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What is Magnelis®

Product Description:

e Hot dip Zinc metallic coating with 3.5%
Aluminium, & 3% Magnesium

e With improved corrosion performance
(sacrificial & barrier) vs. pure zinc
(sacrificial only)

e Coating designation is “ZM”
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Has a natural dark grey, spangle-
free smooth aesthetic surface
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How are ZnAlMg Coatings Produced

Continuous Hot Dipped Metallic Coating Process

cooling

Zn + Mg + Al

| - ZnMgAl

Key Benefits:

» Continuous automated process
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» Online control, uniform coating
» Metallic coating layer of Zn, Al, Mg alloys
>

Coating Weight expressed in g/m?
(combined both sides)
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Hot Dip Metallic Coatings Comparison P
ZM vs. Gl (Galvanize) ArcelorMittal

Hot dip metallic coatings morphology (not to scale or equivalent coating thickness)

Continuous Galvanize

ZM (Magnelis®)
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Why do we Like It ArcelorMittal

Unique Properties I\/Iagnelis® (ZM) vs. Hot Dip Galvanize (Gl)

e Superior corrosion protection (sacrificial & barrier) even in aggressive
environments (chloride, ammonia, alkaline, soils, wet concrete)

e Less coating mass required (2 to 3 times) while achieving
equivalent/better corrosion performance than Gl

e Environmentally friendly (less Zinc runoff & usage).
e Improved cut-edge protection/self healing

e Low coefficient of friction & powdering results in excellent roll forming,
bending, punching, & less Zinc tool buildup

e Similar weldability to Gl
e Alternative to heavy coating post dip/batch Galvanize and other metals
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ZM performance better or equivalent to Gl
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Corrosion Mechanisms ,
ArcelorMittal

Improved Corrosion Resistance: Barrier Oxides

Initial state Advanced state

nvironment

g n+ 2+ 2+ A |3+

=

=

o

[ //f“‘\\

(&)

< I

o

c N

o

T

£ i 2

N ;
S e =

S R environment (CO /

£ B

T S

e
e e
R e
e R
G G Eitys
£ b
bt b

Cl'/OH /SO,2...)

< When the metallic coating (M) corrodes, the corrosion resistance is closely
linked to the inhibiting (barrier) properties of corrosion products that precipitate
both on steel and coating surfaces

< The more compact and stable the corrosion product layer is, the greater the
limiting effect on oxygen reduction resulting in a slower corrosion rate
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< For ZM coatings, alloying elements (Al & Mg) contribute to the precipitation of
compact and stable corrosion products which strongly inhibits oxygen flow

< 3% Mg in the coating insures a stable barrier effect*

* study at Tsukuba University /Japan- March 2010
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/M & GI Corrosion Mechanisms
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Corrosion products formed during accelerated corrosion testing

Coating Main corrosion products Structure Characteristic
g N 6000071 Zno Porous
g el gl corrosion
HH coating wo0{ | products
?E—(% (1Oum) of_l_._ AL |.ﬂ TR Y
U; fingo;id-é"-(zaﬁos)" Low inhibition
;.‘g '
53 . o0 Compact
i M e | N 1 corrosion
:Z coating w0 products
o3 (10pm) S N h‘”\ it X
| 2ot DR SR | High inhibition
: Simonkolleite (ZHC) and ' S J
© AlMg basic salt (LDH) ZHC [ AlMg LDH

< ZM product with 3.5% Al & 3% Mgq is an ideal coating composition which results

in compact corrosion products and exceptional corrosion performance
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Corrosion Performance — Self Healing ArcelorMittal

Cut edge protection

Initial exposure period
(up to several weeks)

The exposed cutend Substrate
of subsirate is oxidysed
A 4
Subjected to rain Intermediate exposure period
and condensaiion (beyond several weeks)
v >

The zinc-based film
cantaining magnasium
on the coating layer
migrates over the cut end.

Long exposure period
(after more than a year)

v e ——————

Disappearing of red rust
and increasing of white rust
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Self Healing Mechanism

Coating layer
Red rust

White rust
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Corrosion Performance — Self Healing ArcelorMittal

Cut edge protection
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Self-healing cut edge affect
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16 months
= 30-40% red rust - 60% white rust 10% red rust - 70% white rust

6 months

Outdoor exposure over different time periods of Magnelis® ZM250

with 2 mm thickness in Brest (France)
Marine category C5-M (the most severe)
Institut Frangais de |la Corrosion
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Corrosion Performance ArcelorMittal

Corrosion Resistance: Salt Spray Test

ZM250 (20u) compared with ZM250 (20u) compared with 21170
Z275 (G90) pre galvanized (20p) (G380) post/batch galvanized (851)
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Salt Spray test Salt spray test 2000 hours
Post- I I M lis® ZM
Gl after 6 weeks 2M after 34 weeks ost-galvanised 85 pm coating agnelis® ZM250/20 pm coating

ZM (Magnelis®) outperforms standard continuous and batch galvanized (Gl) materials

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t 2017 11
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Corrosion Performance ArcelorMittal

Corrosion Resistance: Marine/Chloride Environment

«  Sea Test Area: Brest, C5M environment
(marine, 2 meters from the sea)

3 Samples
<
~ 45
e
5e = ¢ Magnelis B Gl
4 R e
gg (0] 3 _
28 < y = 0,0988x - 0,0516
= © 2,5 7 IR
o3 . . = 2 -
== Similar test done in Daytona S e
338 ; O 1,07
¢ Beach (C4/C5 environment) E ]
<& with even better results 7 y = 0,0268x + 0,0295
ou S 0,5 - e R? = 0,9986
é @) 0O B I \ \ \
0 12 24 36 48 60
O
Time (months)

In Marine/Chloride environments Galvanized (Gl) steel
corrodes 3 times faster than Magnelis® (ZM)
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Corrosion Performance
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Gl (Z) & ZM Mass Loss after 2 & 3 Years — Outdoor Sites:

EMZ HEC EBR =22

Mean and Std Dev. on

3 panels of each material

consumed thickness (um)
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« Magnelis®(ZM) appears to be the best coating in all environments - mass loss ~2-3 times less than Gl

e With chlorides - marine site Brest, France (BR) or without chlorides - rural Maiziéres, France (MZ) or

urban East Chicago, IN (EC) sites
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Corrosion Performance

Mobile Exposure on a Truck (in Europe):

Flat test panels

2 years

ZM 10um
(ZM120)

1 year

Gl 10um
(2140,
G45)

© 2017 — ArcelorMittal — All rights reserved for all countries
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28/11/2016
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Truck driven more
than 150,000 km/year,
(93,000 mi/yr) in
various environments
(road salts,...)

On flat bare panels, no red rust
on ZM after 3 years vs. Gl red
rust at the same coating
thickness.

ZM much better than Gl

14
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Amount of RR on
cut edges (%)

Corrosion Performance

s
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Gl (Z) & ZM Cut Edge /Hole Corrosion after 5 years exposure - seashore:

SRy Redrust | Self healing | Loss of protection
“—>| —» <

100

v

——27275/ 1mm —e—ZM250 / 1mm

/GI

10 20 30 40 50

Time (months)

Pictures after 5 years

® Magnelis

60
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Sample evaluation at Brest
(France) - Seashore

Gl (2): Self healing observed
after 1 year, but protection
only lasted 1 year

ZM: Self healing observed
after 1 year, and continues to
last at least 5 years

ZM self healing duration
increased by a factor of 4
compared to Gl
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Manufacturing

Friction coefficient (p)

Low friction coefficient and low powdering behavior
results in excellent drawing, rolling forming, bending

A

ArcelorMittal

Formability: Excellent workability

Ltk -<ip fram Ta MFa

Galvanized
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Contact pressure (MPa)

Cil fuchs 41075 in excess
Comparison between Galvanised and Magnelis® steels

& punching with less tool buildup

dra wing

.foldfng

Roll Forming

16



© 2017 — ArcelorMittal — All rights reserved for all countries
Cannot be used or reproduced without prior written specific authorization of ArcelorMittal

Welding

Corrosion resistance in Salt Spray test:

s

ArcelorMittal

1 day 8 days 17 days 29 days
[ 24h ssT = 1day 192h SST = 8 days 408h SST = 17 days | 696h SST = 29days Samples description
31/05/2011 7/06/2011 16/06/2011 28/06/2011
3 f | B ZM with 85% Zn -15% Al
" e weld post coating
(=] = .
S o « ZM with Al - Al weld post
3 | BT el .
& o ; coating
: e il S e : BN AR gl 40 ZM without weld post
7 ¢ coating
G 5 ; '.,:-@5 . ! ». “‘ [:m . )
- - sy - =l 1l ™ Gl without weld post
? ® coating
s | —— 3 :
e 1 - T, « Gl with Al - Al weld post

Samples were salt spray tested until they exhibited 5% Red Rust

coating

« Magnelis® ZM120 (10u) HFI welded tubes are far more corrosion resistant than Gl Z275

[G90] (20u) HFI welded tubes due to Self Healing effect

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t, 2017
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Environmentally Friendly ArcelorMittal

Zinc runoff in solls

The application of Magnelis® ensures the preservation
of natural resources since it uses less zinc than pure
zinc coatings. Magnelis® reduces considerably the zinc
runoff in soils

Zinc runoff rate*
Magnelis® considerably reduces zinc runoff into soil.
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Mugnelis’j; e

*therate (_J_f Eﬁssofdlﬂoh of G.muteriqi'
from.its surface into the soil
Source: French Corrosion Institute
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Durability

Sand abrasion

s

ArcelorMittal

« Coating hardness has a direct impact on the abrasive wear resistance of the

coating

Material Hardness Index (HV)
Continuous Galvanize 64
Batch Galvanize 70
Galvalume® (Aluzinc) 129
Magnelis® 141

© 2017 — ArcelorMittal — All rights reserved for all countries
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« Magnelis® hardness is much higher (harder) than standard zinc coatings (Gl & AZ)

» To date, desert field exposure in Dubali, in collaboration with the French Corrosion

Institute, has shown ZM to have 3 times less abrasion/corrosion loss vs. batch

galvanize

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t, 2017
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Performance Comparison ArcelorMittal
HDG (GI) vs. Magnelis® (ZM)
Product Features HDG Gl ZM
f Anti-Corrosion Properties
% In a chloride environment (marine site, roadside) Reference +++
;g In an ammonia environment (barn, farm, greenhouse) Reference ++
%é In an SO, environment (acid/industrial) Reference +
EE Temporary protection (transport, storage) Reference +++
%g‘ Edge protection (heavy gauge, perforated sheet) Reference +++
%,% Corrosion of a deformed part (bent or stamped) Reference ++
fé Forming Properties
%% Bending & roll forming Reference +
% Drawing Reference +
éé Assembling Properties
é Spot welding (equivalent thickness) Reference =
§ Aspect
Visual Appearance Reference =
= Equivalent  + Superior = Inferior

ZM performance better or equivalent to HDG (GI)

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t, 2017
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Certifications

Corrosion Performance:

CSTB

(France)

A
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Magnelis® is the first metallic coating C5 certified
(certified for 20 years in the most aggressive environments)
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ArcelorMittal

CATEGORY WINNER

Infrastructure

In March 2014, ArcelorMittal
received the “Intertraffic
Innovation Award 2014” in the

Tha piry has pvssrdad thes nnowvrtion Seend fo

ArcelorMittal Flat Carbon

Europe S.A. Infrastructure Category

For the product

Magnelis® and High Strength for the development and use of
Low Alloy Steal

“Magnelis® Zinc-Magnesium-
Aluminum coating with High
Strength Low Alloy Steel”

Ao 36 hMaroh 2004

e

Or. P, var cler Knoap
Chaieran off tha juiry
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Specifications — ZM Coatings
EU EN10346 & US ASTM A1046, Type 2

EN 10346

ArcelorMittal

July 2013

&HIF Designation: A1046/A1046M _ 17
IR el

EUROPEAN STANDARD)

NORME EUROPEENNE Supersedes EM 10346: 2008
EUROPAISCHE NORM July 2015

ICS 77.140.50 Supersedes EN 10346:2009

English Version

Continuously hot-dip coated steel flat products for cold forming -
Technical delivery conditions

Produits plats n acier revétus en continu par mmersion 3 inuiei aus
chaud pour formage 3 froid - Conditions techniques de ‘Sahl - Technische Lisferbadingungen
livraison

This European Standard was approved by GEN on 18 Aprd 2015,

CEN mermbers are bound to comply with the CENCENELEC Intemal Reguiations which the conditions for giing this European
Standard e stahsof a national standard wihoulany alteraion. Up-o-date st ndb mdbbhugrq)hmd references canoeming such ntonl
Staniards may be abanes on applicaton fa fie CENGENELEG Managermert

This European Standard exists in three official versions (English, French, German). A version in any other language made by transiation
under the responsibility of 3 CEN mamber into s own language and notified to the CEN-CENELEC Managament Cantre has the same
status as the offcial versions.

CEN memiers are the natonal standards bodies of Ausria, Beigum, Bulgania. Croatia, Cyprus. Gaech ic. Denmark, Bmma
Finkand, Former Yugosiav Republic of Macedonia, France, Gemany, Greece. Hungary, lcsland, |mhnd n:, Lzma.th

Lo, Mok, Neteranes, Narway, Poiand, Foriugal, Rermania, Siovaka, Sioviria, Spain, Sweden. Sizesand, Turkey and United
Kingdom.
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g — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NOEMALISATION
EUROPAISCHES EOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

©2015CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 103462015 E
‘workawid for CEN national Members.

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t, 2017

Standard Specification for

Steel Sheet, Zinc-Aluminum-Magnesium Alloy-Coated by the

Hot-Dip Process’

T asandierd b bmacd acer i Facd desigmaiion ANAGAIIEM; B mumber insscdisicly folkoving e Saigmsion ndcia

yemr ai crigieal advption o, a1 oo of movhion, [ po

unumamumwuuuu
el

reapprel. A mymncep cpatln (<) ladicies an mitcrl cuags Se (e L e o

1. Scope®

11 This specificaion covers rinc ahwmizem. magsesium
alkoy-ooated steed sheel in oodls and ot lengths.

1.1 This prudu:t is intended for applications requiring
coaTosion resistance and paintabilicy.

1.3 The sieed sheet is produced in 2 number af designations,
iypes, prades and clisses designed in be compatible with
diffzring application regeirements.

1.4 Product fumished wader this specification shall coafomm
iz the applicable requiremenss of the lstest issue of Specifica-
tioa. AS2VAIIM, unless otherwize provided herein

1.5 The texi of this sundard references notes and fooénotes
which provide explinaiory material These notes and foctsces,
anchuding thesme in tables and figures, sall nol be cossidered 2s
requinemeses of e standard.

L6 This specificalion is applicable to onlers i either
inch-pound units (a5 AIOIE) or 51 unils {as ATEEM]. Yalees
in inch-pound snd 51 units sne nol necessarly equivalent.
Witkizm the text, 51 units are shows in beackets. Fach system
shall be used independently af the ather

L7 Uskess the onder specifies e M desigsation (51
units), the peodect shalll he fumished 1o inch-pound waies.

1.8 This srimdard does aol parport io adivess all of the
suety concerns i amg avsocisied with iy ase. [t & dhe
I'(JFMSIHM} af the aver of shis sandand jo eniabiisk appro-
prige sajery mad health practicer and desermine the qpplica-
ity of regulmiory limiistions prior io e
2. Referenced Documents

L1 ASTM Sinadards.?

Thix apecificaion b endr e jrisdclion of ASTM Commiice ALS on
WesllicCosind lom mad Sied Prodocs md &l diec ropoeshiley of
Subommitics A31.11 o S Speciicsoa.

Comeal aice spprovd Pes. 1, 2017 Pubkahed Fcbroasy 2077, Origimdy

L mdbon appreend ln 06 m A TDSIAIHEH - 16
T DLISMA I A 1OCMETT,

AT sasdarts, vt (e ASTM weste, wers. or
comtact ASTM Cimoeer Serice o acricimtn.on. Por A fook of ASTH
Masdords woitume |simation, refer i i st s Doceman Sy page oo
e AT wolmiie

ABVASOM Test Method Tor Weight [Mass| of Coaling oa
lron and Sieel Adicles with Finc or Finc-Alley Coalings

ASERIASGEM Specification for Steel, Sheet, Carbon,
Structeral, and High-Strengeh, Low-Alloy, Hos-Rolled ind
Cald-Rolled, General Regeirements For

A:‘J'-"Ii:mﬂnﬂlnﬂy Kelsting o Metallic Coated Sizel Prod-

.ﬂ:"-‘iu'\'?"JM SpecificaSion for General Requirements for
Sheet, Metallic-Coated by the Hol-Dip Process

517 Tem Metbod for Platic Strain Ratio r for Sheet Metal
Efd Test Method for Tensile Strmin-Harlening Exponents
{w -Values} of Metallic Sheei Magerials

3. Terminalogy
31 Defmitions:

Sex Terminology AS02 for defimitions of general terminnlogy

relating i metallic-coated bol-dip producs.

4. Classification

4.1 The maiesial & swailsble i seveml designabions as
Follaws:

4.1.1 Commercial Steel S Types A, B, and T,

4.1.7 Dezp Drawing Steeb—DDS,

4.1.3 Fasra Deep Drawing Sweel FINDS,

414 Forming Seeel 1% Types A and 1,

415 High Stresgits Low Alloy Sieel—HSLAS,

416 High Stresgth Low Alloy Seeel with Improved
Formability —HELAS-F

4.1.7 Siruciural Sweel S5,

4.7 Struciural steel and high strengih low alloy sieel an
availsble in seversl prdes hased on mechanical properies.
Stucuerl Seeel Grade 50 [340] is avadlable in four clases
based on tensile strengéh

4.3 The peduct s svailable in several coating weights
Immcll with the coating designation in scoandance with Teble

5. Ordering Informagon

%1 Finc-shominsm-mageesium slloy.coated sieel shest in
coils and ot lengths is produced o thicksess eouizments
exprzssed o 0.00] in. |01 mm]. The thickness of the sheet
inchudes the base metal and the moating.

* A Summary of (hanaes wctiss appears at the cesd of this steadand
Cooyptt @ ASTH mewmatcoal 00 ar Harter Deve PO ca GG, Ve Coraorcies. PA {GGS-206S Lntec! Shaiea.

Copyright bry ASTM 11l righen remsrvad; Wi Faby 22 12:34047 EST 2047 |
Friciad bry

P Ha
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Guardralil Pilot Site — Izola, Slovenia ArcelorMittal
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* Note: Pictures of Magnelis® (ZM) guardrail in lzola, Slovenia near the Adriatic Sea
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Guardrail Evaluation Site — Spain

[illij
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* Note: Pictures of Magnelis® (ZM) guardrail

» New Zinc-Aluminum-Magnesium Metallic Coating for Guardrails | June 12t, 2017
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Guardrall Installation ArcelorMittal

Approved Countries:

v

NN NN

v
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Belgium

Chile

Czech Republic

Norway

Spain

Approval for other countries in progress

New Installations:

Czech Republic - Two newly rebuilt sections of the Czech Republic’s D1
motorway from Jihlava to Velky Beranov and from Velka Bites to Deveét
kriz, will be equipped with safety barriers using Magnelis® coating. A
total of 23 km of one and two-way traffic barriers will be installed
between June and November 2017.
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Light Poles — Gent, Belgium
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* Note: Pictures of Magnelis® (ZM) light poles in Gent, Belgium
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Conclusions ArcelorMittal

Magnelis® (ZM) offers:

v
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Superior corrosion protection (sacrificial & barrier) even in aggressive
environments with less coating mass

Less coating mass required (2 to 3 times less) while achieving
equivalent/better corrosion performance than Gl

Edges protection thanks to the self healing effect

Good weldability (similar to Gl)

Excellent formability and durability

Environmental friendly coating (less zinc runoff)

The first C5 (severe environment) certified metallic coating

An alternative solution to batch galvanized products and other metals
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Questions?

Much more than steel ...
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