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3- MISSION

Towards zero emissions in European ferrous fc
using inorganic binder systems.
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5- METALURGICA MADRILENA SA - COMPANY DESCRIPTION

S

v' Steel foundry since 1953.
v’ Located in Alcala de Henares (Madrid) Espana — Spain.

v Three production lines, one by green sand process and two chemical no bake
sand process.

v Production capability for weight is range from 5 kgs to 2.500 Kg, both for long
runs of thousand parts.

v With chemical sand, normal weights are from 100 Kg to 2.500 Kg, but it can go
up to 5 Kg
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GREEN SAND PROCESS
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6- PROBLEM DESCRIPTION. E—
JUSTIFICATION OF OUR PARTICIPATION IN THE PROJECT.

Strength vs Collapsibility
Inorganic binder @

Organic binder

High
Green sand

Moderate

Strength

Low

Low Moderate High
Collapsibility
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Surface finish vs Collapsibility
Inorganic binder @

Organic binder

High
Green sand

Moderate

Surface finish

Low

Low Moderate High
Collapsibility



Collapsibility

Collapsibility vs Environmental impact

High

Moderate

Low

High Moderate
Environmental impact

Low

Inorganic binder ‘

Organic binder

Green sand



Surface finish

Surface finish vs Environmental impact

High

Moderate

Low

High Moderate Low
Environmental impact
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Inorganic binder ‘

Organic binder

Green sand



CONCLUSION.

It is necessary to launch a project to demonstrate, pron ;
steel foundries in the transition from organic binders to




II- WORK DEVELOPMEI



1-WORK PACKAGES FOR METALURGICA MADRILENA SA

 WP1 - Project management

« WP4 - Full scale implementation and validation of the of innovative inorganic

binders in flagship foundries
 WP5 - Foundry sand reclaimability and reuse assessment
« WP7 - Sustainable, replication and exploitation of project results

« WPS8 - Dissemination and communication



2- COMPANY PROCESSES AFFECTED

—

. Chemical moulding sand preparation.

Core chemical sand preparation. (silica and chromite sand)
Mold preparation.

Core preparation.

Pouring

Shake out.

Sand reclaiming.

Parts cleaning.

R LR e,

Parts quality control. Cracks, blow holes and/or sand frawls.
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TEST PLANNING BT ey

* Primary evaluation of current process
* Environmental, health and safety.

* Sand behaviour

* Pieces quality

e Sand reclamation

* Procedure for performing the test
* Pieces selection

* Properties to be controlled
* Final decision

* Evaluation of process. Part selection for sample
* Environmental, health and safety.

* Sand behaviour

* Pieces quality

e Sand reclamation




* Primary evaluation of current process
* Environmental, health and safety.

* Sand behaviour

e Pieces quality

* Sand reclamation

* Primary evaluation of current process
* Environmental, health and safety.

* Sand behaviour

* Pieces quality

e Sand reclamation

* Environmental, health and safety.
e Sand behaviour

* Pieces quality

* Sand reclamation




* Main conclusions
e Dissemination and communication
* Next steps planification

*Web page

*Brochures.

*Cast Forge

e Publications in technical dissemination journals.
e Local technical schools.

e Study the behaviour of the inorganic binders with chromite sand.
e Study the behaviour of the inorganic binders with olivine sand.

e Increase the percentage of sand reclaimed

e Study the possibility of external use of the rejected sand in cement or ceramic manufacturing, avoiding sending to
landfill.










3. EXTERNAL COOPERATION
v AZTERLAN INZTERLAL
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1. PRIMARY EVALUATION. EVALUATION OF CURREN

1.a) SAND TYPES
» Silica Sand
« Chromite Sand
« Olivine Sand (it will not be tested at first stage)

« Ceramic Sand (it will not be tested at first stage)



1.b) BINDERS

« Molds (reclaimed, new or mixed sand). Silicate — cz
- 3,5 % binder on sand

- 11% ester based on binder.

« Cores (always new sand). Organic and inorganic binc
- 4% binder base on sand
— carbon dioxide,

- sometimes collapser. (6% on total sand weight)
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1.c) EQUIPMENT FOR SAND AGLOMERATE

- For molds
e« 2 continuous mixers

e 1 discontinuous sand mill

- For cores (and for test on molds)

1 Automatic discontinuous mill

3 Semi-automatic discontinuous mills
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2. TEST DESIGN.

2.1 STAGES OF THE CONTROL PLAN

a) General data.

b) Pretest in supplier or external laboratory.

c) Review of regulations and technical and legal standards.
d) Design of a test plan.

e) Validation and documentation

f)  Analysis of results and conclusions

g) Final decision



2.2 MAIN PARAMETERS TO BE CONTROLLED AND REQUESTED VALUES

a) Results 1: TECHNICAL PROPERTIES OF CORES.

PROPERTIES AND PROCESS BEHAVIOR LIMITS
Silica core hardness 40-70
Chromite core hardness 50-80
Bending resistance on silica test coupon (N/cm2) 13-30
Bending resistance on chromite test coupon (N/cm2) 13-30
Workshop temperature: 5-30°C
Laboratory temperature: 18 - 22°C

All technical values are average of 4 measurements



PROPERTIES AND PROCESS BEHAVIOR

Manufacturing process

Sand plasticity

Sand consistency

Sand permeability

Core cohesion

Superficial core state

Easy of core extraction from core box

Piece surface condition internal holes (cores)

Shop enviromental (smell or smoke)
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~ ¢)Results 3: TECHNICAL PROPERTIES OF MOLDS.

PROPERTIES AND PROCESS BEHAVIOR LIMITS
Silica top mold hardness
Silica bottom mold hardness
Bench life silica test coupon (min)
Bending resistance on silica test coupon (N/cm2)
Bench life chromite test coupon (min)

Bending resistance on chromite test coupon (N/cm2)

Workshop temperature:

Laboratory temperature:

All technical values are average of 4 measurements



PROPERTIES AND PROCESS BEHAVIOR

Manufacturing process

Sand plasticity

Sand consistency

Sand permeability

Mold cohesion

Superficial mold state

Easy of mold extraction from pattern
Piece surface condition

Shop enviromental (smell or smoke)
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/Jgesults 5: EVALUATIVE RESULTS AFTER CLEANING

PROPERTIES AND PROCESS BEHAVIOR

Melting temperature

Pouring process

Easy of shake out

Sand collapsability after pouring i
Sand refractoriness

Cleaness of pieces, sand removal

General appearance

Shop enviromental (smell or smoke)
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4sults 6: EVALUATIVE RESULTS FINISHED PIECES

PROPERTIES AND PROCESS BEHAVIOR
Superficial state
Sand inclusions
Cracks, tears and other defects

General appearance
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3. TEST | - SAND TEAM

SAND gI%.\




d) DESIGN OF A TEST PLAN AT MMSA.

d.1) Selection of representative parts for tests.
CHAPE MOULEE TETE DX AGRI 52515441.

Quantity: 2 pcs

Part data sheet

Part weight: Actual = 65Kg.
Metal weight: Actual = 145 Kg
Material: AM22Mn5 +QT(A4)

Boxes size (mm): 1020*750*300

Figure 1: Piece drawing
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e) DEVELOPMENT OF A SAMPLES PRODUCTION PLAN AT MMSA FOR SAND TEAM.

e.l) Test development 1: cores preparation

o
gicl)ircz I;lar11d and chromite sand Core 1 box Core 2 box
Bindder and aditive

N U : : : , control
A | y "y . L R Sy = , v' ST : .

gg— < 'y

Core N22 Silica sand Pretest emplacementPatters and metal

Sand mixer
boxes

Silica sand and chromite sand



CORE MANUFACTURING PROBLEM

e Core number 1 came out in perfect condition.

* The first time we made core number 2, we took it out of the box and it broke, that's why we kept it in the
core box until we put it in the mold.

 When we saw the broken core, we saw that the sand came off easily and that it had little strength.

* After some adjustment, result was acceptable.

A0

SRR » 0 S ,uf{\' B < - .

Figure 17: Core n2 2 broken



Molds preparation Molds preparation i Pouring



MOLD MANUFACTURING PROBLEM

When it came to filling the mold with the sand with the new binder and hardener,
we saw that the bench life was very short, so that the operator had a hard time
distributing the sand compactly and correctly throughout the mold.
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e.3) Test development 3: pieces finishing

AY, N

After shotblasting Pouring Machining

Final part quality is good, similar to current system
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f.5) Test development 4: Environmental conirol: AZTERLAN

f.5.1 - During the preparation of the mould:

| .“. T
ANt -

During the preparation of the mould next emissions were meassured: crystaline silica, formalheide, total
VOC, gases (NOx, SO2, 02, CO) and particulatte matter (PM1, PM2,5, PM4, PM10).

Final results below acceptance limits: OK.



Emission measurements - Moulds preparation

MOULDING

- {
Compound
Sampling time (min)

initial flowrate(I/min) |  oe6 | 225 | 25 |
—_
| <0a1

10 fraccion inhalable vy 3
Limit Value Spain 8 h (mg/m3) 0,37 raceont v
fraccion respirable

Limit Value Spain 15min(mg/m3) |  o7¢ | - | -

Azterlan Sample pumps results: Final results below acceptance limits: OK.
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/;‘.5.2- During pouring of the metal and the solidification:

SAND g%\

e NO, NO2, CO, SO2, COV and particulate matter (PM10, PM2,5, PM4 and PM1) Oi,
e BTEX, PAHs and crystalline silica

Final results below acceptance limits: OK.
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Emission meassurements - Pouring and solidification

POURING

oo o= 0 [ ]
Etilbencene mmm Crystalline Silica

—
———————_

———— __
Concnrsion g —

10 fracunn inhalable
Limit Value Spain8h (mg/m3) 221 22 221 ,05 . , .
y 3 fraccion respirable

Limit Value Spain 15 min ( mgfmi} -'la‘-]ﬂ

Azterlan Sample pumps results: Final results below acceptance limits: OK.
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- Emission meassurements - Pouring and solidification

POURING
[

Acenaphthene + Fluorene | Acenaphthylene Anthracene  |Benzo{a)anthracene Benzo{a)pyrene lenzo{b}fluoranthenBenzo(g.h.l)perylen

Start ime 13:35 13:35 13:35 13:35 13:35 13:35
¥

nd time 15:05 15:05

: r 15:05 1505
Sampling time {min :30 . 1 : 23 _

1:30
Sampling time (min) _

1:30
- - o —t ~ - - ~ m
Initial flow rate (I /min) Bk ,13 BE BE 2
End flow rate (I/min) 1 2,08 208 2,08 ; ! 2,08
r . v v - ,

{mg/m3})
Limit Value Spain 8 h (mg/m3)

‘,'m;', ‘;/Slu;' ipanﬁ 'l‘;v muﬁ ('mp_r,/n'\'il

POURING

Benzolk)fluoranthene] Chrysene |Dibenzo (3; h) anthracene Indene (1,2,3-cd)pyrene|Naphthalenel
13:35 13:35 13:35 1335 | 1335 13:35 13:35 13:35
\

End time 15:05 15:.05 | 15:05 15:05 15:.05 15:05 15:05
Sampling time (min) 1:30
Sampling time (min} | 9% | 9 [ = e |

Initial flow rate (I/min})

End flow rate {|/min I A ‘, ) N 8 \
[

2 3
Sampling volume (1 . . 189,5
<0,0011

Lab result (pg) X <0, 03 <0, \‘ <0,03 <0.4
Concentration (mg/m3) 0, <0,0003 | <0,0002 <0,0021

Limit Value Spain 8h (mg/m3)

Limit Value Spain 15 min (mg/m3)

Azterlan Sample pumps results: Final results below acceptance limits: OK.
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h) CONCLUSIONS SANDTEAM TEST

With the new binder, when several cores broke, it was decided to leave them in the box unfil
It was time to put them in the mold, but could be managed and solved.

- With the new resin, there was no good cohesion of the sand and we had 1o wait longer to
remove the male from its box.

Bench life is very short, could be adjusted.
Shake out, collapsibility: No special problems, difficult as current system.
Outside and Inside, no differences were found from the current ones.
- Final casting quality control: No issue found, similar to current ones.
- Final quality control after machining: No issue found, similar to current ones.
Good environmental behavior, similar to current one. Values below acceptance limits.

- Incompatibility with agglomerated sand with the current process!!.

- This procedure could be used for production adjusting to solve problems detected.



4- TEST Il - FOSECO
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ENVIRONMENTAL AND HEALTH IMPACT CHARACTERISTICS n

FOSECO

ECOLOTEC 750 (organic)

2.1. Claslificacion de la sustancia o de la mezcla

Clasificacién segdn Reglamento (UE) n® 1272/2008 [CLP]
Corrosivos para los metales, categoria 1 H290
Toxicidad aguda (oral). categoria 4 H302
Irritacion o corrosion cutaneas, categoria 1 H314
Leslones oculares graves o imitacion ocular, categoria 1 H318
Sensibilizacién cutanea, categoria 1 H317
Toxicidad para [a reproduccién, categoria 1B H360FD
Texto completo de las frases H y EUH: ver seccion 16

SOLOSIL 433 ECO (inorganic)

Electos adversos Risicoquimicos, para la salud humana y ¢l medio ambiente

Provoca quemaduras graves en o piel y lesiones ocufiares graves. Proveca kesiones cculares graves
2.2, Elementos de la etiqueta

Etiquetado segin o Reglamento (CE) n® 1272/2008 [CLP]

Piclogramas de pelgro (CLP)

GHS05
Palabra de adverencis (CLP) Pegro
Conbene * Beido slicko, sal de sodo

Efectos adversos fisicoquimicos, para la salud humana y el medio ambiente
Que se sepa. el producto no presenta ning(in riesgo especial siempre que se respeten las normas generales de higiene industrial.

2.2. Elementos de la etiqueta
Etiquetado segin el Reglamento (CE) n® 1272/2008 [CLP]

Pictogramas de peligro (CLP) 2 ‘ :: ‘ 16207004 (Focha de smfeiied)
GHS0S

GHS07 GHS08

012004 (Fecha de emisidn)

SOLOSIL 433 ECO

Fichas de Datos de Seguridad
oondorme al Keghasso (CF) o F0VX006 (REALH), saodificado por of Reglazenes (LUE) X0 171

ECOLOTEC 750
Fichas de Datos de Seguridad

H314 . Paovoca quesaduras graves en La piel y lesknes oculares gaves
P280 - Uevar guanieshopa de prolectiéndequipo d2 prodeccon para los opsia carakos

Indcaciones d& peigro (CLP)
Conseyns d prudencas (CLP)

segin ¢ Reglamesss REACH (CE) 1907/2006 modificado poe ¢l Reglamemo (CE) 2020578

Palabra de advertencia (CLP)
Contiene

Indicaciones de peligro (CLP)

Consejos de prudencia (CLP)

: Peligro
: Metanol; Fenol; Hidréxido de potasio; 2-fenoxietanol, Fenol, polimero con formaldehido;

Formaldehido

: H280 - Puede ser corrosivo para los metales.

H302 - Nocivo en caso de ingestion.

H314 - Provoca quemaduras graves en la piel y lesicnes oculares graves.
H317 - Puede provocar una reaccion alérgica en fa piel.

H360FD - Puede perjudicar a la fertilidad. Puede dafar al fato.

: P280 - Llevar guantesiropa de proteccibn/equipo de proteccion para los ojosfia caraflos

oldos.

P3014P312 - EN CASO DE INGESTION: Llamar a un CENTRO DE TOXICOLOGIA 0 a
un médico si la persona se encuentra mal. §

P301+P330+P3314P310 - EN CASO DE INGESTION: Enjuagarse la boca. NO provocar
el vomito. Llamar inmediatamente a un CENTRO DE TOXICOLOGIA/médico.
P303+P361+P353+P310 - EN CASO DE CONTACTO CON LA PIEL (o el pelo): Quitar
inmediatamente todas las prendas contaminadas. Aclararse la piel con agua/ducharse.
Llamar inmediatamente a un CENTRO DE TOXICOLOGIA/médico.
P305+P351+P338+P310 - EN CASO DE CONTACTO CON LOS OJOS: Enjuagar con
agua cuidadosamente durante varios minutos. Quaar las lentes de contacto cuando
esién presentes y pueda hacerse con facilidad. Prosequir con el lavado. Llamar
inmediatamente a un CENTRO DE TOXICOLOGIA o a un médico.

P308+P313 - EN CASO DE exposicidn manifiesta o presunta: Consultar a un médico.

2.3, Otros paligres

oidos

P301+PA0PII+PA0 - EN CASO DE INGESTION: Enjusgarse la boca. NO provecar
el vomito. Liamor nmediataments a tn CENTRO D€ TOXICOLOGIUmSdion.
P3G-P351+PI534P310 - EN CASO DE TACTO CON LA PEL (0 & peto). Quitar
Inmedatamenis lodas b prendas contaminadas. Aclararse b peel con aguaduchase
Liamar inmedintamente a wn CENTRO DE TOXICOLOGEVmédco
P36-P351+P338+P310 - EN CASO DE CONTACTO CON LOS 0JOS: Ergungar ton
A0us cudodosamente deranle vanos meukos. Quitar ks lentes de contacto cuandd
estin presendes y pueda hivesse con [acldad Prossgur oon & lvado. Llamae
inmedaamente o wn CENTRO DE TOXICOLOGH 0 0 un médio

P21 Se necesf un iratamenn especiion (ver mreccones dé pemencs ks en
el thuedn)

No contiene sustancias PETImPad 2 0.1% eviuadas con amegho o Anexo XN do REACH

La mezcls no confiene sustancials) nchados e & inls establocdn con amegho al arlioudo 50, apartado, debido a sus propedades de
aleryotn endocrna, fv se ha identficado que leagan propredindes d2 letacin endocnna con amegh a los crierios estableodos en el
Reglamenio Delegado (UE) 20172100 de la Comesdin y en ¢l Reglamentn (UE) 2006805 de |a Comisidn en sna concantaciin igsal o

suseror al 0,1%
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d) DESIGN OF A TEST PLAN AT MMSA.

d.1) Selection of representative parts for tests.

Part data sheet

Reference.: B805700565

Part weight: actual: 110 Kg

Metal weight: actual: 234 Kg
Material: 20M6M (STAO1-354) A4

Upper: 1920 x 720 x 250
Boxes size (mm): Lower: 1920 x 720 x 300

Figure: Core



e) DEVELOPMENT OF A PRODUCTION PLAN AT MMSA: SAMPLES.
e.1) TEST DEVELOPMENT 1: CORE MANUFACTURING PROCESS:

o AN
Core gassing.
T= 1% mint

-,
V.

Core box Box filling

NelgleRillligle

MACHON BRUT — AXLE HOUSING B80570055
Work-shop temperature: 16°C

Final cores
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e.2) TEST DEVELOPMENT 2: MOLD MANUFACTURING PROCESS

MACHON BRUT — AXLE HOUSING B80570055
Work-shop temperature: 16°C




Pouring

4 19

Poﬁﬁnkhed



h) CONCLUSIONS FOR OLIVINE SAND

Adequate bench life, within limits.

Demoulding and collapsibility: No special problems.
Inside and core areas: No problemes.

Final casting quality control: No problems.

Good environmental performance.

Good sand recovery

FOSECO inorganic binder can be used with no special problems in
molds and cores manufacturing.

Good behaviur in core manufacturing to replace the organic binder



5- TEST lll - PEAK TEST

NTERNATIONAL PRODUCTS




d) DESIGN OF A TEST PLAN AT MMSA.

d.1) SELECTION OF REPRESENTATIVE PARTS FOR TESTS.

CHAPE MOULEE TETE DX AGRI 52515441.

Quantity: 2 pcs

Part data sheet

Part weight: Actual = 65Kg.
Metal weight: Actual = 145 Kg
Material: AM22Mn5 +QT(A4)

Boxes size (mm): 1020*750*300
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d.2) BINDERS AND HARDENERS FOR MOLDS OF SILICA SAND: RECIPES:

Sand type: 100% new sand

Sand quantity: 785 Kg per piece = prepare 785 Kg x 2 = 1570 Kg

Chromite sand: 0 Kg per piece

Number of pieces: 2 pcs

Continuous mixer machine

Recipe:
* binder Cast Clean® S27F 2,5% (over sand).
e Additive Cast Clean® K6: 10% (over binder).

* binder Cast Clean® S27F 2,5% (over sand).

* Additive Cast Clean® K3: 10% (over binder). P B

Bottom mold




e) DEVELOPMENT OF A PRODUCTION PLAN AT MMSA: SAMPLES.
e.1) TEST DEVELOPMENT 1: CORE. MOLDS AND MELTING:

okl il e
Core N21 Silica and chromite sand Core N22 Silica sand Mold with core

< .

. ba
=\ o T - R i
- -

Box closed waiting for pouring Burn the painted mold Pouring
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e.2) TEST DEVELOPMENT 2: SHAKE OUT AND CLEANING
SHAKE OUT AND CLEANING PROBLEM :

- Calcined sand adhered to the external surface of the piece
- Inside, no differences were found from the current ones. No special problems.

_1 After abrasive cleaning, all the stuck
‘WA sand was removed but imperfections
%+ were already visible due to the mold

Part inside the mold Part after shake out Part after cleaning sand.
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e.3) TEST DEVELOPMENT 3:

Part inside the mold

Part after shake out

After abrasive cleaning, all the
stuck sand was removed but
imperfections were already
visible due to the mold.



RESULTS 4: FINAL PRE-PRODUCTIONPIECES QUALITY

PROCESS BEHAVIOR PEAK CONCLUSION
Superficial state Normal ACCEPTABLE
Sand inclusions High
Cracks, tears and other defects Good ACCEPTABLE

General appearance Good ACCEPTABLE
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h) CONCLUSIONS FOR PEAK

* Same percentages and preparation process.

* No enough good cohesion of the sand and we had to wait longer to remove the core from its box.
* Bench life is very long, could be adjusted.

» Shake out, collapsibility: No special problems, difficult as current system.

e Qutside and inside surfaces, no differences were found from the current ones.

e Final casting quality control: No issue found, similar to current ones.

* Final quality control after machining: No issue found, similar to current ones.

* Expected good environmental behavior, no smell or smoke, similar to current one, but no measurement.

* This procedure could be used for production adjusting to solve problems detected.



6- RESULTS CONSOLIDATION

SAND e

FOSECO
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NTERNATIONAL PRODUCTS
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f) QUALITY AND ENVIROMENTAL RESULTS SAMPLES FOR SAND TEAM:

f.1)  RESULTS 1: TECHNICAL PROPERTIES OF CORES. (MMSA LAB)

PROPERTIES AND PROCESS BEHAVIOR LIMITS SAND TEAM FOSECO PEAK
Silica core hardness 40-70 51,5
Chromite core hardness 50 - 80 67,5 71,5 62,5
Bending resistance on silica test coupon (N/cm2) 13-30 21,54 15,7
Bending resistance on chromite test coupon (N/cm2) 13-30 13 25
Workshop temperature: 5-30°C 15°C 16°C 18°C
Laboratory temperature: 18 - 22°C 20°C 21°C 20°C

All technical values are average of 4 measurements



f.2) Results 2: EVALUATIVE RESULTS CORES MANUFACTURING

PROPERTIES AND PROCESS BEHAVIOR SAND TEAM FOSECO PEAK
Manufacturing process Normal Normal
Sand plasticity Normal Normal Normal
Sand consistency High Normal
Sand permeability Normal Normal Normal
Core cohesion High Normal
Superficial core state Good
Easy of core extraction from core box Good Good Good
Piece surface condition internal holes (cores) Normal Normal Normal

Shop enviromental (smell or smoke) Normal. Odorless Normal. Odorless Normal. Odorless



f.3) Results 3: TECHNICAL PROPERTIES OF MOLDS.

PROPERTIES AND PROCESS BEHAVIOR
Silica top mold hardness
Silica bottom mold hardness
Bench life silica test coupon (min)
Bending resistance on silica test coupon (N/cm?2)
Bench life chromite test coupon (min)

Bending resistance on chromite test coupon (N/cm?2)

Workshop temperature:

Laboratory temperature:

All technical values are average of 4 measurements

LIMITS
60 — 80
60 — 80
5-8min
13
5-8min
13==80
5-30°C

18 - 22°C

SAND TEAM

5 min
13
15°C

20°C

FOSECO
66,75
66,5
5-6 min
21,5
5-6 min
27
16°C

21°C

PEAK

15,7

18°C

20°C



f.4) Results 4: EVALUATIVE RESULTS MOLDS MANUFACTURING

PROPERTIES AND PROCESS BEHAVIOR SAND TEAM FOSECO PEAK
Manufacturing process Normal Normal Normal
Sand plasticity Normal Good Normal
Sand consistency Normal Normal
Sand permeability Normal Normal Normal
Mold cohesion Normal Normal Normal

Superficial mold state

Easy of mold extraction from pattern Good Good Good

Piece surface condition Normal

Shop enviromental (smell or smoke) Normal Normal Normal. Odorless



f.5) Results 5: EVALUATIVE RESULTS AFTER POURING, SHAKE OUT AND CLEANING

PROPERTIES AND PROCESS BEHAVIOR

Melting temperature

Pouring process

Easy of shake out

Sand collapsability after pouring
Sand refractoriness

Cleaness of pieces, sand removal
General appearance

Shop enviromental (smell or smoke)

SAND TEAM
1620°C
Normal

Normal — Difficult
Normal - difficult
Good
Normal
Normal

Normal

FOSECO
1635°C
Normal

Normal - Difficult
Normal - Difficult
Good
Normal
Normal

Normal

PEAK

1620°C
Normal
Normal - Difficult
Normal - difficult
Good
Normal
Normal

Normal



PROPERTIES AND PROCESS BEHAVIOR SAND TEAM FOSECO
Superficial state Normal

Sand inclusions Normal

Cracks, tears and other defects Good

General appearance Good
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6.2) PRE-PRODUCTION BATCH

a) RESULTS 1: CORE MANUFACTURING PRE-PRODUCTION

PROCESS BEHAVIOR

Manufacturing process
Sand plasticity

Sand consistency

Sand permeability

Sand collapsibility after pouring
Core cohesion

Superficial core state

Shop enviromental (smell or smoke)

SAND TEAM

Normal
Normal

Sand come off

Normal
Difficult - normal
Sand come off
Inclusions

Normal

FOSECO

Normal
Normal

Normal

Normal

Difficult - normal

Normal

Inclusions

Normal

PEAKS

Normal
Normal

Sand come off

Normal
Difficult - normal
Normal
Inclusions

Normal




b) RESULTS 2: PRE-PRODUCTION MOLD MANUFACTURING

PROCESS BEHAVIOR SAND TEAM
Manufacturing process Some problems
Sand plasticity Normal
Sand consistency Some problems
Sand permeability Normal
Sand collapsibility after pouring Difficult — Normal
Bench life
Mold cohesion Normal
Superficial core state Inclusions

Shop enviromental (smell or smoke) Normal

FOSECO

Some problems

Normal

Normal
Normal
Difficult - normal
Normal
Normal
Normal

Normal

PEAKS

Some problems

Normal

Some problems
Normal

Difficult - normal

Normal
Inclusions

Normal



c) RESULTS 3: PRE-PRODUCTION MMSA LABORATORY CONTROLS

PROPERTIES AND PROCESS BEHAVIOR
Silica core hardness

Chromite core hardness

Silica top mold hardness

Silica bottom mold hardness

Bench life silica test bar (min)

Bending silica test bar (kg/cm?2)
Bending silica test bar (N/cm?2)

Workshop temperature:

Laboratory temperature:

LIMITS
40-70
50-80
60 — 80
60 — 80
5-8 min
13-30
127 —294
5-30°C
18 - 22°C

SAND
TEAM FOSECO
55
68 72
69
68
5-6 min
21,5
211
15°C 16°C
20°C 21°C

PEAK

63

18°C
20°C




d) RESULTS 4: PRE-PRODUCTION STEEL POURING AND SHAKE OUT

PROPERTIES AND PROCESS BEHAVIOR  SAND TEAM FOSECO PEAK
Pouring process Normal Normal Normal
Shake out process Difficult-normal Difficult-normal Difficult-normal

Cleaness of pieces, sand removal Normal Normal Normal
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FINAL PIECE STATUS SAND TEAM  FOSECO

Superficial state normal
Sand inclusions Normal

Cracks, tears and other deffects Good
General appearance Good
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f) ADDITIONAL CONTROL FOR ALL THE PROCEDURES

f.1) TEST COUPONS AND LABORATORY

SAND

(Jh & =

e SOLOSIL 433 ECO: 3% on sand and 6% collapser on sand for both silica and chromite

e GEOPOL510: 2.8% on silica sand and geotek 007: 0.7% on silica sand

e GEOPOL510: 2% on chromite sand and geotek 007: 0.7% on chromite sand

e CAST CLEAN S27F: 2.5% over sand and cc3: 10% over cast clean s27f for both silica and chromite

Workshop temperature: 28°C
02/07/2024 Laboratory temperature: 22 °C



Flexion test with silica sand on test coupons

Flexion test silica sand

SAND TEAM




Hardness test with silica sand on test coupons

Hardness test silica sand
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SAND TEAM




Flexion test with chromite sand on test coupons

Flexion test chormite sand

SAND TEAM




Hardness test with chromita sand on test coupons

Hardness test chormite sand

SAMD TEAR




f.2) CORE PRODUCTION

-
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f.3) CORE PLACEMENT IN THE MOLD
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f.5) FINISHED PIECES




VI- ADDITIONAL STUDIES (WP2)

(ADDITIONAL RESEARCHS - LIFE PROJECT)






e) DESIGN OF A TEST PLAN AT MMSA.
e.1) SELECTION OF REPRESENTATIVE PARTS FOR TESTS.

Part data sheet

Reference:
Part weight: Kg
Metal weight: Kg
Material:

Upper:
Boxes size (mm): Lower:

Figure 1: Piece drawing



Vi- ADDITIONAL STUDIES

B- CERAMIC SAND
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b) CERAMIC SAND WITH INORGANIC BINDER FOR CORES MANUFACTURING =~
* Binder: Inorganic binder silicate Solosil 433; hardener: CO2.
 Application: Cores manuracturing
 Where: MMSA core shop
 When: 15/01/2026
« External supervision & technical support: FOSECO
« Sand laboratory: MMSA

 Sand: 100% Ceramic sand
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c) CERAMIC SAND WITH INORGANIC BINDER FOR MOLD MANUFACTURING

* Binder: Inorganic binder silicate: Carsil 4000; hardener: VELOSET 400 and
VELOSET O.

 Application: Molds manuracturing

 Where: MMSA core shop

 When: 15/01/2026

« External supervision & technical support: FOSECO
« Sand laboratory: MMSA

 Sand: 100% ceramic sand
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d) REVIEW OF REGULATIONS AND TECHNICAL AND LEGAL STANDARDS:

v Health and safety review and environmental impact assessment.

v Definition of specific procedures and preventive and response measures for accidents in

occupational risk prevention.

v Definition of specific procedures and preventive and response measures for accidents in

environmental protection.

Conclusion:
v Security and technical documents received and evaluated.

v" Our technical procedures for environment, health, security and emergency situations

cover potential risk for these products.



e) DESIGN OF A TEST PLAN AT MMSA.
e.1) SELECTION OF REPRESENTATIVE PARTS FOR TESTS.

Piece.... Part data sheet
Reference:
Part weight: Kg
Metal weight: Kg
Marterial:
Upper:
Boxes size (mm): Lower:

Figure 1: Piece drawing



e.4) WORK TEAM

o Selection of personnel who will perform the test.
- MMSA: Core and mold workers;
- MMSA coordination: Shop manager. José Antonio Cuesta.

- MMSA control: Laboratory. Luis Cerezo.

e External Support

- FOSECO: Enrigue Pardo

* Responsible:

- MMSA: Factory manager: Javier Abello
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f) DEVELOPMENT OF A PRODUCTION PLAN AT MMMSA: SAMPLES.
f.1) RESULT OF CORES:

* Good behaviour.
* Good properties.

* No problem making cores.

Core 1

Core 2
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Vi- FOUNDRY SAND RECLAIMABILITY
AND VALORIZATION ASSESSMENT (WP5)
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1) SAND RECLAMATION PARAMETERS

Thermomechanical

« Sand preparation and cleaining.

« Sand drying temperature: = 160 °C

* Fluid bed for attrition and sand cooling up to 50 - 60 °
« Chromite sand removal
« Sand cooling up to 20 °C

« Maximum sand temperature: 25 °C



2) SAND RECLAMATION PROCESS

; Second .
HeSlino Afrition ¢ cooling CRSl©

180° COO”“Q 20-25°C SepOrCITion

Screening

Reclaimed
Sand Coarse New sand —
losses

extract

25-30% 75-70%

Sand for use

« New sand: 25-30%
e Reclaimed sand: 75 -70%
« Target: > 80% reclamation
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3) SAND RECLAMATION PROCESS
Several test of sand reclamation were carried out. Conclusions:

- Sand agglomerated with inorganic silicate resin and hardener could be reclaimed with
approx. 70% of sand recovered.

- Test has been done of mold manufacturing with 100% of reclaimed sand (with only 1
cycle of reclamation).

- Sand lost in different stages of the process (fines, coarse grains, sand calcinated
adhered to the pieces) reach approx. 25 — 30%



METAMSA

4) TECHNICAL CHARACTERISTICS OF RECLAIMED
YA\ DK

- Laboratory: MMSA

PROPIEDADES FISICAS
amano &N Mezsiatr
Tempo de homogenetzacion:

%
Permeaabillsad:
Comp r

Folografla

O, ‘

DBSERVACIONES:

Gramos de arena pesados. 20,1136




METAMSA NTROL DE ARENAS LABORATORIO

REDOMDOS,

Technical characteristics of new silica sand:

O] mm | Gemes | %a |

- Laboratory: MMSA I I - R

> TTAZOs
L&} 0

Apana fina

centrales

Foiografia

Valores max.
o0s de arena pesados: 28 8229 criso 2,472 FINOS: <4, 5

Hurmesdzd: 0.11% 0.50% 2 33, GRUESOS




Caracteristicas VLR* Resultados
A.F.S. 47
Finos 3% 0,00%
P.P.C 0,50% 0,50%
pH 13 10,95 o PH
HuiraEe 0’20% 0,18% B Resultados ®mVLR*
NaOH 0,50% 0,43%
ADV 150% 125,0% B Resultados mVLR*
Total Magnetita 0,0%
Total Cromita 2,57%
Total Imantables 3% 2,57%
Conductividad 1990
Bl == 0HE

Finos P.P.C Humedad NaOH
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- Evolution of reclaimed sand hardness over time
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- Evolution of reclaimed sand bending resistance over tim
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Evaluative results molds manufacturing

PROPERTIES AND PROCESS BEHAVIOR

Manufacturing process
Ceramic sand plasticity
Ceramic sand consistency
Ceramic sand permeability
Mold cohesion

Superficial mold state

Easy of mold extraction from pattern

Piece surface condition

Shop enviromental (smell or smoke)

FOSBED
Normal
Normal
Normal
Normal
Normal

Normal

Good

Normal

Normal. Odorless
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5) RESIDUAL SAND CHARACTERIZATION:

The residual sands have been characterized on two occasions by an external independent
laboratory, to determine their level of contamination and environmental impact, using
inorganic binder sand.

11-01-2024: Result: “The waste called “Foundry sands”, according to the basic
characterization described in this report, is ADMISSIBLE in a landfill for non-hazardous waste
of type B1b, that is, landfills of non-hazardous inorganic waste with low content of organic or
biodegradable matter with joint dumping with stable non-reactive hazardous waste and of
type B3, that is, landfills of mixed non-hazardous waste with a substantial content of both
organic or biodegradable waste and inorganic waste.”
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13-05-2024: Result:

“8.1 Declaration of hazardous/non-hazardous nature and assignment of LER code

The assessment of the results obtained from the laboratory analysis of the representative
samples of the indicated waste, assessed according to Annex Ill of Commission Regulation
(EU) No 1357/2014, in Regulation (EC) 1272/2008 (CLP), is as follows:

The waste called “Foundry sand”, according to the hazard characterisation described in this
report, is found to be NON-HAZARDOUS, and is assigned the LER code 10 09 08 “Foundry
cores and moulds with casting other than those specified in code 10 09 07, within
subchapter 10 09 “Wastes from the foundry of ferrous parts”, within chapter 10 “Wastes

7 n

from thermal processes.”.
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6) RESIDUAL SAND VALORIZATION:

e Several test have been done with the rejected sand sent to bricks manufacture shop
e Sand could be use for bricks manufacturing

 Necessary to eliminate:
- Clumps of sand. & i ‘
- Ceramic hard material , \- D
- Avoid fines i gy e 2 S

- Steel bars (mainly non-magnetic steel bars)
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7) CONCLUSIONS OF RECLAIMED SAND STUDY:

1. Residual sand is NON-HAZARDOUS.

2. Molds can be produced with 100% reclaimed sand and inorganic binder, but'alimitated
number of reclaim cycles.

3. Percentage of reclamation: 70 — 75% (other foundries reach 85-90%)

4. Sand lost in different stages of the process (fines, coarse grains, sand calcinated adhered
to the pieces) reach approx. 25 — 30%

6. Residual sand could be sent to a normal landfill for non-hazardous waste.

7. Residual sand could be used for concrete or bricks manufacturing, but it is necessary to
improve quality of the residual sand.
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8) PROCESS TO IMPROVE RECLAMATION RATE AND VALORIZATION
1. Install equipment to break up clods and clumps of sand.

2. Install equipment to screen out unwanted elements: pieces of refractory material (such
as impacts or channels) and non-magnetic steel bars.






"m CONCLUSIONS LIFE PROJECT E—

1. The use of inorganic binders represents a substantial improvement in air quality in foundries and in the
environment.

2. This applies, in particular, to parameters such as the volume of gases released and their composition, with
special emphasis on the content of substances from the BTEX, PAH, phenol, formaldehyde, MDI/TDI, CO,
CO2, NOx, SO2 and Tvoc groups, as well as dust (PM 10, PM 2.5)

3. The improvement in air quality is manifested, above all, in the pouring of sand on the models to
manufacture the piece and in the pouring of molten steel into the molds.

4. The use of inorganic binders is compatible with all the pieces manufactured at Metalurgica Madrilena,
except for some small cores.

5. The use of inorganic binders is compatible with silica and chromite sands.
6. The use of inorganic binders allows the recovery of sand up to 80%, and could get use of up to 100%.

7. The residual sand from inorganic binders is qualified as NON-HAZARDOUS and could be used in other
applications like ceramic industry.



"M CONCLUSIONS LIFE PROJECT — ADDITIONAL WORKS
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WWW. metamsa conf %- greencastmghfe@metarhsa com
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