el FPAES AA Ak 2 3 FEA FHE Aol AHgE T
EWS yerd Zlott

e ARE AT 4
#50(A & 300 m) EFAE

B ARE EHARC,
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A& g FEA FEA AE 100g% ZFn A2 E (@ 10mm) 90
2009) & Wi A4 1 Liter §%9 &FruAqde] d58 &7] 91
o5 400RMPCo.& 307t 7Fedh &, A d8d FE2AF AIRE #60
el Ja, FEAF AR 93 ZFAE AR
2083 7bEe §, #60 AEAE TR T
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(SATORIUS, A1208) 2 =738t &2 of 7

o
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w2

offf
)

AL (%) = o0 EEA § Z% el % (9 0
A& ) ZEYA 3 AH A FEA TF () x 10

2.4.2. TEAY 44 JYFA F71 - 719 393 A8
(Heating and quenching test)

A2 7hdE WgtE AEE 71A B 9‘1‘%1194 LJMUHXH ol A %%*l?l% e
3 AP suEA, dutdo g MRy Bo WZn e A=
degol 7] wiel Aol % W= d=E Hrreks WY F st

-

I

-

= d7dM e 4F FEAHE HE 59 A8 WA vl 3UME
AAEERe 7HE 2 Alde S 4E F
& B8, #50(A % 300 m) EFAE Fypshed,
#60(Xﬂl'1 250um) Z=Ale] AU FEAF AIRE AV7]EAA 135TE 1A
sob Azt FHlsglt. EHlE AdE FEAF AR 10ge 5T
7F (10mD ol FS18ka, 4% FEAF A7 FY€ SFu cﬂqg—%
712 (Ao] 8, MF-32H) el Y31, £&4% 100C/Hr= 7Fd38to], 1,100C
oA 1AIZE FAAZ &, 1500mle] FFHF7F @7 Azﬂow/]/k u]ﬂoﬂ o]
ato] Jv AlFATh #325(A& 45m) EFA
F 135C=E 1A B¢t Axd & 719 349 A8" FEA} /\]gg— #60
3 ] -
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T W} FEALe] 2

1,100C 7t49 39 A9 A FEA TF (9

FE A wet AFolrk ot FYL%E(1,540~1,580C) 7F =T,
w5 FAE @3 g5 SuARe] =itk [9] F, 739 A4S
= A metd FEE AT AR FEARE 95899 FYF
Fol wet wEHE REE Adoldty, 2ol AARE =EEHA HY, FEA
o] FHol wet 2F G0 HAE Y, FEAF 2% (sand burn on) Ei §&

(sand burn in) A3

o] WhAY H = Qlty O¥ 4+ UYHFAE ¥ kAl

Fig. 4. Example of sand burn—on and sand burn—in of foundry sand
(a) Sand burn—on, (b) Sand burn—in
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o] 7V YEA, 4F FEAF AR dist 24 ST
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T TEA ARV BYE S5y 2 ES A9 %(1,1007C, 1,2007,
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Fig. 5. An example of a cast steel test piece drawing, a mold schematic
diagram, and a cast test test process for comparative evaluation of burn
rate by casting sand

(a) A cast steel test piece drawing
(b) A mold schematic diagram
(c) A cast test test process
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Table 4. Evaluation results of various foundry sand properties

oz ojs 2 3 E (wt. %)
= N stap Ze7| FEH | ustz Hy
H= x| & S | eya =13 C c
HEF I(;rF(NA)FS oo | B 1= | G (XRD) | (SK C) A%
5270 pass Al20; | SiO2 | Fe203 | Na;O | K20 | MgO | CaO | TiO2
L2ZAZALA 588 | 002 | 169 | 272 |60.10 3590 | 1.09 | 045 | 037 | 0.00 | 044 | 0.74 | Mullite (= fg:goc) 0.95
E< Y ) 663 | 280 | 171 | 265 | 6217|3303 | 140 | 001 | 020 | 022 | 026 | 271 | Mullite | _ fsgac) 0.92
AZOI DA Mullite, SK32

Zol3AtC 658 | 003 | 162 | 266 |4320|47.70| 501 | 053 | 016 | 0.68 | 0.79 | 087 | o i | 7o | 093
AZolZAl Mullite, SK36

Zol3Atc2 65.3 | 003 | 121 | 189 | 4950|4360 | 247 | 075 | 015 | 0.85 | 0.84 | 069 | o ot | jorye | 093
AZdo| DA Corundum/| SK28

ZUZAD1 428 | 005 | 186 | 293 | 68201930 326 | 017 | 071 | 139 | 244 | 312 PO LW oo | 092
2ZEAZA D2 493 | 002 | 194 | 322 |74.10|1240 | 296 | 0.11 | 0.50 | 025 | 0.84 | 3.28 (Corundum, ('—153;0 0.94

Corundum, SK38
220|3A
283 4tA1 67.0 | 043 | 208 | 301 |7854 1512 | 179 | 0.06 | 050 | 026 | 0.36 | 3.37 [“y ™ ol | 095
28UATA A 628 | 010 | 198 | 295 7355|2075 201 | 001 | 031 | 021 | 033 | 283 | Mulite |,_ f;(;gdo 0.95
28AUSAA3 65.0 | 090 | 201 | 299 |77.86 | 1423 | 3.05 | 0.00 | 0.14 | 006 | 0.19 | 431 | Mullite | _ fgfg,c) 0.94
2893 AA4 636 | 096 | 203 | 294 |7503 1878 | 228 | 001 | 028 | 0.18 | 0.31 | 313 Corundum SK36 |4 q4g
Mullite | (=1810°C)
2834t 648 | 020 | 1.8 | 274 |61.20 3230 | 157 | 0.06 | 021 | 030 | 1.24 | 2.87 | Mullite (= 3533;0 0.97
Mullite, SK36
EMQIZA s
FLHQAZALA 440 | 020 | 134 | 268 | 4833|4694 | 0.91 | 0.04 | 046 | 045 | 0.17 | 283 | oo | qg10)| 074
Corundum, SK37
212 A dum,

QI Z At 517 | 071 | 188 | 3.02 | 78721551 | 141 | 005 | 027 | 025 | 055 | 324 U ™ Josn | 075
EHQIZAC 555 | 090 | 179 | 31 | 608 | 381 | 045 | 0.10 | 0.15 | 0.10 | 0.05 | 0.15 | Muliite (1?323% 079
THAHHIEY) 5843 | 034 | 1.63 | 246 | 063 (9898 | 0.01 | 0.01 | 0.15 | 0.02 | 0.01 | 0.02 | Quartz (15‘523;*0 0.82

FAET) 349 | 009 | 159 | 245 | 067 [99.12 | 0.01 | 0.01 | 014 | 0.02 | 0.01 | 0.02 | Quartz (1552‘;2‘0 083
J20t0|EAL(HOHS) | 429 | 0.05 | 282 | 4.39 Cr203 51.4%, Fe203 19.3%, Al.03 17%, MgO 9.9%, Si02 1% | Chromite (158';30?0 0.87
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Asle 1 9 dFeAe AL ABAE BRAUEs A AR A
71U E 2.45~2.460° ¥l& #krh T3 A FAF tiH] AlLO; W Fe,03
Fgol u, Si0, Bl e BEATALY ARAUEI 22U BAY B

R7|HERY £

FEAE FPS AZT W, FEAE T AQL ASE F2A 4L
Ao Wb BAW A FYS AL W, FRA USSR e
o FEAF B F, FRAY UnE 2PAL] LG FBA ALE
b pARG B3 FPAGE] AFH FEA S W AZE 239
T, 875 7Y T, GAA AN £33} FEo] FAR Fel I
S FoE, 732 29 W oFd AR /13, AAR, A 59 AAF
F TE AAFES wARG Bebd, AFA Age] 9lof, WEE F2TR
o o 7o) whet weis|ojok @ Abgrolvh

X 4o & AFolA B7tE AF FEAS] WD-XRF st #4437,
XRD 22545 B 74 FEY 244, UI=E YERTh

HEGAE 1A e 5574 1A Si0.2 ZH2E 98.98%, 99.12%°17, Al,O;
= 247 0.63%, 0.67%, K02 0.15%, 0.14%°]1", 1 2] Fey03 NayO,
MgO, CaO, TiO»Z 7z} 0.01 ~ 0.02%= st vt v|=F7443
(Steel Founder's Society of America) A& - AZFAF 174 [37]129 3}t #
AFFQl Si0, 96% ©17d, Fey03 0.5% ©]3}, Ca0 0.6% ©l3ts F= I},

JolF Ak A7kl EANE Cry0s 51.4%, FesOs 19.3%, AlyO3 17%, MgO
9.9%, SiO; 1.0%=EM, W=F7H3] AZnfo]EAL 7174 [38]9] A At
kol Cry03 44% ©)%F, Fes03 26% ©]38}, SiOy 3%°]8}, CaO 1% ©|3ts =
=3
Ao HrtEl AAJFA, E§UATAL
AlLOs % SIOEM, dFuAe 74 vsts 4
A¥E AlLOs 60.1%, SiOy 35.9%, Fe;03 1.09%, TiOs 0.74% ©|™, =1
Nay0, K0, CaOx= 27 0.45%, 0.37%, 0.44% o]t} WA, AA A}

=
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Aly03 62.17%, SiOy 33.03%, Fes03 1.40%, TiOy 2.71% ©1™, 1 £ Nay0,
K0, CaO, MgO+ z+z} 0.01%, 0.2%, 0.26%, 0.22% %M, A FAF AS}
vl ste], shsh gt Ado] A AoldrE & F Stk =, TdE Az
PREAZLAYORE AZXEHJAG, 2dAFA A A5FES 1FES] &
iy, 2ZR1FA B fR5FES HAOES IHE PEo] I
ol 7]Qlgt stediEateo] whet Q1FALe] A Eo] Aolst Ao we ¥

it

+

A rAdH o7 Az 2AJAFA Cl, C2, D1, D29 dsh gt zHzt
AlLOsE 43.2%, 49.5%, 68.2%, 74.1%°] 1, SiOy= 47.7%, 43.6%, 19.3%,
12.4%°19, Fey03%= 5.01%, 2.47%, 3.26%, 2.96%°]1, Na,0= 0.53%,
0.75%, 0.17%, 0.11%°]1, K0 0.16%, 0.15%, 0.71%, 0.5%°]", MgO
+ 0.68%, 0.85%, 1.39%, 0.25%°]3l, CaO+= 0.79%, 0.84%, 2.44%,
0.84%, TiOs 0.87%, 0.69%, 3.12%, 3.28% =M, AFAL AFE 3}AE
ZA ko) 7} Atk AAQAFAF C1 % C29 9EFES ZHEAY oo, &
AAFA D1 ¥ D29 983ELS HAAo|Eo|t) ulebs] d8FE] BE
4 SFatolef 7]1dk sfshdEatolef ojsk Ao E ek HU)

olggAlHO 7 AZXH LFAFAL Al, A2, A3, A49 3t e 77
AlOsE= 78.54%, 73.55%, 77.86%, 75.03%°] 11, SiOy= 15.12%, 20.75%,
14.23%, 18.78%°]7, Fey,03%= 1.79%, 2.01%, 3.05%, 2.28%°] 11, Na,0+=
0.06%, 0.01%, 0.01%, 0.01%°] 3L, K20+ 0.5%, 0.31%, 0.14%, 0.28%°]
MgO¥E 0.26%, 0.21%, 0.06%, 0.18%°] 3L, CaO= 0.36%, 0.33%, 0.19%,
0.31%, TiOs 3.37%, 2.83%, 4.31%, 3.13% ©]t}. SiOy, Fey0s, TiO, &3]
EETE ALO; o] W AFdo] vk e Axy 9 d5FES] F

o7 AzEPO U, Az AFAL AFS s Afo] o] HAA AN A=
FEe] BIALE AHA] 9l 53 Zpole] st Ao w ek Hrt,
$5AFA B 8RS ALOs 61.7%, SiOs 32.8%, Fey03 1.57%,
Na;0 0.06%, K;0 0.21%, MgO 0.3%, CaO 0.24%, TiO, 2.87% =X, 274l
A B fFAReE stet R =S 7Y &, Al Adolshy, de%

Fo] nAtolES NYERA, BFo] FURAL, A HEYE 24 S 7}

—
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A FEo] AFEE Aoz It Ho)h
EHAFA A, B, Co 3 EE 7+ AlL,Osx= 48.33%, 78.72%, 60.8%
o)1, Si0y= 46.94%, 15.51%, 38.1%°]1™, Fes0s= 0.91% 1.41%, 0.45%

o]31, Na,O+ 0.04%, 0.27%, 0.15%, K;O% 0.46%, 0.27%, 0.15%°]H,
MgO+ 0/45%, 0.35%, 0.1%°]3L, CaO= 0.17%, 0.55%, 0.05%°]™, TiO,
= 2.83%, 3.24%, 0.15% °|th. A AFAF A%t Be 83 ES HAAOIE
2w Eo|], BT CO ARFEL FFA 0 o] Fol met she}
BT Aol Aow ot FHu},

9 Ane Ea ABAY HEAEe Az wrh ARYEo FHopy ol
g AW AW, mF, ARYE JF L ST etAn sdegRel 1ol
7} e o s ®rk

Aow @
e QEBER WA E} BE AR

A = o, ALOs o] Fo
W, 4EFEE HIAAIETL ALY FF, dE d4R3F=d AHEE dEA
il =2 TiO, &= WERSlth &Fuy 9l F540] A5d=2 A
H AFAE ALOs% SiOg=E A3 FegOs, TiOp 9 7B LS &l
Sk

XRD =#H%4d= T8A, 4F =4 AR A= FEEEY,

7)
crystalline mineral) Z/dol] ot &4 éﬂr, W 2G4 A 2 S A A
o] FEAF(PEYIH, mineral facies)S A9 (quartz, Si0Oy), ‘Fol+

EAtE FEAL A2 53X (chromite, FeCry0y) & 4 %31,
A

b=

A%t B, €8AFTAF A2, A3 ¥ B, wHAFAF Co FEALLS EIHOIE
(mullite, 3AL,05 - 2Si0,) & FA1 Hglow AZAAFAF C13 C2 F <
FAF A Fo T FEAS BefolEoln, Aol dF xd Flow #
AERom, AAJFA D29 FEAS FHY (corundum, AlO3) &2 4]
HQlar, 24AFA D1, £§AFA Al, £8AFA A4, BHAFA B =
dd 7 BololEVE EAE FEAO R BAFQT W fFEAMHORE A%

i,

Uiz Ad H=A9 A7|I7F @k
ofAGAMH O R AxE A3Ale &8 BAF Al wRoR & A3}
&t7] dofl gargrel wet mag Aol War, 1ol wEk Ak A, A2 5
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Fig. 6. AlxO3 content of various artificial sand and refractoriness relationship
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(a) Al2O3 content and refractoriness of various artificial sand

(b) AlxO3 content and refractoriness of artificial sand manufactured by
granulation and sintering

(c) Al:O3 content and refractoriness of artificial sand manufactured by melt
spraying

(d) AlxO3 content and refractoriness of artificial sand manufactured by the
crushing method

(e) AlxO3 content and refractoriness of artificial sand which is a single mineral
composition of mullite

(f) AlO3 content and refractoriness of artificial sand with mineral composition

of corundum or corundum + mullite
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Fig. 7. SiOs content of various artificial sand and refractoriness relationship
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(a) SiO2 content and refractoriness of various artificial sand

(b) SiO2 content and refractoriness of artificial sand manufactured by
granulation and sintering

(c) SiO: content and refractoriness of artificial sand manufactured by melt
spraying

(d) SiO2 content and refractoriness of artificial sand manufactured by the
crushing method

(e) SiOq content and refractoriness of artificial sand which is a single mineral
composition of mullite

(f) SiO2 content and refractoriness of artificial sand with mineral composition

of corundum or corundum + mullite
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Fig. 8. SEM observation photos of various foundry sands
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(a) (b) N

) © ®

) (Y U}

Fig. 9. SEM observation results of sintered artificial sand manufactured
by the spray drying sintering method and molten artificial sand
manufactured by the melt spraying method
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(a) Sintered artificial sand A, (b) Sintered artificial sand B,

(c) (f) (g) Molten artificial sand A3, (d) (i) Molten artificial sand B
(e) (j) Sintered artificial sand A2, (h) (i) Sintered artificial sand A4
(k) Molten artificial sand Al
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Fig. 13. SEM pictures of molten artificial sand tested by heating and
quenching at 1,100 C
(a) Molten artificial sand A3
(b) Molten artificial sand A4
(c) Molten artificial sand B
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Fig. 14. TMA (Thermo Mechanical Analysis) results of melting artificial
sand A3 and melting artificial sand B
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Fig. 15. DSC (Differential Scanning Calorimetry) results of melting

artificial sand A3 and melting artificial sand B
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Fig. 17. 1,500C explosion heat resistance test result of foundry sand
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steel test pieces of various foundry sands
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(a) Two coats of alcoholic magnesia—based coating agent
(after shot blast)
(b) Two coats of alcoholic zircon—based coating agent (after shot blast)

(c) Average rate of burn—on defects by various foundry sands
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