SiIC Products
LIRR

'  Sinosteel Luoyang Institute of Refractories Research Co., Ltd
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© Established in 1963;

® The sole comprehensive research
Institute for refractories in china

® 1999, Joined Sinosteel Corportation,
® Refractories Capacity: 80,000 ton/year

LIRR headquarter
Now
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~ State Key Laboratory of Advanced Refractories
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» The most sophisticated lab for
refracory research in China;

*Equipped with over 500 sets of
research and test devices

» More than 50 national Scientific
research projects since 2001;

» More than 200 patents;
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Various awards from central government.
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Various awards from local government.




SINOSTEEL

]

EXBFEAAT R

AV EERFHALEF LRKAS.
LR & AR

W HER: St R omiudsl

i B

The 2"d prize of
“National Sci and Tech Development” 2004
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LIRR won the 2"d Prize of
“National Sci & Tech. Invention” 2016,
Following the 2"d Prize 2014
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Refractories R&D
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High purity
| oxides

Testing
machines

Fibres & the _ Fine
products ceramics

“I . Kiln furniture

SINOSTEEL

Monolithics

Dental apparatus

Cutting &
grinding tools
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Follow international management system, prioritize environmental

protection and safety of employees, and ensure qualified products.

ENVIRONMENT MANAGEMENT SYSTEM CERTIFICATE
Audit and Confirm by Beijing Grand Honour Management System Certification Co., Ltd.
Sinosteel Luoyang Institute of Refractories Research Co., Ltd.
()rgamlallon code: 87109493-8

system in ity with

GB/T 24001-2004—1SO14001:2004 standard.
The scope covered by this management system:
Products and activities:
Design, production, selling, engineering service, supporting service and associated

Has and i an

management activities for shaped and monolithic refractories, related testing apparalus
and packing materials, heating element, dental lab and di d

tools.

Physical locations:

No.43 Xiyuan Road, Jianxi District, Luoyang City, Henan Province; Production Arca
A & Area B, Luoxin Industrial Zone, Xin’an County, Luoyang City, Henan Province;
No.14 Binhenan Road, Taisha Industrial Zone, Pingluo County, Shizuishan City,
Ningxia Hui Autonomous Region.

Certificate registration:02214E2069R3M  Issuing date:Dec.25,2014  Effective date:FromDec.25.2014toDec.24,2017

The certified organization should accept the annual surveillance audit before the following date. This certificate
shall be used in conjunction with annually surveillance audit stamp issued by GHC.
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before Oct 152016 §

NITION ARRANG

MANAGEMENT SYSTEM GHC Add: Fuhai Ceater, Buikling No. 3, Room 307,
CNAS C022-E sba Road. Haidizn District, Beijiag, China
11 The validity of this certificate can be verified from the following website www.cnea.gov.cn & www.emiqe.com

OCCUPATIONAL HEALTH AND SAFETY
MANAGEMENT SYSTEM CERTIFICATE
Audit and Confirm by Beijing Grand Honour Management System Certification Co., 1id
Sinosteel Luoyang Institute of Refractories Research Co., Ltd.
Organization co 699227734
Has i and i an i health and safety management system in conformity
with

GB/T28001-2011—OHSAS18001:2007 standard.
The scope covered by this management system:
Products and activities:
Design, production, selling, service, supp g service and associated
management activities for shaped and monolithic refractorics, related testing apparatus
and packing materials, heating element, dental lab apparatus and diamond finishing
tools.
Physical locations:
No.43 Xiyuan Road, Jianxi District, Luoyang City, Henan Province; Production Area
A & Area B, Luoxin Industrial Zone, Xin’an County, Luoyang City, Henan Province;
No.14 Binhenan Road, Taisha Industrial Zone, Pingluo County, Shizuishan City,
ingxia Hui Autonomous Region.

Centificate registration:0221 4S2068R3M Issuing date:Dec 25,2014 Effective date-From Dec.25.2014 to Dec.24.2017
The certified organization should accept the annual surveillance audit before the following date. This certificate

shall be used with annually survei audit stamp issued by GHC

 Socond surveilince |

4 before Oct 152016

MANAGEMENT SYSTEM GHC Add: Pubai Cener, Buikding No. 3, Room 307,
co22-§ Datiesha Road, Haidisn Distrct, Bejing. Chisa

The validity of 1 (e can be verified from the following website www.cnca.gov.cn & www.cmiqe.com

Audit and ( ‘onfirm h\ Beijing Grand Hnnour Managcmcm S tem Certification C
Sinosteel Luoyang Institute of Refractories Research Co., Ltd.
| Organization code: 87109493-8

Has established and i d a quality system in conformity with

GB/T 19001-2008—ISO 9001: 2008 standard.
The scope covered by this management system:
Products and activitics:'
Design, development, production and services of advanced oxides based refractories;
nitride bonded silicon carbide series; purging plug series for metallurgical proce
metering nozzle series; refractory fibers and their products; monolithic refractori
submerged nozzle, shroud and stopper for continuous casting; mullite-cordierite based
kiln furnitures; refractories for glass fiber tank; packing materials; heating clement,
diamond finishing tools; testing apparatus series for refractories; dental lab apparatus;
and trading of refractory raw materials.
Physical locations:
No.43 Xiyuan Road, Jianxi District, Luoyang City, Henan Province; Production Area A
& Area B, Luoxin Industrial Zone, Xin’an County, Luoyang City, Henan Province;
No.14 Binhenan Road, sha Industrial Zone, Pingluo County, Shizuishan City,
Ningxia Hui Autonomous Region.

Note: The products covered in this scope shall be conformed 10 the requirement of associated licenced document or qualified
centificate.

Cenificate registration:02214Q2136RSM  Issuing date:Dec.25,2014  Effective date:FromDec.25,2014t01ec. 24,2017

The certified organization should accept the annual surveillance audit before the following date. This certificate
shall be used in conjunction with annually surveillance audit stamp issued by GHC.

- —— j,; MP\

before Oct 152016,
“(Authorized Representative)

MANAGEMENT SYSTEM

CNAS 022 GHC Add: Fubai Center, Building No. 3, Room 307.

‘Datiusha Road, Haidisn District, Beljing. China

The validity of this certificate can be verified from the following website www.cnea.gov.cn & www.cmiqe.com

SINOSTEEL




Supplier audit

vdro Audit

HY0RO Assessment result
Company i Type of 1t

Company: Luoyang Institute of Refractories Research Co. Ltd. Supplier pre-qualification O
Address: 43 Xiyuan Road, Luoyang 471039 [Supplier audit YES
Country: China HSE check at Hydro's site a
Assessment date 2013-10-23 Norwegian contractor a
Assessment no 1
Date last assessment  |2009-04-22 [ @ng [ A

22nd, April, 2009
Assessment Rate: A

Manitatturer Wediie Assessment result
= Contractor Other Possible Achieved Weighted
Quality 20% 15% 52 50 14,4 %
Process & Product Quality 5% 20% 44 42 19,1 %
Service 5% 10% 52 52 10,0 %
HSE 30% 15% 136 118 13,0%
Performance 40 % 40% 100 92 36,9 %
On time delivery 40% 100 34% 85
Quality 40 % 100 40% 100
Flexibility 10% 10% 20 10% 19
Pricing behaviour 10% 10% 16 9% 14
Total HAL score fﬁ,ﬂ%\
.~ 2

24th, Oct, 2013
Assessment Rate: A

CsR Supplier complies with our overall CSR requirement
Assessment result I
( Qualiied ) | > 85% x
ol
—
Improvements necessary 70% - 84%
C Upgrade to 'B' or remove from Hydro Supplier list 50% - 69 %
D Exclude from Hydro Supplier list < 50%

Approved by:

Assessment responsible:

Digitally signed by Sverre Emil Engar
DN: cn=Sverre Emil Enger, o=Hydro
Aluminium AS, ou=Primary Metal,

Sverre
Emil Enger &%, o

Sverre Emil Enger

Eirik Hagen

Jun Liang

(signed)

Document ID: PRO.PM.04 | Revision no. 6/2013-10-01 | © Hydro Aluminium AS.

24102013

Audit LIRR week 43, 2013 - Rating
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DUBAL PURCHASING PROCEDURES SP/TSK.05.F03

| COMMENTS / EVALUATION:
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Amies B gty § Bol G ®\Well documented process

®\Vell maintained plants

® Traceability available

T e R | ®96% customer satisfaction
A, L @ISO Certifications

ey ke A /ey S £ ®impressive R&D and Lab

Designation:
Date: 2{?’/?,/10;;‘ vyt feery Date: zs/z,./wrg‘

File: SPTSKOSFO3.doc Revision: 1 (28-Apr-2013) Page S of 9




LIRR/SIMONSEN

SIMONSEN

One of the largest supplier of SiC products

LIRR’s exclusive business partnership overseas.

Strategic Partner
020 years sincel996;

O The biggest manufacture

Capacity(tons/year)

of SIC products
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Our SiC products have reached more than 46 countries,

serving for more than 130 companies.

SINOSTEEL




LIRR/SIMONSEN

1996 - 2016
20 years friendship

Great Moment to Be Remembered!




SINOSTEEL

Heading for Another 20 Years Success!




/ﬁof SiC Materials
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SINOSTEEL

The pioneer of refractories, LIRR has been leading the R&D of SiC
materials over the years in China.

001984~1987, Si;N,-bonded SiC(SICATEC75);
001989~1992, Sialon-bonded SiC;
01993~1998, Si,N,O-bonded SiC;
02003~2008, B-SiC-bonded SiC(SICATEC95);
002009~2010, Multi-nitride-bonded SiC;
02011~2013, a-SiC-bonded SiC(SICATEC98);

02012~2016, high oxidation-resistance SiC products (patented).
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SINOSTEEL

® LIRR’s enormous contribution
to the development of SIiC
Refractories in China.

® Project “ Si;N,-SiC Material

for Al Electrolysis Cells” was
awarded the 2"d prize of
“National Science and
Technology Development” in
2004




OSiC products: 35,000 tons/year; (j
OThe biggest manufacturer of SiC-based products in the world;

O030~50% domestic market share.

SINOSTEEL




Firing furnaces
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Automatic
Batching/Mixing

SINOSTEEL
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mﬁons of LIRR Si products sﬁmm
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Annual Output(Ton

(LIRR)
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mTotal OQutput

Output of SiC Products in 10 Years

B Export

T

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

SINOSTEEL




SINOSTEEL
T I—




SINOSTEEL

Waste-to-Energy

Providing local energy from our residual waste

O Helping to reduce dependence on fossil fuels imports

O Saving millions of tonnes of CO,

O Contributing to security of energy supply
O Sustainable, local, low carbon, cost-effective and reliable energy

O While helping to divert waste from landfills

We are making our contributions for greener economy.
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How we involved in this business?

02007, started from domestic market;
v most are monolithic materials
v" Low requirements

002012, first overseas business from COVANTA;
v Special requirement —Oxidation resistance(ASTM C863)
v' Research Project established

OLab tests by authorities (Orten in US, DIFK in Germany)
OProducts gradually recognized.

45000

40000 |

35000

20000 r

15000

10000

5000
0 —

2013 2014 2015 2016

DN W
o O
o O
o O
o O

Order(Pieces)

SINOSTEEL
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OThe oxidation resistance of SiC refractories in steam atmosphere;
v" very few people in China have done research in this field;
v itis a job deserved to do;
v wide applications.

—

OBuild our own lab device;
v" ASTM C863 Standard:;

ODevelop our own technology;
v Patent pending
OMarket investigation(WtE unit);
v almost 100% in USA(90 plants)
v' 91% in Europe (483 plants)
v' 84% in Japan

OCommunication / technical exchange;




Wwhy SIC tiles?

% O High thermal conductivity;

J

SINOSTEEL

O High oxidation resistance(our own technology);
[” 0 High mechanical properties and abrasion resistance;
b2 : . _
g O High thermal shock resistance;
P il 0 Easier assembly and maintenance.
U~

vm\‘,rLonger service life




SINOSTEEL

ASTM C863

Standard Test Method for Evaluating Oxidation Resistance
of Silicon Carbide Refractories at Elevated Temperatures

0 Key parameter for Tiles in W-T-E Incinerators;
O Well-established test system in Europe and US;
[ Test system to be optimized in China;

O Test parameters:

v Temperature: 900°C or 1000 °C
v" Duration: 500 hours

v Steam: 32Kg/(h.m3)

v Evaluation: Volume Expansion

Test Device




SINOSTEEL

O Research from 2012;

O Specially designed for application in highly
oxidative environment, especially steam environment;

O High oxidation resistance(LS-75S/85S);
0 Patent protected.




SINOSTEEL

Different
Tiles
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Self-flow
____ backfilling mix

Ceramic fiber mat

SiC tile
—— LS8-758/868
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SINOSTEEL

Glazed Surface
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10pm EMT=20.00kV  Signal A= SE1 Date 6Nov2014  Photo No. = 5325 20 pm EMT =2000kV  Signal A= SE1 Date 6Nov2014  Photo No. = 5333 ﬁ

WD = 10.0 mm Mag= 800X LIRR-EVO18 WD =12.0 mm Mag= 500X LIRR-EVO18

O Closed pores stop the infiltration of oxygen and reduce the speed of oxidation;

O Special ingredients slow the crystallization of oxidation product - the cause of
volume expansion.
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SINOSTEEL

Volume expansion, % =3.0 =1.0 =1.0 =6 ASTM C863
Bulk density, g/cm? =2.65 =2.65 =2.65 =2.65 ISO5017
Porosity, % =16.5 =15 =15 =16 ISO5017
EES: MPa =150 =150 =150 =140 1ISO10059
Modulus of Rupture(RT), MPa =40 =40 =40 =35 ISO 5014
Abrasion resistance, cm3 =5 =5 =5 =8 ASTM C704
JV';(?]:”;‘;’" conAUCtivity(1000°6) =15 =15 17 212 Laser flash
SiC, wt% =72 =70 =78 =85 ISO 21068
SizN,+Si,N,0, Wt% =18 =15 =8 - ISO 21068




Materials Testing
ton -
’ _ Research Center

6991 Old 3C Highway
Wastarvillo, OH 43082, USA

Phone: B00-999-5442 x1323
Fax: 614-895-5610

ASTM C863 Oxidation Resistance of Silicon Carbide Refractories
Using ASTM C20 to Determine Volume Change

Material: Refractory Customer. Sinosteel Luoyang Instiute
Preparaion: Diamond Cut Customer PO: E. Zhang
Date: February 18, 2018
Sample ID
I I ]

Owen Dried: 110C

Dried Length (in) 6202 0045 140

Dried Weight (g) 14833 20004 18053

Suspended Weight (g) 10038 14048 12273
Saturated Weight (g) 15378 21737 18744

Volume (cr?) 537 7689 @471
Porosity (%) 102 108 107
Bulk Densty (pcf) 1735 1807 1742
Steam Exposure: 1000C (500 Hours)

Dried Length (in) 6202 0072 8181
Dried Weight (g) 14974 21383 18808

Suspended Weight (g) 0006 14020 12285
Saturated Weight (g) 15246 21757 18805

SINOSTEEL

Volume (cm) 540 737 6540

Porosity (%) 51 48 30

Bulk Density (pecf) 1751 1725 1778

Length Change (%) 00 03 04

Weight Change (%) -

Volume Change (%) 0.1 08 11 P
e

Sample

Volume expansion, %

0.1

bl




T P

i;ab Testpirk

Volume Expansion, %

1.00

0.82

1.05

Bulk denslly | Bulk density Waight Waight Woight Volume Volume Volume Lincar visual Inspection
SIpansion & pansion expansion
Sample

(start) (500hrs.) (start) S00hrs.) (start-500hrs.| (start) (S00hrs.) (start-500hrs.)

Pgamy | gie i9] 1l ~ o) I 2N »
LUPUSICBS N- 1 2737 27563 21606 21847 1,50 78,58 79,36 1,00 0,33 e crglent
LUPUSICBS N-2| 2735 2753 217,22 220,79 1564 7942 80,20 ( 0,08 \ 033 " crglert
LUPUSICBS N-3 2mn7 2742 21985 22148 174 8084 8150 \ 0,82 / 027 = arrdent
LUPUSICBSN- 4 2730 2748 21,18 22495 171 a1,m 81,86 1,06 035 % crglent

HQWD Y woiey
Fupenn, iy
Fupsu ssyorineg

5102 ‘482 |udy
uodal;se_u

20-00-9%L-L0}

SINOSTEEL
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Our products are designed to meet
the every single requirement of on-
site installatin and application.

© Quick and precise installation
precise mould designing

formula control

© Best Protection

Against thermal stress

(%]

Against oxidation (volume expansion))

[\ )
S O1 = Ol DO O W O v
5 ) Y |

Against chemical erosion

© Reduced thermal tension

[a—

Volume Expansion,%

Enhance homogeneity

=

© Excellent thermal conductivity b0 0 ARl sigd!
urate Siz

Duration(hours)

© Best Price-performance ratio
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Drying

Firing (double) Testing Packing Delivery
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SINOSTEEL

Quality Control Process




Thank You!

SINOSTEEL




