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Wet regeneration and optimization for circular use
of foundry sand in casting process
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9 Q9 °F(Abstract)

This study attempts to derive an optimal wet regeneration method for circular use of waste
foundry sand including inorganic binders. To this end, the regeneration method of waste
foundry sand using two types of binders was experimentally identified, and the total cost of
the wet regeneration including wastewater treatment process was calculated to analyze the
economic feasibility. In addition, the environmental impacts of the wet regeneration of waste
foundry sand proposed in this study were compared with landfill treatment by using a life
cycle assessment.

All of the binders were removed by washing twice with water for the molding sand
containing the sodium-based inorganic binder (S binder). S-S binder in the molding sand,
with surfactant added to S binder, was cleaned by a potassium hydroxide solution and twice
water cleaning. S-S binder in the casting sand, with powder type additives (P additives),
was removed by washing a potassium hydroxide solution and trice water cleaning, while the
P additives remained 78% adhering to the surface of regenerated sand. To evaluate the
reuse of regenerated sand, the primary waste sand was regenerated and recycled, and the
reuse experiment was conducted up to three times. Even if reused three times, the
characteristics of the regenerated sand appeared the same as those of the new sand,
confirming the high efficiency of the wet regeneration method.

In the scale-up experiments, the regeneration machine of 100 kg capacity and the
microwave dry machine were utilized to regenerate waste sand in large quantities and
evaluate the properties of regenerated sand. In addition, the casting performance were
conducted using regenerated sand and even if the regenerated sand was reused twice, the
quality of the casting was similar to that of the new sand, confirming the practicality of the
wet regeneration method. The wet regeneration process inevitably generates wastewater, and
a coagulation experiment for wastewater treatment was conducted using the iron chloride,
and pollutants contained in wastewater could be removed through the coagulation treatment.

Based on the experimental results, an economic analysis of wet regeneration including the

regeneration process and wastewater treatment process was conducted. When the physical



and chemical methods were used together, the recycling cost of waste sand was 167,200
won/ton. Therefore, considering the purchase cost of new sand and the cost of consignment
treatment of waste sand, it was confirmed that the wet regeneration method is economical.
In addition, the environmental impact of waste sand regeneration was analyzed through life
cycle assessment, and it was confirmed that it is an environmentally friendly treatment
method through wet regeneration of waste sand due to the avoidance effect that can reduce

the amount of waste and replace new sand.
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Literature review
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Wet regeneration Scale-up experiments
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Fig. 1-1. Research flow chart.
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Table 2-1 Casting production status by material

unit : million won

2014  2015(E) 2016(E) 2017(E) 2018(E) 2019(E) CAGR

Iron 116,717 120,658 124,074 127,004 129,497 131,603 2.43%
Aluminum 41,785 47,413 52,686 57,432 61,553 65,020 9.25%
Copper 9,099 9,100 9,101 9,102 9,102 9,102 0.01%
etc 7,527 7,528 7,529 7,529 7,530 7,530 0.01%
Total 175,128 184,700 193,389 201,067 207,681 213,254 4.02%

ref) SHE BLUMZELZAM L HHE +Z2FLGEH Z/E!

Table 2-2 Casting companies and output by area in 2019

Busan/ Daegu/ Incheon/

Gyeongsangnam-do  Gyeongsangbuk-do Gyeonggi-do Others  Total

Company 24 24 21 12 81
Output
158,640 167,293 73,253 76,175 475,361
(ton)
Ratio
33 35 15 16 -
(%)
ref) BF=FE& &5 X Bl (http.//www.kfca.or.kr)
Table 2-3 Casting companies and output by sector in 2019
Automobile ndustrial - Heavy Cvil Ship Total
machine  equipment construction
Company 25 10 12 12 5 51
O(;J;E;“ 215681 64,324 56,764 35489 13641 385899
Ratio
(%) 56 17 15 9 4 -

ref) BtZFEEEF /55 Z B (http://www. kfca.or.kr)
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John T. Fox[22]= % &% 4 f7|stets W&o Ao 70%E AAst= 7108kl
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Table 2-4 Patent trends by major companies for inorganic binder

KR us EP JP CN WO Total
Ask 17 0 27 27 20 21 112
Foseco 4 1 9 9 2 6 31
Toyota 1 5 5 1 2 3 17
Minelco 2 2 4 5 0 2 15
DR Axtion 2 0 4 0 2 2 10

ref) 2017 KITECH patent strateqy support project
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et ew, Wk TAke] b ol THE = A WERsk
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Fig. 2-4. Generation of waste sand in casting process[29].
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2-6. Process by regeneration method[30].
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Table 2-5 Patent applications for major companies on regeneration technology

KR us EP JP CN WO Total
Hefei city 0 0 0 0 14 0 14
Kao 0 0 9 0 0 0 9
Ask 1 2 0 1 1 1 6
Sinto 0 0 6 0 0 0 6
Toyota 0 0 6 0 0 0 6

ref) 2017 KITECH patent strateqy support project

_16_



Table 2-6 Contents of patents for regeneration technology

Regene Target Cleanin
Number Applicant Title ration . g . g
binder  solution
method
Apparatus and a
USA 10035181 oMo method for dry & - sodium e
[31] reclaiming foundry wet silicate
sand
Regeneration
Japan 6445334 Asahi method of' dry & sq@um water
[32] recovered casting wet silicate
sand
Regeneration
Japan 6445333 Asahi method Of. wet S(.).dlum alkali
[33] recovered casting silicate
sand
Regeneration
Kao method of dry &
Japan 5110984 [34] recovered casting wet furan water
sand
China 20223o4gp '\ngxia  Waste foundry sand —  sodium
[35] reusing device silicate
China 204657398  SN© Casting sand —dry & sodium
[36] regenerating unit wet silicate
. Waste foundry sand .
China 107983907 Hefei regeneration wet & sg@um acidic
[37] thermal silicate
method
Waste foundry sand
Pingdingsh dealkalizing .
. . sodium -
China 104959531 an regenerative wet . acidic
) silicate
[38] production
equipment
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Fig. 2-7. Regeneration process of Sinto company[31].
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Table 2-7 Korea patents for regeneration technology

£33 M3oha g FREFH EHeI HlZ
=7IMo| ©45T 1. MZAR(FAALH 2-4%), )
auklngLHI;fgr‘ BEEZAM(E2IH 0.5-2%) ol S35 HA
i o FEA WA 2 HAM(BEIH 0.5-3%), - (BA71Y
7}3 Ol'l:l:l 7|- 7451 = K| A M 0, [40] =7
sl =D A3 FTX(AME| 0.5-3%) ZESEH
CO, 88 F=M 3. ZE 6kg/lcm? 0|4
1. OHEEE Ch ™X[Stod XH
FEA HAELHIE HESA 7HAl oFE MH Y Ax 7Y 74l S5
AR A 7| = = 2. 39 +35 9 $ES2 [41] 2012.10
7|82 CHEEESE MK
Mg, 22, 4, oot ol &Y
] Mack  Ha 1 E ,
HFEAME 0|8F ;'Lr COP “&_' AT MTHRIAKSulfamic 7HQl S5
M Zejol MEYHY N acid)ol EEMOE B, £, [42] 2007.09
7|'ﬁ = ErtA
=T
ZE2WE o|8F A4 1 HFSA B - 20 28 - s i ==
H=E=2 &4 74 H= ~o Tl = o ﬁEHKP%xl' o=
HFESAF HZEA| HFEAM & ZET FA > AX - A0t > [39] 2012.01
E=IFSeN &4 HMHE '
1. 23 HFESA DEHTAACE
xxs HzsxlH 22
HFEAS| R4t sEo|  aAl 2 AR} ARIZIZ MH 7HQl S&
o 7 Ex| -40:;)& =73 XMElsE MExo| 2ol ofm, [43] 1999.04
HFEA 5% 3 HERZ MAS
4. FEM U=
xs2 s4A FENY ol -
F=28 3= _ 742! S5
o AI2=El A Al 29| 3|5Al0 &8 237t
3= A
1. ERc+SE4E= o ZEHMIE
AHEE HFE A
2. 3cmO|3tE HFEZ AL THAf or
- S2ogz  HaAl ot Meio| %
mgAol gx  EnClE DA msglol ¥xiEl sk 5%
A Al A E &  3.200%C, 5-82, 2E{E| Z& (45] 29015.08
ce HZEA AN SMAHIEE(80%UA)E MM '
H#*E A
4. 282 74 HIg YA, otdE
AAlof =g
1. oX| £48 z|4stE R84 JHol ==
HEEA YR  HESA LY M Ttz [45 20?1_'09
2. LH® 2% 680-700°C :
SR e Sk 1. MY FEAE 0|88 =8 Mz KAO S5
M= e [47] 2015.08
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Fig. 2-8. Regeneration process of Hyundai motor company[39].
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I MEYUo|Eol AL Fx T4 AHRHA Fal FAE AR T FTAE A
o AE2 FEAH MEYOE AE 55 44 AR Ao FE& e T ol S&
3] ArrgE & #H7] A shr] widol] Table 2-99F o] 1tddt AP E B3] ZALE AR
HA EAZ AFES=E Aol 234 d = Utk I8 Y sodium silicate A|F ] F7]ulH = A
3 A B 7Y e AFEE 5 Tk

I. Izdebska-Szandal48]+= furan resin¥} soluble sodium silicate®] thermoplastic polymer<}
emulsion polymerizations 1% H7le] W= vlelg o] Z3}A <l ethylene glycols Y o] A+
54< Brbeta =94 Qe F8 AAAe SAS "Hrbskdd 5480 &4 2 clay,
et HALY &4
A ARE T A 70%= AAFEol Theeklth ek 20139 el = HARe] 108 A
| 545 EASATHA49] 12 QAL wRelY §FEe 0.7% % =A UERs AR, 33 2 A AL
FHE= 06% olet= detekar o= 103 AAAEA DA eA A E A T3 LOI, bench
life, bending strength= 33] AAWAEH AASA FA=H A dAAE At FA oA DA
e PES ZAYE ARR ARESAY ALY ZA A 7Hsd SO e wRoR

A AESE dTE A

B\

homogeneity index, dust, loss on ignitron (LOI), bending strength&

.

Meera K. Joseph[50]+= HIEUOES HAA R AFEd= A28 2 39 JAE B840
2 AgAste AdS APk sl LOIY bending strength #4158 Ea AAE 7t5A S H7tet

Gk #HAFY LOI= 1.2%, 4%+ 48 N/erolar 12 A AAFY] LOI®F A== 42 0.72%, 75
N/ene] k. 5xF A A L] LOI®F s 2H2F 0.56%, 140 N/ew = YERY A AR LOI7ZE ut
FE =2 FEE Yeud,

M. Skrzynski[51]2 F71upltief F71ukely FRol we HARS &2 Al gk A
5 sttt AFEE HAFE geopol binders AF&3H HAF 70%9] Rezolt( 1), Estrofen(Il),
Avenol(Il) HIITE AFES #HAF 30%E AR &8 wolgE ARESE #AAF 70%0
Estrofen HFIT(IV)E AH& S #A} 30% 5 4ol Aol AR&stAth 54 42 3%, 9%,
LOL pH, Na,O, ¢1% Z=& g ABALS 33 AAHElS We 545 vlasiaith
[- #AArAE s A ost g37F Egor)t, IV #HlAE 140-200C = w8 7hgsfioret %
TS T3 veIgE A AAL & AT 1Y ABAE A EE FEAFE 20% 4 o] ofvt
ARGl 7hs 3 AT

1

o
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Table 2-8 Paper lists on the regeneration of waste sand

Binder Sand Method Criteria & results Use Reference
pher.10I natural thermal LOI 96% casting [52]
resin
thermal & ,
pher'lol natural  chemical LOL, cgmpressmg casting [53]
resin . resistance
solution
bentonite natural chemical removal of heavy metal, castin [54]
solution Pb 100%, As 71% g
crusher & chemical composition,
bentonite green : Fe,O; 0.32%, Na,O casting [55]
mill
0.16%
bentonite reen nothin partial replacement of mortar [56]
9 g natural sand, up to 30%
partial replacement of
bentonite natural nothing fine aggregate, up to concrete [57]
15%
bentonite natural nothin partial replacement of concrete [58]
9 natural fine sand, 5-10%
sieving, partial replacement of .
under #100 clay, up to 15% tile [59]
bentonite natural nothing waste foundry sand & embankment [60]
recycled glass
partial replacement of
- natural  separate find and coarse concrete [61]
aggregate, up to 30%
partial replacement of
- natural nothing fine aggregate, up to concrete [62]
30%
i i . partial replacement of
nothing natural sand, up to 20% concrete [63]
partial replacement of
- natural nothing portland cement, up to concrete [64]

40%
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M. Lucarz[65]+ furfuryl alcohol ¥}l ¢} Z3tA] &2 sulphone group= AF&3F f7]upelt ¢
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Xiaolong Gong[66]i= WEUOIES} HE vidulrt &3¥ HAARY 524 Ao dig A&

sy A WS S -2 Al e A= A, & F9-d £ A
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S EFstel A= AT ARNeH[52, 53], ABAE FE2 A
a7fska v 2y FIHRRIgE ARRRE A A 24 S s Y, skl e ¢
HEk AAZE o] WAt YA AdF-E HolA ALEsfo

Sourav Kayall67]> A8 Fxd A5 = WlELo]
silicate® AH&-gH HAFS] 72 F24] A BRel] dis] dFstah 14 AL A B

93 A&l A SR WU F AATEL Ba FEA EAA "ol welnE AAsC,
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X
il
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>
ofo
r {
o,
o
fo
o
3

3
s2 AL HAR din] 11 FARE &S ¥al weke § 48AIRF whAleta Axsith A A
Abe] BAS AR, Ak, &5 AE A9 AE, 7k T2 SASAT WEUCES AHET
A4 AR b= Ame dAbRG dAE ko, 54 A o= dme dAkek A
AbsHAl e DAY AEE 45 AEe Adet fARSEATE Sodium silicates AFE-g A A
AbS] FTIEE AR Y =kal A4 AR kSt Ad A AR FARSEA AR, 54
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TS 4% ket HALE Qe AT A 9% AR, e a2 F7IRE SAS
of Artel AxE Wt} Zitian Fan[69]%® &2 S AFE3F dALS A2 Wiz 54 W
How AAstAth A4 WS vkly AAE] 20-30%%E SR o, 524 RS Bkiy Al
7A&o] 85-95%E =UTE Lichi Wang[8]l> &Efzl& A& #HALE 52 HHo=E A3
ow, A HAHAM s FIEsEATE BIY AAES QALY NaO AiEs &4 5k
Abst et 280 2o wet vy AAES B2A JdEYeH, Hd 90%°] AAEES
e AT

Dewi Idamayanti[70]> &2 v E AF&3l] CO, 7t== A 3kst HALE 524 A=
A Agsidn. #HA e A2 A or S 5 HAF diF] 111 RlER =5 Yl
1400 rpm=z 1% wWHkek & = 53] A FHstg AAALe] B L0 Y%, dust, sintering
pointE Wastdet. LOI= AH 347t S7FE45 Haste] 53] AlFg A AgAke] LOI=
0.35%= ARS] 0.31%9 fFrAbstAth dAke] Y= AFS 8lellon, 13] A=g A PAte
Y= AFS 560130 AlH Sl¢7t S7eEas AR Ao FARSEA T A ALY =4
5 AARel HWstAAI R, A AAALE Al TA R THEo] AR THsAd S HUbsh & kth
Mateusz Stachowicz[68]:= Zrg] vl E nmloj|a Y olBE A33F HALe] dry activation
¥} wet activation 32 AT Fg-o EAS FHAY. 5 B4 U E A A=
A Aes JAPsgd. S8 v Si09r Na09 Hl&9o] 259 sodium silicate 1.5
wt%E AR&SEAar mRlt o] HAE S Folr] fla] wwk HAd A 05 wtke] ES FUIE ¥

Ak AR A AN 2 ARE

2 RS A ABAY B 542 Ak AR A RS FEARSE 1A
el 100% AAFE-©] 7Hs skt

R. Danko[71]%= %7]9FIT )] Rudal, Rezoliteh = whelte] &3te& AMEahsle wf 2Ast
= HALE 1A B84 3 F 23 F24 A S 3 AAAY 5A4S 2AsA T F2
A FAL Wk £eop Wk AFS BgR ARgEl o, QA BAS AR 4, dust
&=, LOL pH & %8sttt Rudal vBIHE ARESH HAR= W &% 560 rot/min, RF
AlZE 15 9 o NayO ko] et frAbskaith wgk S%71 |y wEd FEAE &4
of T2k 54 U FFE& A= Aom YEy

Lichi Wang[72] sodium silicate 71817} AFE-H HALE 54 AAstHEA SAsH= 7
Fol AL d&l) ATt He= 123 st quicklime powderg AFg&3he] 7Hd AT
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g gastgon, 71 £%, A7, quicklimes] Fo mhE shgachel 4 E&S vk
AEAow o2 ¥Hael A wIdE A8y 98 FE B4E ARsA. A5 A
& 020 olgolglon], AN HAH S ol §8 FEE 4 Bhele Fush fASA U
Bk, 54 A A A Aol Aol bsd FueINE FFete ATE A
Y5l o,

B9 wIEE ST S

i)Y

2 ABE w AREshe AlFAE 2% AL HEF[T3]
5% FAFStUEE([74], 2% SAAHT5]S AFESH AsiAF7F AATE Sodium silicateE 7] WHE)
Frimpi o] A2 A4 Ee dA QARG F24 Aol o3k Wy Ut e, F
2 A AREEE AHANL = A, 9718 &9 Tol trdeA AR E L Aok ey A
e 54 42 AE, dE A% LOI 59 tdd W e S8 dArke 545 vlasta
DAL, ABALE o] &a T e FYS e FxI F FE2EFY FHAS N =2

71¢l glet.

_26_



25 A4 H7 (Life Cycle Assessment)

ARG 7hE AFolvh AMnjzo dAaA, S A5 AFH, AF Az, AF AHS 2 #7373
oA A= FAFEFES HUrste EToltHT6l. AAAF M= vheket BHAA AlEe A
B =ol7] A% WIS AAstL A, AR oA AR ARNA A ol AlE
= A9 Al Y3 ARE AT 5 ATT7L

AR H 7= Fig. 2-99F 2ol 52 3 e A H534, 9FH7E 2384 & F 4
AR FAE] ATHTE]. 52 2 W A2 (Goal and scope definition)= HAAAH7} A=
A ks dAte dAEA, A" BAE AAste ol E FHsta Ve 9elE AA
Al fvk B4 Hele Aot i & wel gAY, Ao s 245

228X (Inventory analysis)e A]l~®]l WMo 93t inputd output

dolel & Fhste BAE, A7 ZA WA dolgE FHst: o Fastt 93t

FAbsta HrketE B ok A3siA] (Interpretation) < & 512

.
3 g@gPst AE 2A D w9l golel WA ANt dAelm, g4 A4S A AF 9

Life cycle assessment framework
Y T

Goal and scope »
definitions #

F 3

h 4

¥

Inventory analysis Interpretation

A

&

Impact assessment

h 4

Fig. 2-9. Phase of life cycle assessment[78].
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Fz 3R U AR Kl £ WMEVES AAAZ AT =FE] 9

)

S Qe FMIHE SRS Wl ANAFAE HEF =

Anamarija Grbe$[79]3= Z Zo}E]o}oll A silica sand 1ES WE uf 2A3= sHE9sES Ay

AH 7S o) &3] EAstH T mak thekst M o 2 silica sandE YFE u] W AlstE s

S vadte] HA o WHS A A&} Silica sand A FE &S load - feeding - washing
- classifying - dewatering - drying &9 1571 ¥74e°] oW, washing &4 o%F

electrostatic and magnetic concentration, flotation, gravity concentration®] & 74< A<

) A shE B G stk S s AR, AV, oFF S A8l o7 9F

Matthias Fawer[80]%= F7]vlt) o] F95Ql alkali silicate glassE Y& w &3, oy=x],
1y H7IE, 7] MEE oS AHEst AAAHIME T oo 72 AFEEHE life cycle
inventory & WHE At} Silicate HFJIH T ol A Si0.9F Na,O°] H]&©o] 33 20%2 FiE3to H=
= wEdlow, frinkle el Frinkit S AR S
TS Aow FdH,

Gulnur Maden Olmez[81]2 FE 3} +7 Fx9 4 9IS AAAHHIE ol &3] 454
th AaggG o] ALgE W2 IMPACT 2002+ AME39la 7l sd9 =

1
om AR oY Fx T4 F F4L WEE FAL BAID] A ¥

S, q 3 g =A e 9
k5 7} 3% = human health®} climate change® <d3Fo] =4 Jelyth vty F+x ¥4
AL v F 7HA] JdEFH7 5SS Fd 5 e wFgor AAd e HH, JdyA AES F9]

A 7] MiEEs AT F e AY F5S @itk
Jozef Mitterpach[82]& &=Znl7]o} 4 Fx F39 37

= FEFEoIH, JFF7 W T

2 AR&etlal TA= alphaset #F7|HIITIE AMEdteE T2 3AS SR FAsAH &

3 TN WA= A tA] AALE S E A9ol e FYgdS it A e

F8& wE o HAES AFRSEHA 9, consumption of resources, ecosystem quality, human

health 50149 #4FFo] Fastdrh. =3 Axe AAGE FBA 74 1§S £
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Stephens Rober D.[83]2 ¢Fv|HF FF AFEEH & lost foam, semi-permanent mold
(SPM), precision sand #H o] that AHRAHNE Ea 4G FS v wstHrt Lost foam™}
semi—permanent mold W& 9] dEo A st Fsko] H]S=3A YEFSEA 9 precision
sand9] FH G 2 WHET =4 et Raw material consumption 359 A= lost
form¥ SPM¢| A& Ao FAe o™, precision sand ol A G eS =A ey
Energy consumption, CO; emissions, solid and liquid waste &0l A% precision sand %%

o] ot F WHET 74| F=Urh

Ozge Yilmaz[84]l= F3 Fx ¥4 &9 dAdA TAst= S4dGFs dAGF7HE o

&3 EAAY. AT 54 Fd Fx 349 dAe dAGES Hukek ¢ SH IS
=9 F U= Ay HA Weks AT s @9l FEH 1= AdbelH, 3 WELo]
EEZ HAAARE AFE3Y L FAE= phenol-formaldehyde ®}FQIH S A3t oA &4 &

oAl LAstE AFIFS 1y HrE, 7] EEG oA Lvld ofgk o]
Bttt 4 9Eds Fole W
Aolth, 3 Hlug&HS A5 2-4E AAEsts A= T2 WRiolgtal AAE A
Samue Ghormley[85]% F# Fx FFolA LdAst= HALY &84, €4, vfo]a=Z9olH
NS Fal ALY g HE HAE dHdA AAAHHILE T FAGEFES EAEA
71e 99 E 159 FTAoH, MEE FEAY AFE AR ol 93 GHG emission,
ecotoxicity, human health &&oA o] $7ddgko] A sAT
ddoll A A H-go]l FrFEAIRE A} ) Aol WmE FAE AT i AVlE METFS
e 4 o] 3AA o]50o] Yt} TS ceramic sandi= silica sandX.t} Gt H]go] =X

==
=
Fx el WAt BAS U F A1 dA4E ZEH PR AYITE SR
%

AAHE Aets Ao A4 Hgel FARAN, Qb FAFS 2D F A MFHE AM

= E2d 3o A SHel Al ofd 3y dFew Qs AL} HEo] AEE
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AAE EA2 YA, FE T AMEFS VIR AN T U vES Hhstke] 9
AR el mEat mlarskojof ek HFEAbe] A Al I AAld E4e A
obuet AN LA HAFA ol I wE = E3FEojoF Frt

Lichi Wang[72]& F7|vlIH & AHE3 dAlF=4ke 54 AR 24 des v
vl 2 AALES7]) 98 M ATE Aasts dTE AdE. o] dTE E& A
T Ao vt E AAASRAAR 54 G A A e Ak ATt
ol AAHez 54 Ao Adasds dAetet=d AV Aok w4 AR A LA
g sl A T o=l ug SAgeto] A olor shi=tl, ofo ¥ A7t 3

ae7] WEel AFEAe] BEHAES Ba A5 54 AFAow websart

o
R

0%
ol

rlo
HE

g

o

S. Ji[86]% green sand, furan sand, phenolic sand, silicate sandE th%3k Wi o] &&H A~
EZE %3 32% 9] polyaronmatic hydrocarbon(PAH) (Table 2-9)2} As, Ba, Cd, Pb 59 11+
o TuH AR o B FFo HAbell Al 30%] wzerle] HEE LAl green
sand®] PAH %&o] tr& T/ #HAIEY =4 YEwth 59 silica sande o] &
NA o FAART PAH o] @ o2 Haskglt

F AT EdTdY] ‘FETRE AFEAY ST AE 2 AR we] Wb A7
A= wWlEYo]E | furan, sodium silicate, phenol 52 HIQIGI 7} A& HFEALY] TF5%
S X351 HK7]. PhenolS AF&3F & =382 phenol $+&o] EUCA7|FHT) 1.5¢
YEEAI T, 8 AlREe 7ISET BA detwt 223 J5EA A8 "l 2 g

ES

L wE YgAe] WENEIFE olE teht, FEF EF 2 Ads 52 094

S|
o

o
-
22

=]
RN

o

=
H
)

of, £ AFolMe F24 AelA A
TGS AR fAs] AR HAeA

PN
T

g AFS AAEAT. 2 AaE g o FeAedd dagh oy B okEu &S AHAsta
o
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Table 2-9 Chemically analysed PAH compounds in waste sand[86]

unit : mg/kg
Green sand Furan sand Phenolic Silicate sand
sand

Naphthalene 2.50 0.19 0.55 0.05
2-Metheylnaphthalene 1.40 0.01 0.12 0.03
1-Metheylnaphthalene 0.86 0.03 0.07 0.01
Biphenyl 0.88 0.10 0.13 0.02
3-Methylbiphenyl 0.19 0.09 0.03 0.01
Asenaphthalene 0.05 0.00 0.00 0.00
Asenaphtene 0.23 0.04 0.01 0.00
Dibenzofurane 0.44 0.09 0.13 0.02
Fluorene 0.14 0.06 0.02 0.01
Diphenzontiophene 0.05 0.00 0.00 0.00
Phenantrene 0.82 0.04 0.07 0.07
Anthrasene 0.16 0.01 0.03 0.02
2-Methylanthrasene 0.25 0.01 0.03 0.02
1-Methylanthrasene 0.21 0.00 0.00 0.02
2-Phenylnaphthalene 0.16 0.01 0.02 0.02
Fluoranthene 0.14 0.00 0.01 0.02

Pyrene 0.10 0.00 0.01 0.02
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AFErts F2 34 TAA tdd Uz MEE 5 Avk Fig. 3-10] vebd vkel 2o,
FEALS vIEE A AN TS EH AL Ja FAE ARsE HAHolA B
o2 Ao WA= FA HAE Qo Fx F A A A B T2 AR S
g F ok B A AFEAF BT b Ba oA oR AqAo] oyttt =
T2 daret Fx2 AALE e s Ags Agstsh T2 A A4 Fx

U, FAF HALE Hdiel FEE e $ o] & 700 Col
Aol AbgetAth AAl Fx & HAsE AL F
A AALE Adste] W FAARS] NaO Ao WstE Fig. 3-20 Yeblileh 700TC =2 A4 g
Ak NayO AES AbgE upelriol] wel 1.22% i 1.25%0]8, A dgor T3 7
AFS] NaO A&E 1.26%01d ek ek A #Arbel 243 AALe] A#o] AR e,
2% FHALE AEstel® EA7E gtk saekslt

Raw material New sand Binder Powder
(AFS 70, 55) (S, 8-S) (P)
. L . Sand Post
Casting process Mixing ! Core > Casting = blasting ™ veament || Product
v ¥ v
Used sand Waste Waste Waste

Fig. 3-1. Experimental materials in the study.
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Fig.
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—e— S-S5 3%
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3-2. Na,O component of real and artificial waste sands.
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32 49 A=

321 F7iupel oF H7HA

oA ALgE F718kelt = sodium silicate F-7]1vkelgoly, dFujFy F2E ST AW
g =2 wte=dg AL E ALt S BelgE sodium silicate 7]9Fe] FErvpelg 2, AE A
2iL B s RSkl f1g FriekklgeolH[6], S-S uidlt= S uikidel fEd A
el AMEAAE H7be Frinkddelth 18 P AUl FE2EF id AdE A8 9
o FeQl e EdolH, S-S uile et A HIMAR AMEE AT AFSE wile el A7t
Ale] A& Table 3-1°] YeERA AT

l

3.22 FEA}
B Ao ALEH FEAE WEWIA Y AxAolH) YA new sand)e] A E-S Table
3-17 7Zo] Si0, 3ol 99% o] AF¢l RS ALt 281 YA d %= AFS 708 55

A AEFES AHEsF e, d% + 32+ Fig. 3-37 2t}

.

Table 3-1 Chemical compositions of used materials

unit : %
SiO, AlL,O4 Na,O K20 SO;
New sand 98.94 0.40 0.08 0.08 0.02
S binder 72.49 0.12 13.62 12.33 0.12
S-S binder 67.41 0.11 12.44 15.76 1.09
P additive 94.98 0.64 0.44 1.77 0.36




Residue (g)
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- 8- AFS70
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Fig. 3-3. Particle size distributions of new sands.
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323 A7 2 AH AA

HFEAE FEA S B S-S ¥IgE A7 @i 287 £t 7R 22 mm, A& 22
mm, ¥°] 170 mme] “ehnt Jei= A Zetg o, vt FA7] (Young jin, Korea)E ©]

gote] At 78 49 4 bar, 38 4F &% 150ToA A4

gojutz A HFEAE 2HddA AZE @ &% 319 YA (Fig. 3-4 (a)ell Al A
Ae A Yol AAsAT 2Ela W §&S =olv] 8 49t wiZo] AXH ofaY A

del 7Le 95 W&7] (Fig. 3-4 (h)E Al#ste]l A Aol A&kt

QAL #HAE, AL AR BEAS X-ray Fluorescenece Spectrometer (XRF, XRF-1800,
Shimadzu)& ©] &3t ow, 334 Ay F BAsH= oA Jon Chromatography (IC,
DIONEX ICS-5000, Thermo Scientific)E ©]-&3t] Na o]29] §Xx& Al dAite] 5
S Siolar vl o] FAEE Sigdoe =2 AL S| RS B8l vkely AAES Fels)
2 ojgo) whebA wRdre] FAER Na Aw 908 T3l vido AAES ALsHA

691.

P B AAE AldEoz AAE sieve shaker (CG-211-8, A A3 AHE ALE3F S
Ao ALgE A= #20, 30, 40, 50, 70, 100, 140, 200, 270H S AFE3FATH A& 100 g&
5t DAzl & ZF Al g2 REewd AEE G dEATFE =

al
A B UR S 2 A G FPe dE HA A% A5E Aus,

54 #248 Powder Flow Tester (PFP 3230, BROOKFIELD)ES Al-&3tdth 54 4
Abel] St & A A 3] et A EAStE A ES S5t vy Sl ol EHA
o] FEAE HHE 5 Uk 2y THAN FEA A2 AP A vkl o] A A

)
o
low, A4l i FANN EAANE FPol AL W Jehtbe fF 543

r‘l
FE
>

Am
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(a) Mixer

(b) Reactor

Fig. 3-4. Mixer and reactor using disintegration and cleaning of waste sand.
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# AR A= A7 (H]-0506, GRS AESth ® dEe 3 W A=s 54
atolom, ISO 6872:2003(E)e] Wiel wel Z= AF71E ol &8 FAHS AL Z= Ak of

o g o83

eq. (1)

© 3 A =(MPa, N/ar)

D A7) el YEbE A ek (N)
© A1H(mm)

Do o] YH(mm)

D9 @] ol (mm)

S N

EH X Algw AH]E= Scanning Electron Microscope (SEM, SU8S020, Hitachi, Japan)
9} Transmission Electron Microscope (TEM, JEM-2100F, JEOL, Japan)©|t}. SEM-2 A3
A= vy el H7HAlE glsty] 918l AFgstsloen, TEM2 % vpely v 3

ZEA 7Y A e Bolgle S gofstr] s AR
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A4 v E g AZMAE 28/ A 5424 AA

&4 A4 A9e S uheltsh S-S HE TR A AAE AMsEon, S-S kel
ek F4 d4be] 38 AAGl e 54 WSt ela S-S whelE st P A

o EGE FA s Fx el 4 A4 ARE el SA PEY AR A5
W B ALEEHAS W Aol 33 AME 542 Flsad rhines 4

arlE o HI7bA7E AREE S Ak T2 wAbe] A 54 £45

<

i
ke
ol
gg
>4
N

oo i
il
Au)
a
OE

41 AF &% JHAE 913 sodium silicate 719Fe] F7]HkIH
S vRRIgE H71E of AFE3 FEAE WEY AdXAF (AFS 70)01™, Si0, d&o] 99% ol

el FBAE ASSAT. S vhelTE FRAL 2% o] 4% AL S8slth

411 A3y 23
HoAgo] oA Fa HArE B oR I (A4 AAE=E Ao 22 138 AHEIS
o] s SAHs

A4 AL 2 kg &F9] IA7E o] &3dt HAIS il 150 rpmol A 1083F wRke o

4 Ae BAF 2ANA Bol AN 93 4 % ARG F AzdGh FE FHL
A S whIH 4%E Wi AZpER 3o whelukE Aldste] Bitste] Astatch. A
WA Qo "W FEE gebdr] e, dAE A4 F QA 1 Be 38

A= #40, #50, #70 Aol HFold= AAYALE ZH7F 83%, 14%, 3% TS v &R T§ 3t

o] FEE S YAE TUIF 241 ASS AHG ] FEE A3 AT

A AL} F2 AYALY] A E= Fig. 4-10 Jebiideh. 9Ae] 1% 2 &% 176 N/l
A 1083 508 Z=E zHzF 302 N/ew, 331 N/awrel itk 2124 A8k 18 Z=E 161 N/

are] QL 504 7w 288 N/et® VEbl, GAMETE 13% okt whd B

Abe] 18 = 181 N/arol Qi 508 =& 327 N/ar® Ve Abeh f-Abskgi ok,
e APE Fa A ABAe F2 AL AEE nlast AR

Z0]7] & 543 Aol & AAE vEEE T¢gdle] FEE AN a8y A4

T 52 IS AR ALY JEE uly A A wel 2Ebd F dan JErt g

AW ZEZ A ®skA " Y=el digh M5E AAs] f8 AAES B A o

=5 9 =S 248 4 e = 13 AFHeR dAe FARE RS U e
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412 AR &4

vt & gEtH oz A A7) A E vIdE 5d F dve £ulE AYstelof stk 1
v Eoll 2 okES AMESHA HW, AABTAAA FEF AL o] FTs)
A2p A o] HgAe e ojelgo] . wepA] HItE A A7 s
staon, B5 ol&s] MAsI= HAANA LA AgRde] AVHAELEE FAHSAT (Fig
4-2). QA SHRTE TSI S "o AUHEEE 0.207 mS/em (194C, pH 10.61)°] 2
o Ak SRS B F R T o] 4%9 BildE E3shd 4418 mS/cm (19
0C, pH 11.67)°1Ath T2 #A LS 12 AlHste] 2golatst § offHo A7 HEEE 4070
mS/cm= YUELSTH 12 o3 & 1P E S A FHTA P 23 AHEAS wW o7
A7NHAEEE 1696 mS/cmolden, 33k AlZ Foli= 0.755 mS/cm, 43k AlZ] $Folli= 0.433
mS/cm, 5% MlFH Fol&= 0222 mS/cmelth. WA SHFE ANS W AVHAERZT}
0.207 mS/cm¥ 2. & 52+ A& Fo SAH{H FASHA YEpwth mebA SHFEE o] &3] viel

HE AASFDA T A% 43 AR mE} BE AAHE AS FAstg
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Flexural strength ( N/cm?
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Fig. 4-1. Flexural strengths of dry and wet regenerated sands.

Conductivity (mS/cm)
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T

ro
T

401 sand+D.| water+binder,
4,148
sand+D.| water, 0433
0207 0222 0149 0104
]
0 1 2 3 4 5 6 7

Number of cleaning

Fig. 4-2. Conductivity of number of cleaning.
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D R4S ol8F A A AH A5 A4
2014 A ANAEE AFHE vFow FHFE o8 430 AA AF AP A3

il A A3 Fig. 4-30 Yehldt o A3t 2 #0A ] Fe ABARE BobA

Arrel 18 ZxE 171 N/ewol 9l 50% F=+ 269 N/ewol Atk 13] A2 3k A AAFe] 504
AEE 252 N/ewol1ar 23] AlH 3 AAALe] 508 s 263 N/erZ QARG e FeE
Uebdth ey 33]9F 43] AlH g A ALY 50 A== ZH2E 300 N/ewf, 288 N/en= LhERL
AR Y =2 s YA

A=A gl A 24 2= Table 4-10] YeErSlth T2 #HAF (Molding sand)®] NasO
o} KoO i 727 3.07%, 0.49%°] 1ttt NaO A+ A& S Jagstel uat da Zdast

rr

32

o, 48] AHT AYAHE NaO Aol AEHA ggeh olsh T KO H2%E A 3
b FHEel wheh grashe @S dehdont, 28 ARG AWAE AEEA e

A

4129 ANAEE 24 AnelA] FHFL 43 AHselokt welEzt 448 AARNE 2
2 gostgon, FE $4 AME FAS et dE B AR 33 oy AHsu
AT Ee FEE deEhdon], 4% 4 A 43 AN AP NaO HRel A
97 ghol tFE wIdsl AAFUGT ARt debd] S wIdE TFH FA ALY

A == ol&8l 43 AHshd mIgE ¢ds] AAD = 3

mlm
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Fig. 4-3. Flexural strengths of regenerated sands by number of cleanings.

Table 4-1 Chemical compositions of regenerated sand by number of cleaning

unit : %
SiO; Al,O3 Na,O K20
Molding sand 96.08 0.17 3.07 0.49
1st Cleaning 98.74 0.19 0.79 0.26
2nd Cleaning 99.31 0.15 0.48 -
3rd Cleaning 99.24 0.18 0.36 0.20
4th Cleaning 99.64 0.19 - 0.16

_43_



o

S
A3 wWlew ALAEFE ol &l 43 AFH HPS APsto] d= AIAE
Fig. 4-4°] Yetidler. B&&F5 o] &t AH ABALY A 299 Nead= YEy, <
FrE ol&ste] AT AYALY X (302 N/ar)ek 719 Zokrh whepa ko z o] 27 ol A
= AFETE AFSste] A AdS AP

WBEFE ol gkl AHNFFR AN AR, W EEo] ohE A Zee wastgon,

il

S, Wk o] we Ad Fabs AA4ALe] NaO

2 LY4E F0 AR Na' FEE VFOR W wy

b MESS AF BAt 2 Ao Utk AFH S 26, A AR 6089 7

Wi &R mURE Fa AHY Fo

dehgth et AR e Na® FEE A

1 Lol el 4%E 29 Wel $EQ 471 meg/Lud EA et Azgo] Hoig

o FAd 2dlA AH A 0ROR & ASE AL NaO ARe AEHA W
AR ee] Na' FEt Wbzt webgo] uhel velge] Na 4ol wel AA=A

ARe] g3 A Mgkl FAT AP, W FE7h MEFE AL NaO
sgom, ARl Na' $E% F7hste] 2R mld ARENaO)] 7w B7eh

AAR vl PRNa)E F7FGeh AR5 Pt WA HEob FAE Fele AH A

o
o
2 ok HR7F wEes A g 2 Al
&8

ol Aol dFE AAAS] NaO Aol dhdhs A0@ tewth AF Az W &7
AW Aol ARG Fol BLFF AW NaO Hiol gastel waln AA &g
of wth e AR AN ZAE vy RS T Aol g

AH Azrel AolAw Aol Woxy] WFel AH Agre HSEF Frh B A5 0
=
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Fig. 4-4. Flexural strengths of regenerated sands with D.l. and tap water.
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Table 4-2 Experimental design and results for time and speed of mixer

Experimental conditions Analysis results
No Cleanin
que:n tli t)? Time Speed Na,O Na*
i i (o)
(times) (min) (min) (%) (mg/L)

1 120 0.52 426
................................ 30

2 220 0.61 456

3 120 0.49 505
rrrrrrrrrrrrrrrrrrrrrrrrrrrrr 2 60

4 220 0.53 517

5 120 0 450
""""""""""""""""" 90

6 220 0 475

7 120 0.39 363
rrrrrrrrrrrrrrrrrrrrrrrrrrrrr 30

8 220 0.49 393

9 120 0.35 359
rrrrrrrrrrrrrrrrrrrrrrrrrrrrr 3 60

10 220 0.47 407

11 120 0.36 430
................................ 90

12 220 0.27 417
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(a) Mixer

Table 4-3 Experimental design and results for time and speed of agitator with S

(b) Reactor

Fig. 4-5. Machines used in regeneration process.

binder
Time Speed Na* Removal
No . efficiency
(min) (rpm) (mg/L) 0

(%)
1 10 80 351 75
2 10 150 445 94
3 60 80 261 55
4 60 150 247 52
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Fig. 4-6. Flexural strengths of regenerated sand using agitator.
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Fig. 4-7. Flexural strengths by mixing ratio of regenerated sand.
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Fig. 4-8. Flexural strengths by mixing ratio of regenerated sand
with twice cleaning.
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421 A 34

S-S HRIEE EFE FA HAbE S vIv o A FAIN sdsA EE 13 AlHste] w
g AIZE gk o] wE wielr] Al ARS el en, 1 ZAIE Table 4-40] e
Wolth Al Alzte] 5Roja wHk £TE 80 rpmoZ IS wWl YA NaO AR
0.672%°]Ath. A3 AZtollq wHk £ Z 150 rpmeZ oW, A ALY Na,0 AES
0572% 2 AAEL 6% Eohx o, ol s We o] nlgrt Rttt AA AlzbS 208
o8 star wwk £%7F 80 rpm¥ W, ABAS] NaO A2 0.676%°] Attt &Ads Al ZFol A
wE £ 5 150 rpm e 2 =olH NaO Ao 7% A sHS
WA S wiely AA AR sYsA S-S BRI E 2§ FA AAE EE 43] AHEHA
S 1 NayO AEE 023%, KO AEe 027%= Yel B2 43 AlHsidete volez) 73
Al AAER ekth ek S-S midEE A A 9% AF e A Age Wk

Table 4-4 Experimental design and results for time and speed of agitator with S-S

binder
. Removal
Time Speed Na,O .

No (min) (rpm) (%) efficiency
(%)
1 5 80 0.672 62
2 5 150 0.572 68
3 20 80 0.676 62
4 20 150 0.552 69
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Eiay

F7F Al A HE vkely A A S-S 95%-98% % HEFY, S-S BRRIH &= 0.2M

=
Aoz ARG F BZ F/b Aol AYAS Bbekg vk

Table 4-5 Binder removal experimental using various cleaning solution

)\}\"_

T

A

3}

Cleaning solution Na;0 K20
9 (%) (%)

New sand 0.080 0.080
Molding sand 1.320 1.080
Water 0.512 0.345

1M HCI 0.454 0.329

1M KOH 0.335 1.426

1M NaOH 1.327 0.298
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Table 4-6 Experimental design and results for time and speed of agitator with S-S

binder
Concentration Speed Additional Na,O R"t”."°va'
No . efficiency
(M) (rpm) cleaning (%) o

(%)
1 0.2 80 Water 0.10 98
2 0.2 80 Not 0.35 79
3 0.2 150 Water 0.11 97
4 0.2 150 Not 0.35 79
5 1.0 80 Water 0.14 95
6 1.0 80 Not 0.42 74
7 1.0 150 Water 0.13 96

8 1.0 150 Not 0.56 63
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Fig. 4-9. Particle size distributions of regenerated sand with S-S binder.
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Fig. 4-10. Flexural strengths of regenerated sand with S-S binder.
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Els 2= 9l BEAS oy 9l 33 AAE AL A3 13 HAFE S-S npely
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grgo] 24 WAE AzSHAh o $AL 38 wEshel 4
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S-S Wil 3%% Wi vhon)
A B4 BT
AALGol whE AE WEE Table 4-7o) WA F4 MAL] NaO S 132901903
KO §3 108%01Ath 02M FA82F 43 & 13 A4 F 13 A4 (st
0.11%°]190 0™, K0 32 023%= vebwr) 1
A AANE ANZ BEo] BAF wHow AAF 27 AU NaO FEHE 149 A8
0.10%011, 33 AWM= 0.08%el Gtk A F57h Z7HstHeE wHelr el FAEQ NaO
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2

Table 4-7 Chemical compositions of reuse of regenerated sand with S-S binder

unit : %
SiO, Al,O; Na O K20 SO3
New sand 98.94 0.40 0.08 0.08 0.02
Molding sand 96.43 0.32 1.32 1.08 0.09
1st Regenerated molding sand 98.79 0.33 0.11 0.23 0.01
2nd Regenerated molding sand  98.80 0.35 0.10 0.22 0.02
3rd Regenerated molding sand 98.67 0.39 0.08 0.27 0.02
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Fig. 4-11. Particle size distributions of reuse of regenerated sand
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4-12. Flowability of reuse of regenerated sand with S-S binder.
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Fig. 4-13. Flexural strengths of reuse of regenerated sand with S-S binder.
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Table 4-8 Chemical compositions of reuse of regenerated sand with S-S binder (2nd
experiments)

unit : %
SiO; Al,Os Na O K20 SO3
New sand 99.29 0.30 0.02 0.02 0.02
Molding sand 96.84 0.42 1.25 0.74 0.09
1st Regenerated molding sand 98.91 0.62 0.02 0.02 0.02
2nd Regenerated molding sand  99.25 0.28 0.06 0.03 -
3rd Regenerated molding sand 98.74 0.90 0.03 0.02 0.01
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Fig. 4-14. Particle size distributions of reuse of regenerated sand
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Fig. 4-15. Flexural strengths of reuse of regenerated sand with S-S binder.
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Table 4-9 Chemical compositions of new sand, waste sands and regenerated sands

unit : %
SiO, AlL,O3 Na,O K20 SO3
New sand 98.94 0.40 0.08 0.08 0.02
Molding sand 96.22 0.75 1.32 0.88 0.13
Casting sand 96.97 0.20 1.26 0.83 0.09
Regenerated molding sand 98.87 0.31 0.07 0.19 0.02
Regenerated casting sand 98.56 0.20 0.18 0.30 0.05
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Fig. 4-19. Particle size distributions of new sand and
regenerated sands with S-S binder and P additive[91].
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Fig. 4-20. Flowability of regenerated sand with S-S binder and P additive.
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At 1% ZE+= 108 N/er®, 20T, 30% =719 d23F7|ol] HAHUA Zrrt A3 &
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A7 19%7F EE 2ol vEAAR =/ el F2 A4k 3w 3% HAeA
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7RAZE EA ] dEel dErE dAs 9l et Ao s ddEn.
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Fig. 4-21. Flexural strengths of new sand and regenerated sands
with S-S binder and P additive[91].
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A7 A= 50 nmoll Al 400 nm =719l 78 YAelH (Fig 4-22(a)), 700C= AA S 7
A8 SAe @del YErETE (Fig. 4-22(b). T2 A AWARE Fig. 4-22(c)ol veRE wv)
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(c) Regenerated molding sand (d) Regenerated casting sand

Fig. 4-22. SEM images of additive and regenerated sands with S-S binder and P
additive[91].
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Fig. 4-23. TEM images of new sand and regenerated sands with S-S binder and
additive[91].
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Fig. 4-24. Flexural strengths depending on the amount of P additive[91].
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Fig. 4-25. Flexural strengths of regenerated casting sand without
P additive[91].
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Fig. 4-26. Flowability of regenerated sand with respect to the
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A A Axsh ALl AR BA AE Table 4-1000 VERIST 12 Ak A4

A o AN AFeE B4 ARE gz ALadrh dAe] NaO AR AAE 05

7b S7Fghel whEt Z}7y 1.26%, 1.42%, 1.60%% F7Fekdth. A AR NaO i A AARE

giﬂ
S77F S7Hgel wheb Zb7E 0.18%, 0.23%, 0.46% = S 7hal, Al ALl Fold= Aol AJALE
HAelA A A E FHAS] NaO Aol S7hsksinh vy o] F432<9 KO A =3
Na Ot 43 &S vetdllth A KO A2 ArkE sl7F S7kgel met 0.30%,
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Fig. 4-27. Schematic diagram of cavitation bubbles with ultrasonicl[8].
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Table 4-10 Chemical compositions of three times reuse of regenerated sand

unit : %
SiO, Al,O3 Na,O K20 SO;
New sand 98.94 0.40 0.08 0.08 0.02
1st Casting sand 96.97 0.20 1.26 0.83 0.09
2nd Casting sand 96.74 0.19 1.42 0.78 0.10
3rd Casting sand 96.59 0.20 1.60 0.97 0.11
1st Regenerated casting sand 98.56 0.20 0.18 0.30 0.05
2nd Regenerated casting sand  98.22 0.30 0.23 0.46 0.06

3rd Regenerated casting sand  97.53 0.28 0.46 0.69 0.08
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A AFS 5548 Abgstglov, 1 AAAE A 9% 9ES Uit (Fig
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Fig. 4-28. Particle size distributions of reuse of regenerated sand
with S-S binder and P additive.
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Fig. 4-29. Flexural strengths of reuse of regenerated sand with
S-S binder and P additive.
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Fig. 4-30. SEM images of reuse of regenerated sand with S-S binder and P
additive.
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Atk 12 ALY NapO A2 0.07%°10 0™, o= 253 glo] unk AAAYS o 0.18% K
b GHA GEbEth 23keb 33k AlAALY] NaO A® e 7H7E 0.19%, 0.25%°] Atk kA sF A
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Table 4-11 Chemical compositions of reuse of regenerated sand with ultrasonic

unit : %
SiO, AlL,O3 Na,O K20 SO3
New Sand 98.94 0.40 0.08 0.08 0.02
1st Regenerated casting sand 98.84 0.31 0.07 0.22 0.03
2nd Regenerated casting sand 98.80 0.20 0.19 0.23 0.06
3rd Regenerated casting sand 98.48 0.21 0.25 0.33 0.08
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AL Qe A S5l Aglo]l AFS 522 fAbetth (Fig. 4-31). 2y 9Ake] ¢
E X% tEA vEEow, #70 Ao W R ol YAbE 27.73 gol o, AALE
43-44 go] %k YATE AAY & AL o] AWMH o FAasA T
12 A AR 18, 50% = 747 148 N/ew, 250 N/ew2 YERL ALe] 18, 508 4=
(107 N/ewi, 147 N/e) Bt 4238 =9tk (Fig. 4-32). 13 ALY 508 2= (250 N/orf)&=
HA7MAS AbgeHA 2ok wel = (231 N/ew)® ol =9kth 12k A ALl wl %W AL 0.0932
m/g=, A HIEWA 0085 m/g¥ ARSIt 22k A AARS] 508 A EL= 292 N/are] 91t
32k A ALY 50 A= 336 N/ewol Atk gk 2xk¢} 32k A AFe] B HA - ZH7E 0.1418
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S7bebAl ¥l A H = AEe YERHH
24 A HAAHNA 2535 AR B AALE Sl SUFgEel whet A =rF A Sotet
(M, o= HAF g ute] m=FHWEA Fekal W vt el HUMAIE A ske Aol A
1)

e W} doles Ao FAF 5 U Avz Audn,

1F

AALE AN kRt ARESElS W= AANE SleTE SRl weEh ALY S E
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Fig. 4-31. Particle size distributions of reuse of regenerated sand with ultrasonic.
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Fig. 4-32. Flexural strengths of reuse of regenerated sand with ultrasonic.
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Fig. 4-33. SEM images of reuse of regenerated sand without and with ultrasonic.
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Fig. 4-34. SEM images of reuse of regenerated sand with ultrasonic.
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(a) New sand

(c) 3rd Regenerated sand

Fig. 4-35. TEM images of new and regenerated sand.
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Table 4-12 Chemical compositions of commercial binder and additive

unit : %
SiOz A|203 NaZO K20 SO3
Binder 61.3 0.9 25.0 7.1 5.4
Additive 88.7 0.4 1.1 0.1 0.3

T80 1 4 L 1) Ul Lo Fasife 1t gl

KITECH 5.0kV 12.8mm 500um o -OkV 288mm 500um

10.0um KITECH 15.0kV 12.7mm 10.0um

Fig. 4-36. SEM images of commercial additive.
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Table 4-13 Chemical compositions of regenerated sand with commercial binder and

additive

unit : %
SiO; AlOs Na,O K20 SO3
New sand 99.27 0.36 0.02 0.03 0.01
Molding sand 95.93 0.19 2.03 0.25 0.11
Casting sand 95.60 0.23 2.13 0.22 0.12
Regenerated molding sand 99.48 0.22 0.04 0.02 0.02
Regenerated casting sand 98.43 0.22 0.54 0.17 0.02
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Fig. 4-37. Particle size distributions of regenerated sands with
commercial binder and additive.
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N/emolom, W 240% 4E+ 55 N/awol ot F2 AAYAS] Z=7F WA vepd AS v}
Ayl ™i{F (NaO 054%)= k= m, 2Hi vplg & A A7) s AR 2595

Frhetel 4@ APt
==
T

o

7

-

N/ew, 240+ W5 AE=E 13 N/ar=

N

2595 FrretAl HH, F2 AAAR 601 A== 300 N/ar® AR 10% = A1 WEbs:
th 12083 2408 W5 A% T3 270 N/ew, 117 N/en® QAR T 953 =7 vebyt) o
= 4339 A Ao} s, st W Z2ld WS A Al oEN EEe #

ol MAauel dANY A5 He AEE e Aew prid

)
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Fig. 4-38. Flexural strengths of regenerated sands with

commercial binder and additive.
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@ 3
A AL mHCl= FA7RAZE AR AS A = dlen, F
A7HAZY AYE e Felagdnt (Fig. 4-39). W&
e w3759 m/geldom, 9Ake HAA 1%E EFHAL WE 0.
ARl Bl EE A2 0041 m/gE HER Akl HORA 1%E &

ool Fx HALE TEs HACdA 700CE 248 A 5 ARE J7HAVE 5907

5

=]
W A

)
2
M
4%
iR
i)
|
f
Y
X
o T
inj
[-‘U
AN
o
p‘L

Hzol HEwHA ]l Aag Aow dekHTh

444 738 vl el A7kAe 54 A8 28
& meld et HA7AE 2§ A dAALe Fx HAbE 02M TS ES B AEHS §
af wuk QAo F=2 GJAAAE vRelE et HAATE BE AAR whE F2 A YA b}
Aulet H7RAZE AFstAAnt o= Qla] A Fes AARTE BHA drEbsiTh A A 2 o)
A shetA e BelA S A AREEA HH, ALY e dAET BE Eth
ALl = H7HAI 7Y 2R A R, AARE BA A HIMAE ARE SR

SAL e, H7RAe] S5 S Sl wEk AARS Al HIEAIE AbElof dhh

ofo
ol

Ay

gowl Zrert A
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(b) Regenerated casing snd

Fig. 4-39. SEM images of regenerated molding and casting sands with commercial
binder and additive.
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A5% Scale-up AR FAY AF ZFAE o] &3 A FI}

b S-S wheldst P AkAE £F

o,
k1

o
ftlo
i

o

A= AsteE 719

i)

(o]
0,
w
oX,
o,
N
)
rlr
112
e
ing

o= RopA A AFS A& i BUEE S A Alx= 554

£ Ab&sk= Water Jacket (W/])3 80AFS AbE38h= PORT®E sttt W/J2 S-S vkl
4%5 A&l A FA AR

3% P H7HA 1%E AFgstg o, PORTE S-S #HRelY

rot
&,
ofy
2L
il
=
off

51 YERIE R A ALY AARS The e Askr] flsiM F 33 AA A

(a) Water jacket
Fio o

(b) PORT

Fig. 5-1. Molding images of scale-up wet regeneration.
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52 A4 27

OM FASAE gom sHst AHe QAT F B 23] AR T4 9
43907 ARR AFAM T4 ArE B 28 AHOE wpelvst FA A7}

A7k AAH AAE RS FARAE B AP ASH A= EA AL EE T4 A4

TC
o FASE AHG E 28 AN e H5ty AN APS AdsA Aol A

5.3 Scale-up A gl AH&H A A L Ax FA

Scale-up A&l AH&¥ AW GA = Fig. 5-33 2H98]. tizFe] #HAAE stetd o= At
7] g A= 29AY AlH Ao A Y (Fig. 5-3(a). A WA 4 Badd
Aol AAE Tt 2708 Eelol=ol o&f urkstA W, o F 2 HAske A
AR Zhe] mpel] ole] dpaEar dA A7) olst® HAZ HANE Bheds FE
o Foldnh F AHA A4S XA FHe Eol=7F dEdlel s mwytato]
FALE SR JAE wETY dFoR Hye 98S du HF wEe
oA, MY = AlHY AF-of A wWiEHIL #200 AE 3l

AREE A A S APS Fig. 5-3(b)ell detWllth FakstZdE &S o838 14 AFe
gk T AAGA W fAs =2 wAste] 23] AHS APt AHe] ghrd YA 8

kWel mholazsolns} 9dl Az 4AE o] &3 Axa AL
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Vacuum filteration
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[ water cleaning
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(0.2MKOH)

Vacuum filteration
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3" water cleaning
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2 water cleaning
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Fig. 5-2. Regeneration process for the evaluation of scale-up wet regeneration.
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(a) Concept of recycling machine

(b) Picture of recycling machine

Fig. 5-3. Concept and picture of recycling machine[98].
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54 AL A B A AL H

13k #AFE 554 370 ket 80AF 107 kg AHESHA 8H81H AL B8l 5541 267 ket
S0AFE 96 kgol AAAFE 315ekTh (Table 5-1). 55Aksh 804ke] 31482 717 86%, 90% =
UESETE 5549 Bl & o] 86% = WAl YERd olfr= ABALY 54 WU7F (B, A%, f+E
4 S)E AT AE 10 kgs A7) wWiEolH, o5 EFed 3 FE2 90%°] ATt v
2] 10%9] &4 A FHE T dHH0z Qs FAHNA ElFddd F& FF AHA}
b Ax AN FAdT dom "ol AR & EASATE 22 FHANE SHALR A
£d FHAF (Mixing sand)®t T#F #HALES 27 121 kg, 122 kg& AF&3F 3L 80AF= 62 kgs
AL AT &4 wAbE B2, uiklg el HMAE E|e AdEdA 2 Hi R dE ES
W2 e AEelth. whebA 23 QAR EH= = HAReE S HALE st AdS xdE
At

(¢

Fﬂ

[‘ﬁ

Table 5-1 Material flow of regenerated and waste sands

Regenerated
Waste sand Recovery
(kg) sane (%)
(o]
(kg)
AFS 55 307 267 86
1st
AFS 80 107 96 90
AFS 55 mixing sand 121 104 86
2nd AFS 55 molding sand 122 114 94
AFS 80 62 56 92
AFS 55 mixing sand 109 94 86
3rd  AFS 55 molding sand 35 32 91
AFS 80 40 35 87
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55 AAAF 54 &4

5.5.1 Water jacket A|ZS 913+ &5 HALe] 54 2A

Zd HAeE 12-33F YA AR B4 Table 5-201 UYERAEE £3 #HAFS] Na,O%}
KO A8 Z+7F 1.36%, 1.01% = Jeston, 13 A 4849 Na,09t KO &S Z-2F 0.03%,
0.10%= veR BRI dif-ite] AAEATE 22k9F 32 £ A ALY NaO AE2 BF
0.04% =2 UElY 4 HAAbs S d53 & 23 QS S g3 vkddsr AAE A

EHAL AR HA A S YA EE Fig. 5-40 YERAT 12 A8 RS QA
oF TUe JE BEEZ JERW o, 239t 3 AAARE BT AFS 519 = EEE UE
oh 1A AJAYARE #50, #70 Aol e Refe] kol Zbzt 24.20 g, 27.90 gol o, 23F A A
= #50 Aol T2 meje o] 3004 g2 7 wokal #70 Aol e R %S 2689 g
Vel dA7F dwrr oz AT 33 AR 450 Ao Fe Bele] & 2898 g2 UERY
224 YA FAEE = BEZ el £ AA s AAEsE Bl =T AA
v A4S JeEhgion, 2a9f 3xF A ALY e EEE FAEES

T ALY A== Fig. 5-50 WERUl o, 12} ABARE AAEeE fAFSHA] UrERRE O U
50% = 166 N/erz QAo 7% (143 N/ew)Bub =¢kch 230 A AAE 502 =9 110
B =7t 9 R =4 vehd 22F 158 N/ert, 97 N/arol Atk 32k A AN 183 108 %
T 247 79 N/ew, 119 N/er® QAR wEok o 508, 1102, 2308 2= dAket fAbs)
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Table 5-2 Chemical compositions of mixing sand and regenerated mixing sands

unit : %
SiO, Al O3 Na,O K20 SO3
New sand 98.23 1.07 0.02 0.09 0.01
Mixing Sand 94.56 1.80 1.36 1.10 0.28
1st Regenerated mixing sand 98.87 0.45 0.03 0.10 -
2nd Regenerated mixing sand  98.71 0.54 0.04 0.16 0.02
3rd Regenerated mixing sand 98.52 0.62 0.04 0.15 0.02
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Fig. 5-4. Particle size distributions of regenerated mixing sands.
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. 5-5. Flexural strengths of regenerated mixing sands.
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55.2 Water jacket2 A 2st F2F HALY] F524 A4

A ABALS A A A Table 5-30 HeEbW AT T2 HAAFS] NaO §HaFe 1.32%
= vebst o 33k AARE Aol NaO e Ak fFAFSE 0.03%-0.062% 0] At &+ 7
Abel 33] ARG AIkel frAbskAl A AN 33] Akt et= vy o] A A
L AFSHA AAEE AS Gk

A QAL = ¥ Fig. 5601 Hetdigler, &d A Y] 9= X FA9 FAF
$ BEFS HEATE 23 ABAEEH JE X LEFHORE oty At
22k A AARE #50 Aol Fe mefe] o] 2032 gE 12k AAYAL (2420 g)HTF FUtekth W

W O#70 Aol P mEje] &2 2806 g= 1A AAAF (27.90 g)ok HAF (27.73 g)¢F & Aol7t

AT 32 QA 23 AQAALe] A FUd AR BEES UBEUN S, o] &
o] B 2kt

SAF ALY R 23] AARERE AE7F Dojx| 7] AlAte] 33 AR A= 50 A=
7} 104 N/erd 2 Yl S2E AAkshridl B3 3ks At} (Fig. 5-7). A2 AFEsH7] fl3k F
2] A FAE WA WA FZ8elA AT W 100 N/ o]/delojof €t 22 33
AARE Al 17 AEE 69 N/or® Yefy S8 A% Z5E SGustr] X AARE BA o
A ALGHA HIEAE ARSI Y] el AR HUMAS o R AwTE volxl Zow 3

e

okt
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Table 5-3 Chemical compositions of molding sand and regenerated molding sands

unit : %
SiOz A|203 NazO KQO SO3
New sand 98.23 1.07 0.02 0.09 0.01
Molding Sand 94.63 1.85 1.32 1.10 0.25

1st Regenerated molding sand 98.87 0.45 0.03 0.10 -

2nd Regenerated molding sand  98.35 0.77 0.06 0.20 0.02

3rd Regenerated molding sand  98.25 0.85 0.06 0.18 0.02
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Fig. 5-6. Particle size distributions of regenerated molding sands.
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Fig. 5-7. Flexural strengths of regenerated molding sands.
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553 PORTE A=t 8042l %52 A4

PORT= AlF9 £=7F T838t7] Wit 9xb7F e AFS 80AHE AR&3akal Qlow, A AA}
o] & 4 ZAIE Table 5-40] YeEHATE. W/ A2S 93] AFS 55AHmRIT 3%, A7}
A 1%)E 283 &d HARE A #JAe] NaO A 7+2F 1.36%, 1.32%°] o1, vy
4%E5 A& 80AF9] NaO A 1.47%= =Ath AFS 55AHE AHE3E &3 dAbe 54} ¥
Abel AABE Aol FUAsHA 80AF A AWAFS] Na,O AE-2 0.03%-0.04%= e, ALgd nf
AY7F HEE AAFJE 3 HA] KO AR 0.96%°] Ao, AAAE 0.06%-0.09% =
HRQlt] o o] Al A= At

S0AFS] AALE FAge A HAS % W= Fig. 5-8 YERAT 80Ae] =& UAMF
AFS 6607 UEe} A2 A Yebd AFS 803E 99 xol7b ZHrh &xwk AFS 664
Abg&stE = PORTO ZEole 2 ZA7F itk Lelv AIALS] Y= BEF AFS 62%
LHERSE

80AFS] AAFE oM FE= WEkE Fig. 5-99 YERATE AL FEE SAE 53
Ak 123 QALY 508 F = 358 N/erollar 22 AAALe] 508 =i 344 N/awo] Ltk
a2 33 AAYALS] 508 AEE 320 N2 Srobd AAg 37 718l wel Fx ghol
Za¥ Yol 80 AERTE % Rx7F T3] witel AALE AAANA Frrt

ofA = A F AT HA o2 HeEnh

1

sl

&2
ftlo
P

- 108 -



Table 5-4 Chemical compositions of regenerated molding sands (AFS 80)

unit : %
SiOz A|203 NazO Kzo SO3
New sand 98.23 1.07 0.02 0.09 0.01
Molding Sand 96.52 0.12 1.47 0.96 0.13

1st Regenerated molding sand 99.18 0.28 0.03 0.09 0.02

2nd Regenerated molding sand  99.25 0.23 0.03 0.06 0.02

3rd Regenerated molding sand  99.23 0.21 0.04 0.06 0.02
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Fig. 5-8. Particle size distributions of regenerated molding sands (AFS 80).
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Fig. 5-9. Flexural strengths of regenerated molding sands (AFS 80).
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F2 54 Bk AYAE o83 FAE AT 54S Fsn BTUE 9L Hol
2Fo 54S ArAh W B4 A B9, 4%, 45 A%, 39 2% 28w

_\|l_,
_0|L
kl
X
BN
ol
N
rlr
By
U]
>
BN
ki
il
o,
N
Qd
g

AAALS]l A B7F A3ks Table 5-501 YERlAT. W/ S4¢] T2 dAE AHEE A
9 1,530 kgolow, 124} 22 AAALY] FHE- 0.7% P = 723 1,519 kg 1520 kgZ 3
AE A 9ol FE= 97 N, 98 Nelloh, 12 AAAe] ZEi= 86 N, 98 N= veht 9
Abel frabstAY 2w WA dErskth 2Eu 22 AABALSY] AEs 76 N2 U A ol A
A A7 (Fig. 5-79F 2ol Zmrb B wh, Fxaed SA7 =3 godth 538 2%
AAE BEgo® Yel AR AYAE B FostA vERY AR 58 AeS UER
Atk

Fx2 Hrte g 8% WY FEAdA YA 06 mm, 0.3 mm= YERSE oL 12 A A AL
T 0.6 mmet 0.5 mm= e} AAME T g o] wokAIRk AF o AREsH7dl A7 §l9l
oF 22 bS] Wi e R m= UERETE obd 2 A | HAY S AL
AAg et AN AR SIg7E Srbgel whel b vl YEbst o, o] = AR 3
oA ARERE H7bAel dRFo R dAdsdnh HIHE freAd AN FxREL 0" e &
Aoz ARG 22 AL Fx Tl A Wido] JpAEE a3 vEsten, ol F
3 wplvis ehEEtAl AAEJAARE, H7HAZE ARdohe S g9E F AT 139k 23
AL AFE AR GAE BF A S A FE sk

PORT A #7H= AAM &0l 1,060 kg, 1,080 kg2 YElSoy, W/Jak ©a A=
S@ol SIS ALE 12 AMALe] T FE 1,019 kg¥ 1,093 kgolow, 23 A AYAF=
1,017 kg¥ 1,082 kgol ek =3 12k AAARS] 2= 200 N3t 110 Nejlow, 23 A A AL
X 191 N3 118 N2 vebytt)h Fig. 5-9914 AAFE 3l wE 80Ale] Ars =439
om, 33 AAREFrol| whel w7 vrolAl= Aol AAAIRE, PORT Ak Z= H7h Aaet
2ol 23] AArESIEEE A A EAVF 5 &t Fx HlolA 12 ABAY A

Bgoluy oA yehu AR, 23 ALY e BiFo] YEuTh o
%

A Aol low, A FA e wdk g&S = F Jdvd

H

-
..Jk
3
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Table 5-5 Results of scale-up experiments through casting evaluation

WARCIN =M

St Bt F= "ot
= (9) ZE (N o= zx WE (mm) gy= .
WJ OP FR RR M5 2% FR RR 2% °©
SIAH 1,530 2,640 97 98 43 EE 06 03 %35 ¢35
1% RHAAF 1519 2634 86 98 43 %&F 06 05 ¥YiF3 L3
2%t RHAAF 1520 2638 76 76 43 ¥E= 04 04 ¥YE: =
Port A Tt
St Bt Fx =yt
5 (9) Z= (N) At 2 ey
EX IN FR RR EX IN
A 1,006 1,080 168 95 ¥z &3 - -
1%t RHEAF 1,019 1,093 200 110 E& &€& - -
2% MMAF 1,017 1,082 191 118 E& E& NG -
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5.7 Scale-up T #HALY 4 A48 A&

G E7kE S-S nkiE et P HIMAIE E33E FA HALE scale-up A FA 9 wholA
2HelB HAx HAS AbEste]l AAstdlem, ALY T 54 BEeE A Fx 5=
F7bet Atk AARE SlgrF SbSkel wel st AErh dAtRY Sbe AW fHAske] uE
SAIRE, Fxste] AlFe AabskedH 2A41= fldlew, 2 54 Bt A= fAkek 1AF 23
ARALe] Edo] fAFSEATE thRE Scale-up Aol ARSE A GA L] wuk g&0] "ojA, 3
2 ALY F et AstE Aoz ddEma A FAdd 2ev FA 5o FE FE Al
A8

H:

o
iy
e

% F Qg R/ AT/ B AoE Bk

o
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A6% x4 AN AAL R BAH BA

AAY B F4 A AN BT A5 SPAYSE 29 S gesta F4
A A BRF WSS WEs] Akl T vgd muagnh aedn 844 BAL

%4 Aol Wad ouA, FE, §5 52 AN ARARAE Adsgon, ANE A
%

6.1.1 Al Agel A LT A=A

S-S HHIHE EFF A 02M FASTES o &% vy AAS 2 33 AN F
AR AR A FFE AT A3 AARG F 439 AF Y FAM Y nFE
A 14 AR 9 02M FASTF AHE Fol MASM, A% Aol g 4B 1

= A48 oz 2939

= o3l A28 (FeCl)E A48t €3 £4< 150 mpmolA 38 5 74 mwwali 80
rpmel A 155 E<F ¢4 mukstadth o] F 4AR AAAZ F A5ede] CODerst T-PE

A e,

@ HA49 pHel ©W& CODcrét T-Po A A&

F718kIE = pH 12 o] Zd7iel™, HALE AAsh= A DA e AlF Ao
2 A ksl Ee] 9ddFe® pH 13502 #H e pHell whE &3 &8 vaustich 3
2bS o] &8 #H4 e pHE 4-122 9+ % 1,000 ppme 93 A12Z 100 mlE ¥ 3 CODcref
T-Po AAE&ES EA38te] Table 6-1¢1 235 ettt pH7F 49 W CODerét T-Po] A

- 114 -



A& 747}t 581%, 82.4%= Vet 18y pHYEF 59 Wl CODer9d T-Pol AAEL 74.6%
83.7% % el AA L] 7 Eskth pH7F S718ke]l wel CODerét T-Po] AAES A

b o s hadkE S vEdTh

A pHel whE CODer$t T-Pe A7 A@elA pHrt 59w AA&ol 743 = vheh,
Aol pHE 52 24stel $HA FYF WE CODerst T-Po AA @& APshe] 1

SHAAE 10 ml Y& 3%, CODcret T-P2o] AAE&L 7+7F 339%9F 145% = w9 wrekc),
Yy SZJA FaFel AR Skl wel AAE R F7Hste] CODers 7lEo® 83419
90 ml ¥AS o AAEo] 949%= 71F =gth T-PE 7|&05 B4

U 70 ml Y9 W AAE] 91.9%= 7HF EUTE T A HSE

L
80 ml E= 90 mlE ¥ Aol AA &8l 7HE w2 Ao dAddEn

o

Table 6-1 Removal efficiency of COD and T-P according to pH

CODcr removal rate T-P removal rate
PH (mglL) (%) (mglL) (%)
4 330 58.1% 6.5 82.4%
5 200 74.6% 6.0 83.7%
6 490 37.7% 12.5 66.1%
7 440 44.1% 22.0 40.3%
8 410 47.9% 25.0 32.1%
9 460 41.5% 20.5 44.3%
10 550 30.1% 27.0 26.7%
11 480 39.0% 24.5 33.5%
12 530 32.6% 23.5 36.2%
wastewater 786.6 36.8
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Table 6-2 Removal efficiency of COD and T-P according to the amount of

coagulant
coagulant CODcr removal rate T-P removal rate
volume (mg/L) (%) (mg/L) (%)
10 520 33.9% 31.5 14.5%
20 330 58.1% 19.0 48.4%
30 250 68.2% 11.0 70.1%
40 200 74.6% 7.0 81.0%
50 230 70.8% 4.5 87.8%
60 150 80.9% 3.0 91.9%
70 150 80.9% 3.0 91.9%
80 70 91.1% 3.5 90.5%
90 40 94.9% 3.5 90.5%
100 50 93.6% 4.5 87.8%
110 190 75.8% 4.0 89.1%

120 180 771% 4.0 89.1%
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612 A% WA U 0 FE AL
E‘ C\)i:floﬂj\i j:ﬂ/\]—ﬁl] {3\‘}—\1 XH@% /H]Z’}Ql}Oi 02M 33:]_ ]—%% A}_%:l_ ]1/3]_0]'?}]\% /‘ﬂfﬂo—ﬂ

R AT HIdE AAGY] s =2 AFeAdT B3 wiIE ek HIbAe] Sl wEh Al
Al A wksk A 2EabE Frleke] A Ade JAAsAT 54 A A= 1

kg @912 A AES A3gP3FA L o] F scale-up Ao+ 100 kg o] A2 HAIS A=

Lo,

AL 1 kgs wgk QAT w 7F FAAA APREHE W], FE, FEFS AFESS Table 6-3
7 2k ks AE T 130 W akkr)zh 208 3F AR E o2 (130 W20 min/60
min) = 43.3 Whe] A7|7F AFE M, E& #HAL 1 kg 722 111 HE&2 AFSEHORE 1 kgs
ARggheh oFE 2 02M FAbstFo]l AFEE R 5611 g/mol * 02 mol * 1 L = 112 g9
AbslzbEol AbEHE T o7t B A= 180 W & 39 ol olHE 283 AME o R 180
W % 2 min / 60 min = 60 Whe] ®7]& Ab&sich. Az BAAA = 1,500 W &< 1dx7]

il
o
>
o
b
iy
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Table

6-3 Energy usage in mixing regeneration

Electricity Water Chemical

(Wh) (kg) (9)

KOH cleaning 43.3 1 11.2
Vacuum filter 6.0 - -
Water cleaning-1 43.3 1 -
Vacuum filter 6.0 - -
Water cleaning-2 43.3 1 -
Vacuum filter 6.0 - -
Water cleaning-3 43.3 1 -
Vacuum filter 6.0 - -
Dry 300 - -
Wastewater treatment 39.0 0.1 0.1

Total 536.2 4.1 11.3
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M B2 MEe ARRSte A2 FASHEES o8 AlH ¥AHoR 802 Hoon,

94%°] w]go] FAstdFE o WEQ AlR yEhEt i Az Aol AAgEE A=

wRkS o]gal #HAF 1 kge ABE B5, T A7l ARSEFE 536.3 Whelal = AR =2 41

kg, oFF AFEHE 113 gold, A 285 E & ¥E2 1467 902 eyt

O 7] 85 15362 Wh * 1085 ¥/kWh / 1,000 = 582 ¢

O & 8% 141 kg = (328 /= + 1295 €¥/%) / 1,000 = 1.9 ¥

17500 ¥/kg (KOH) * 11.2 g / 1,000 = 84 ¥
26,300 ?/kg (FeCly) = 0.1 g / 1,000 = 2.6 €

O A : 582 9 +19 ¢ + 849 + 26 ¥ = 1467 ¥

O
12
i
=
o

Wk 2 E ks G ARGkl A sk A, wHb AREeks A Al 2E9k ARl e
R Frhetd vk 2e9k AP 1500 W 828 259 FAE AMEsileH, 5 ThE
T 2% FAdhe A ow AREEAA 10%0] d 2 Thsetlon® ol wE 7] ARS
2 1,500 W * 20 min / 60 min * 5 s / 7 s * 10% = 357 Who|t}. wepA] ko] AR§-E &=
717 433 Whes Hstd F 790 Whe] A71E satstdsa & Ald gdAdA 42 ALgs

Atk L oojele] B BEF FddoR, A4 1 kgs =AW stk RS @ A

O 7] 85 16792 Wh * 1085 /kWh / 1,000 = 73.7 €
O g% 8% 141 kg = (328 ¥/= + 1295 /&) / 1,000 = 1.9 ¥
O °FF #H]& : 7500 ¥/kg (KOH) = 11.2 g / 1,000 = 84 €

26,300 H/kg (FeCly) * 0.1 g / 1,000 = 2.6 ¥
O @A 737 9 +19 9 + 849 + 26 ¥ = 1622 ¥

@ Scale-ups =3

oy

4 A4

- 119 -



FAstE A FAd= 5 kWl A FA7E 5027 AFEE SR (5 kW50 min/60 min)

= 42 kWhe] A7]7F AFgEH, 22 #HAF 100 kg 7IFo2 111 Hl&2 AFEHoRZ 100 kg
ARg-8ET} (Table 6-4). ¢FF2 0.2M FatstzEo] AR o2 #A% 56.11 g/mol * 0.2 mol *
100 L = 1,1222 go] FAatstzFol AbgHTh o= AR X THo% FAE ALE
Frog Wxo ugo] MASA vt B AA A AU AS RS FAsEE AH TA
of M7l AMEEY 2ok Ax FAL 10 kW §F9] wlo]azdeln ARFAE o435
QA 100 kgS 7Azxsh=d 4417ko] AL E
40 kWh7} AR5 A Th

&gow HAsts dAgo A= AP Aesty] ofdd], dAs Ao o v&

e YAy nuAe AFNEALY A4 Aerle B ATOE Fusin
(1011 AFANF Lo BaF F=e FFv), AUA, £elx, By FRigon, 94
el wheh gedul A AWAHRAAW, A 50089 A BT o) AT B

ARE oFEH] 955 Winkd, oA 40 wiwkl Sex] 56 Wikl HaEH] 25 wiwkglow AFAS)

o] F 216 Wukle] Hgo] Hagh Ao AT ol& v o R scale-up A @A LAY

g #4100 kgs AT 45 28 HE&2 216500,000 A/ / (500 = = 365 ¥) * 0.1=
= 1186 ¥o= AFE et webA 100 kgol AAE AAst=d Fagh vde T 1483099
O 2 UERT

O 7] 85 1 56.8 kWh = 1085 ¥/kWh = 6,162.8 ¢

O % 8% 1400 kg = (328 ¥/& + 1295 €4/) / 1,000 = 183 ¥

O °FF H]§ 1 7500 ¥/kg (KOH) = 1,122.2 g / 1,000 = 84165 ¢

O #H4 Agn @ 1186 <

O &4 61628 & + 183 o + 841659 + 1186 ¥ = 14,8309 ¢
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Table 6-4 Energy usage in mixing regeneration (scale-up)

Electricity Water Chemical
(kWh) (kg) (9)

KOH cleaning 4.2 100 1,122.2
Vacuum filter - - -
Water cleaning-1 4.2 100 -
Vacuum filter - - -
Water cleaning-2 4.2 100 -
Vacuum filter - - -
Water cleaning-3 4.2 100 -
Vacuum filter - - -
Dry 40 - -
Wastewater treatment - - -

Total 56.8 400 1,122.2
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613 4 A= &

A5AE Wee TP

=

rol

AAE A A
1Ae] AAY wge 8hekA AA 146,700 Y/E, 318H A B
A ARG A AL A 162200 Q/E0IH, scale-upS FS W= 148809 Y/EoITE ¢
ARS] T BlES FAEE ARESkE el wEl tgEXRE WEWY XA T]FoR
155,000-195,000 /=019, #Alel $1E Heu L 15000 /=l AA 7+ 2 HAL A
Hlg-9] g2 170,000-210,000 ¥/=o2, AYALS] 33] AAE F HAAME AT T
W 5000 Y/Ee] Hlgo] AA Hgo FrtEolof Hrh HARe] AAY w4, e A uE
Ao A v&S adgstyets F4 AL EF 16,0009 (scale-up 715)9 H& g
7F Qth dFuE T2 49 AR 15D 03889 HARE HASH[30], € 1,00089] AEFS
Aakst A AZF 45602 HAZE dA ST HALE BE AT A9 Az 7,3008Fh 2] H]

rt

(-

H

Ao A8 gul T, FA 2 A, A8 52 weshA ekel 4

=1
g3t A EAoll= FACE o, FE3tE A= ABALS F, ALY &5 U, Al
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Fig. 6-1. Environmental impacts of three cast metals[102].
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Fig. 6-2. Environmental impacts of binder systems[103].
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Fig. 6-3. Environmental impacts of regeneration methods[104].
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622 52 A g &7 FFA 7t
AaAgzrel 5242 AFaibe) 54 A Aol ek AFe HrtakE Aol
w4 A FAdEHE 282 scaleup AF AAE HEOR A 1E AYE ALS A

A7) 568 kWh, 2 24E 11.2 kg, 498 4 tono]th.

o,

@O 7Isds R A= A
A z=dll A= scale-up Aol AFEE HAF 1E9] 54 AW, Vs Tels HAF 1= A

nestgom, o BeF ARAASG AT ¥ YA WA nefsdn
FeAw Brhskgeh aea ANE A @ AStE A9 BAGTA G4 A

o3k S FS s

Electricity Water Chemical
{568 k¥Wh) {4 ton) (11.2 kg}

Waste sand . Regenerated sand
—»  Wetregeneration |[——»

(1ton) (0.9 ton)

v
Wastewater

(a) wet regeneration of waste sand

Waste sand ——— 1 Without freatment [ Landfill

(b) landfill without wet regeneration

Fig. 6-4. System boundary of wet regeneration and landfill.
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Table 6-5 Characterization of environmental impacts in

inputs of wet regeneration

ADP

AP

EP

GWP

ODP

POCP

HTP

ETP

Electricity 9.8E-01

Chemicals 1.8E-03

Water 8.5E-02

Total 1.1E+00

1.4E+00

7.1E-04

2.5E-02

1.4E+00

8.8E-02

1.3E-04

3.0E-03

9.1E-02

2.8E+02

4.0E-01

4.9E+00

2.9E+02

2.0E-07

6.5E-10

1.6E-04

1.6E-04

4.6E-02

4.2E-06

4.9E-04

4.7E-02

8.1E-01

1.5E-03

3.2E-02

8.5E-01

9.6E-02

3.4E-04

5.3E-03

1.0E-01
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A4 B4 KOH M43 2 A4 33 aelw Az g402 7450 ok Scale-up 2
Ane wgor AW J$A/LE AWHAL 1 FIE Fig. 650 Uehdch vpe
Gt FHelA Az FAH 2R 476 o8 Gl 60% ol delgor], LES vy

FGuolAn sabsiEe] ddoz KOH A% 40 hg 8749 99%0] At

® %A A4 el oF dgRs} A v
ul Holl o]st g3k ADP 3.1E-02, AP 29E-02, EP 7.9E-03, GWP 55E+02, ODP 8.7E-08,
POCP 1.1E-01, HTP 5.0E-01, ETP 6.1E-02¢]lt} (Table 6-6). vyl &3 g3 tfF&e

FFHFAA FA4 ARG WA dEp AR, AF2d3HGWP) dEe 54 ARG 91%
=okaL FskehA AkstE A (POCP) &&= 135% =41 UERSTh

@ mME R FEA Y ALl tiek 39
HFEALe] A vigEE At et tEe] AR F
webA 5A A o 3y g widdl gk I Al
AaE addol "l Anamarija Grbes[79]% 3 Aol A
29%S LCAE 3l £Astah ot oid A

A 2 Aol AE&" CML 2004 ¥4

mlo
J.;
oo 12
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_ﬁ
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¥
A
D>
=)
Q
=
Q
=3
m
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o
D
Ux
N
L
2
>
o

HTP 7.3E-01, ETP 45E-02% YeElytth wepA vy it FEAF 9% el & 39
IS uHd FA Aol I FH9FS ADP 1.0E+00, AP 1.1E+00, EP 8.3E-02, GWP
- 29E+02, ODP 15E-04, POCP -57E-01, HTP -3.8E-01, ETP -256.1E-03°]3lt} (Fig.
6-6). TFak, scale-up A go] obd AA Fe 1dzF &4 dlolHE F=H& HF4 MMl o
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Fig. 6-5. Characterization of environmental impacts in each
processes of wet regeneration.

Table 6-6 Characterization of environmental impacts in landfill and wet regeneration

ADP AP EP GWP ODP POCP  HTP ETP

Landfill 3.1E-02 29E-02 7.9E-03 55E+02 8.7E-08 1.1E-01 5.0E-01 6.1E-02

Wet

. 1.1E+00 1.4E+00 9.1E-02 29E+02 1.6E-04 4.7E-02 8.5E-01 1.0E-01
regeneration
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