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Annex-17 : Material Safety Data Sheet (MSDS)
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1. Plastic : Sabic 223R, PC-122, ABS PA-757

Sabic PC 223R :

LEXAN™ Resin 223R
Asia Pacific: COMMERCIAL

17.5 MFR, for small, intricate parts. Improved flame retardance. Intemal mold release. UV stabilized.

N Y

sabica

|'I’YPICAL PROPERTIES' TYPICAL VALUE Unit Standard
MECHANICAL
Tensile Stress, yid, Type |, 50 mm/min 62 MPa AsTMD S22
Tensle Stress, brk, Type |, 50 mmmin €5 MRz ASTMDE38
Tensle Straln, yid, Type |, S0 mmmin 4 % ASTMD 38
Tenste Strai, ok, Type |, S0 mmmin 110 % ASTMD g8
Flexural Stress, yW, 1.3 mm/min, S0 mm span 23 V23 ASTMD 730
Flexurd Modulus, 1.3 mm/min, S0 mm span 2340 MPa ASTM O 750
Haraness, Rockwell M 70 - ASTMOD 785
Haraness, Rockwell R 118 z ASTM O 78S
Taber Abrasion, CS-17, 1 kg 10 mg/1000cy ASTMD 1042
IMPACT
Ezod Impact, unnotched, 22°C 3204 Jim ASTMD 4812
200 Impact, notched, 23°C €94 Jm ASTMD 256
Tenske Impact, Type S 846 km? ASTMD 1822
Falling Dart impact (D 3029), 23°C 162 J ASTMD 3029
IZod impact, unnotched 80°10°3 +23°C NS km? 130 18011V
izog Impact, unnotchad £0°10°3 -30°C NS kJim? 150 18011V
1200 Impact, notched 80°10°3 +23°C 5 kJm? 130 18011A
200 Impact, notched 80°10°3 -30°C 1" kJm? 150 1801A
Charpy 23°C, V-nofch Edgew 80°10°3 sp=62mm €5 kJm? 150 173/1eA
Charpy -30°C, V-notch Edgew £0°10°3 sp=62mm 12 kJim? 150 173MeA
Charpy 23°C, Unnotch Edgew 30" 10°3 sp=52mm NB ke 150 173M1eU
Charmpy -30°C, Unnoich Edgew 80°10°3 sp=62mm NS kJlm? 150 171eU
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LEXAN™ Resin 223R
Asia Pacific: COMMERCIAL
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sabia

TYPICAL PROPERTIES® TYPICAL VALUE Unit Standard
THERMAL
Vicat Softening Temp, Rate B/S0 154 C ASTM D 1528
HDT, 0.45 MP3, 6.4 mm, unannealed 137 ] ASTM D 648
HOT, 1.82 MP3, 6.4 mm, unannaaled 132 *C ASTM D e48
CTE, -40°C t0 85°C, flow 6.84E-0S 1c ASTME 831
Specfic Heat 126 Jg-"C ASTM C 354
Themal Conductivity 025 Wim-"C ASTM C 177
Relative Temp Index, Eiec 100 c UL 7458
Relative Temp Index, Mech wimpact 100 "C w7458
Relative Temp Index, Mech wio Impact 100 c UL 7458
PHYSICAL
Specific Gravity 12 - ASTRD TR
Specific Volume 0.83 cmg ASTMD 732
Density 113 giem® ASTMD 782
Water Absorption, 24 hours 0.15 % ASTM D 570
Water Absorption, eguiforum, 23C 0.35 % ASTM D570
W ater Absorption, equilibrium, 100°C 0.58 % ASTM D =70
Mold Shrinkage, flow, 3.2 mm (5) 0.5-0.7 % SABIC Memod
Meit Fiow Rate, 300°C/1.2 kgf 175 g/10 min ASTM D 9238
OPTICAL
Light Transmission, 2.54 mm 88 % ASTM D 1002
Haze, 2.54 mm 1 % ASTM D 1002
Refractive Index 1586 - ASTM D 542
ELECTRICAL
Volume Resistivity >1E+17 Ohm-cm ASTM D 257
Dielectric Strengm, In alr, 3.2 mm 15 KVimm ASTM D 143
Relative Permittivity, S0/60 Hz 317 - ASTM D 0

n)’ypﬂnu-m VarmSorm withis sorml Slersnoes aw sosslse b vecous colone. A valoes are [2) Ordy thymicw' Sais o0 seiecton porpomes. Not 1 be umses for pat or ool desgn
Al ! et 48 hours wiotege at JTORON reletes Swumidty Al Dropertes, sroept e met volure T3] Them retng o mof imtenciec 1 rwfect Pazards Sremeting Sy Tum of mty oher maleesl unces sctus e
-dn-!bumtn-nn—ndmw s ([ e
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Stwiemarts by Seler conceming 8 possiie e of ary muterel, roduct, mevice -'“l , wrd -m-qh-u-“_-n-m-—t@ Seler
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G 4Smodt Basic Industries Corpomation (SABIC).
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LEXAN™ Resin 223R
Asia Pacific: COMMERCIAL

&l

sabic

TYPICAL PROPERTIES' TYPICAL VALUE Unit Standard
ELECTRICAL
Relatve Pemitivity, 1 MHZ 296 < ASTM D 150
Dissipation Factor, S0/60 Hz 0.000% - ASTMD 150
Dissipation Factor, 1 MHZ 0.01 = ASTMD 150
Hot Wire Ignition {PLC) 4 PLC Code v TasA
High Voitage Arc Track Rate {PLC) 2 PLC Code v TaEA
High Ampere Arc Ign, surface {PLC} 1 PLC Code LTasA
Comparative Tracking Index (UL) {PLC} 2 PLC Code UL TaEA
FLAME CHARACTERISTICS
UL Recognized, 84V-2 Flame Ciass Rating (3) 0.75 mm UL 04
UL Recognized, 84V-0 Fiame Ciass Rating (3) 599 mm s
UV-ight, water exposureimmersion F1 - UL TasC
1Y) Typhcd powzhe fr verio colors Al vl ww (2) Orty typcal Sate or sebection pupoess. Not 42 be Used for part o 0 desgn
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LEXAN™ Resin 223R
Asia Pacific: COMMERCIAL

PROCESSING PARAMETERS TYPICAL VALUE Unit
Injection Molding
Drying Temperature 120 °C
Drying Time 3-4 hrs
Drying Time {Cumulatve) 48 hrs
Maximum Moisture Content 0.02 %
Melt Temperature 280 - 305 °C
Nozzle Temperature 275 - 300 *C
Front - Zone 3 Temperaturs 280-305 °C
Middle - Zone 2 Temperature 270-205 *’C
Rear - Zone 1 Temperature 260 - 280 *C
Mold Temperature 70-95 *C
Back Pressure 03-07 MPa
Screw Speed 40-70 em
Shot to Cylinder Sze 40-80 %
Vent Depth 0.025 - 0.078 mm

7] Typosd vhans Varstions withis norme lolerences wow possitie b vacows colors AL vl e {2) Oriy tycl Sets for selection puposes. Not 13 be Uses for Ser or 100 Sesgn
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LEXAN™ Resin 223R
Asia Pacific: COMMERCIAL

CALCULATED FLOW LENGTH INDICATION
Moldflow® Radial Flow Analysis
LEXAN* 223R
Melt Temperature : 290°C
Mold Temperature : 90°C

550 1
500 |
450 -
400
350
300 -
250 1
200
150
100 1
50 -

B1mm
W2mm
W3mm

Flow Length(mm)

25 50 75 100 125
Gate Pressure (MPa)

Note: Technical support is recommended if Gate
Pressure is greater than 80 MPa. Contact your local
representative.

® Moldflow is a registered trademark of the Moldflow

Corporation.
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Chi Mei PC-122 :

A TUVRheinland”

Procuste
Procucs
Priifbericht - Nr.:  0114058887m 001 Sufe d o g
Test Repart No.. Page 100
Auftraggeber: Ch Mel Corporaton
Qlent 59-1, San Chia, Jen Te, Tainan City 71702, Tawan, RO.C.
aar POLYCARBONATE
S o Poneg
Bezsichnung: WONDERUTE® PC-122
Anlieferungszustand: apparent Elngangsdatum: 2016-1208
Dedvery congmon: i Date of Recaipt
Prifort TOV Rheintand (Shanghal) Co., Lid.
Testng location:
Prufgrundiage: Accordng to ROHS (recast): Restricion of he Use of Certain Hazarmous
Tast specncation Substances In Electnca and Blectronic Equipment, 201 VES'EU last amended by
(EV) 2015/863: Toqumemn cmnmvl
mm MM(W).MW
mmmmmw)
Haogen (Fuorne. Chionne, Sroming. jodine
m: The teat resuts are e maasuremants, statad In M a6t report.
QSPION: lested Dy: kontrofliert: checked Dy
'\\ [ / / ;\
’ 7’
{ — ( {89
20170103  Anne Chen 20170103 CariChang
JCoorginator
Tatum  Nanetielusg  Unieocwl
Oute P Sty Say e Oute Powroa S L o1 Seputise
Sonstigeal Other Aspects:
Test parod 2016-12-08 - 2017-0103
e A/ P = eataprcht rofprundage Adbewiatons oA P = Sessed
MUIF = anmpricht okt Prifgrendiege NP = tabed
AN o siohisswentber As/N - scteppieette )
Diecer Prueciont bezient cioh nur auf dac 0.9. Prutmucter und darf ohne Genehmigung Ger Prifcielie nioht
AucTugewelte vervieMIRIGt wercen. Diecer Beriont Derschtigt niolt Tur Verwenoung einec
This fest report relates 10 the 3. m. fest sampie. WIROUT permiSSion o the fest Center hS fes? reponT I nof, o2
upicated i exracts. TS 2222 eport Joes Not entlie 1 Carmy any safety mark on NS or Similyr \\\.'x
TOV Fvetriard T swn L2 l.é'—Tr

L) rem
AF_ No 758, Sec 4, Bede R Sorgeen Det. Teoel 106 Tewen ROC
Tol 8808 2 21707000 Fax +888 2 25080018
Met servos-goQnn com - Wl we Dwe Aoy com
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ABS PA-757 :
TUVRheinland™”
Precisely Right.
B9 55 F1Hem
Mikmmes: . 0154207908a2 001 L
. HEWREHFERLSF
gP z;_*‘ Chi Mei Corporation
s GREMTCRE=F 50153
58-1, San Chia, Jen Te, Tainan City 71702, Tawan, R.O.C.
KR &K ASUSTek
Buyer’'s name:
EERLH: -
Manufacturer’'s name:
PR & ACRYLONITRILE-BUTADIENE-STYRENE COPOLYMER
Test item(s):
nE: POLYLAC®PA-757
Identificatiory
Model No(s):
Wi B 38: 2017-12-04
Sample Receiving date:
P 2017-12-04 - 2017-12-12
Testing Period:
PR E R/ Test specification: MRLE R Test result:
P R M T AT OB B
Overall results according to tests performed
B 24 1/ EEE2-40/
Please refer to page 2-4 Please refer to page 2-4
M 4{% B/ Other Information:
EPRUMAEREE:
Other information provided by client: NA
[E=bE:
Country of Origin: N'A
HavsbE:
Country of Dastination: N/A
For and on behalf of
TUV Rheinland (Shanghai) Co., Ltd.
\ :
2018-01-02 icky Cherv Project Manager 2018-01-02 Tina Jin/ SenidgManager
Date Name/Position Dae Nama/Position

P B AT B %248, Test result Is drawn accoraing to the KInd and extent #f-8
This test rport relates to the a. m. tast sample. W ithout parmission of the test canter this test mpoft4s
duplicated In extracts. This test report does not entitle to camry any safety mark on this or similar prd Cd

TOV Rheinland (Shanghai) Co., Ltd. - No.153/165/177/1768/17% 182/180/182 188, Buiding 1, No.10, Lane
Guangzhong West Road, Jing'an District, Shanghai, China
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A TUVRheinland®

Precisely Right.

Ml ESH: B2NHENR
Test Report No.: 0154237308a2 001 Page 20f 8

#H &/ Material list:

MES5/ No. 4 ¥/Material i f2/Color {ir 8/ Location

1 Plastic Off white TCL171201-35

3/ Abbreviation: nd. = &k (<HER{E) Not Detected (< Reporting Limit)
ppm = | Ji45rZ— parts per million
mg/kg =% 57/ 5 milligram per kilogram
MDL =#5 il {& Method Detection Limit

1 RoHS(2011/65/EU)

MR F ik Test method: &4, . &, #2% EC 62321-4:2013 ! IEC 62321-5:2013
Total Cadmium, Lead, Mercury, Chromium
- Ref. to IEC 62321-4:2013 and IEC 62321-5:2013

A -8 RTE B TH RIS R - 2% IEC 62321-7-2:2017 (EE$F 1AM
2% I1SO 17075:2007)

Chromium (VI) - For Plastic or Electronic material — Ref. to IEC 62321-7-2:2017
(for Leather Material, Chromium (VI) - Ref. to ISC 17075:2007)

FREEHLRE XM S 4 |EC 62321-6:2015
PBBs, PBDEs — Ref. to IEC 62321-6:2015

49% — FF 7Rz BBP, DBP, DEHP, DIBP 2% |IEC 62321-8:2017
BBP, DBP, DEHP, DIBP- Ref. to IEC 62321-8:2017

PRLE R/ Test result:

#it2 4 Tost Parameter #4/Unit| MDL gefukl't"(?)

Cadiu?ﬁ (Cd) ma'kg 2 n.d.

Leaga( Pb) mg'kg 2 n.d.

Merc:]; (Ha) mg'kg 2 n.d.

Hexavabnxfégrrg:niwn (CrVI) mgkg [ 2 nd.

Polybrominatii Eﬁ‘mfms (PBBs) ™ mg'kg 5 n.d.

Polybrominated f;ﬁfnf ?thers {(PBDEs) ™ mg'kg 5 n.d.

Benz?ltfu;l rhnt};ah-rj?fggp) mgkg | 50 n.d.

Ditﬁ: ihﬁlﬁaiﬁ'ép) mgkg | 50 nd

Bis(%fﬂ?ﬁi?ﬁﬁﬁi%%&cp) mgkg | 50 nd.

Diisiﬁbﬁt; fhﬁga:-{glaBP) mgkg | 50 nd.

TOV Rheinland {Shanghai) Co., Ltd. - No.153/165/177/178/17%182/188/192(198, Building 1, No.10, Lane
Guangzhong West Road, Jing'an District, Shanghai, China
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A TUVRheinland®

Precisely Right.

LR 5 E58: FIMMKEA
Test Report No.: 0154297908a2 001 Page 30i8
#&3¥¥/Remark:

(*1) BALRBFEFE NEERENH 5 H{E 0T /The reporting limit for each individual PBBs and
individual PBDEs are:

MDL_ppm (mg/kg)
— M EF Bromobiphenyl
— MEL % Dibromobiphenyi
= MELF Tribromobiphenyl
UM EX % Tetrabromobiphenyl
fpasg: 1 M EL ¥ Pontabromobiphenyl
75 Ek % Hoxabromobipheny!
47 EX ¥ Heptabromobiphenly
J\ M &£ ¥ Octabromobiphenyl
LM EEF Nonabromobiphenyl
+ 8Bk % Decabromobiphenyl
— M EE Kt Bromodiphenylether
— MEL £ Dibromodiphenyl ether
= MEXF M Tribromodiphenyl ether
U % B % B# Tetrabromodiphenyl ether
EMBEM |7 95 58 Pentabromodiphenyl ather
(PBDEs) [/5MEL#/ Hexabromodiphenyl ather
4R EL % N# Hoptabromodiphenyl ether
J\ B %R Octabromodipheny! ether
7. EX £ 8 Nonabromodiphenyl ether
+ M EX %8 Decabromodiphenyl ether

lonjfonjonjonfonjonjonfon fonjnjonjenonfonjonjonfon|on

TOV Rheinland {Shanghai) Co., Lid. - No.153/165/177/178/179/182/185/192/198, Building 1, No.10, Lane '7;;
Guangzhong West Road, Jing'an District, Shanghai, China

10
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/A TOVRheinland®
Precisely Right.
Ml 5 58 F4MMEN
Test Report No.: 0154297308a2 001 Page 40f8
2 Hal n content

B3R i/ Test method: 24 EN14582:2007 Hi B (A i ¥ 3 3 & & B/ Detormination of Halogen content
by IC with reference to EN14582:2007

MRE R/ Test result:
ik 2% Test Paramoter Biy/unit|  RL g‘;‘lﬁ(ﬁ
Chioride #(CI) mg/kg 50 n.d.
Bromide ®(Br) mg/kg 50 nd.
Fluoride #i(F) mg/kg 50 n.d.
lodide (1) ma/kg 50 n.d.

Guangzhong West Road, ngan Drstnct Shanghai, China

11
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Precisely Right.
Mk 5 5 BSMHEN
Test Report No.: 0154297908a2 001 Page 50f8
M4 Annex:

1. /8 R SREE & SRBEXRNE_FREMNRREE Testing Flow Chart for Cd/ Pb/ Hg /
PBBs & PEDEs/'BBP&DBP&DEHP&DIBP
B AN FIH /KBS The person who made festing: Xiulan Cai/Sally Zhu

I ¥# Sample Cutting/ ft4t# Proparation |

| # & Sample Weighing |
i Cd/te PO/ “/ % MEC¥ PEBs/% MB%R PBDES

AR G SR AR W (7 AR Acic | ## M Soxhlet extraction |

digestion with Mircowave / Heating block l
l | W4 /¥ ¥ Concentration/Dilution I

| i3 Filtration | 1
‘ | 113 Filtration I

| icP-OES 5#i Analysis by ICP-OES | 1
) | cowmss#iAnaysisbyaoms |

| &% Result | 1

| £ 5 Rosult |

AR R E Testing Flow Chart for Cr (VI)
A% ¥ 2 The person who made testing: Xiutan Cai

| A% Sample Cutting / /4 Proparation |

!

| #.3 Sample Weighing |

.

AR F AR (E E: 90~95° C)
Alkaline Digestion (Temp.: 890~95°C)

v

| i1 ¥ Filtration |
!

| % pH /& Adjust pH |

v

RE(NS-ZERM_R
Color development (1,5-diphenylcarbazide)

.

| UV-VIS 4+t Analysis by UV-VIS |

| 43 Result |

TOV Rheinland {Shanghai) Co., Lid. - No.153/165/177/178/179/182/189/192/128, Building 1, No.10, Lane
Guangzhong West Road, Jing'an District, Shanghai, China
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A TUVRheinland®

Precisely Right.

MRS S8
Test Report No.: 0154297308a2 001

FOoMMEM
Page 60f8

4% _ TN MK B Testing flow chart for BBP,DBP,DEHP,DIBP
FA A 4. %M The person who made testing: Sally Zhu

AT/ ¥ 44 AL 3 Sample cutting/preparation

B ALF5 X Sample Weighing

A

r

# W3S #ZE W Organic solvent extraction

A

r

#4% /M ¥ Concentration/Dilution

1138 Fi

ltration

GC-MS 4+ #r Analysis by GC-MS

5% Result

TOV Rheinland {Shanghai) Co., Ltd. - No.153/165/177/178/179182/169/192(188, Building 1, No.10, Lane 7§

Guangzhong West Road, Jing'an District, Shanghai, China
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Precisely Right.
RS 5H: BINWHEH
Test Report No.: 0154297908a2 001 Page 70f 8

A %-& EMRKEE Testing Flow chart for halogen content
XA 4: ¥E5 The person who made testing: Xiulan Cai

AU HE/#E 50 Fil4b E2 Sample cutting/ preparation

I M FE AR A B 4 #8 Weighing and putting sample in cell

3
F 345/ W ¥ Oxygen bomb combustion/ absorption

v
¥ [M = {4&# Dilution to fixed volume

F AR T M ¥ EAE & & Analysis by IC

v
5% Result

TOV Rheinland (Shanghzi) Co., Ltd. - No.153/165/177/178/179/182/180/152/188, Building 1, No.10, Lane
Guangzhong West Road, Jing'an District, Shanghai, China
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MR 5 55 HRMILR T
Test Report No.: 0154297908a2 001 Page80i8
B &R/ Sample Photo:

- 5# END —-

TOV Rheinland {Shanghai) Co., Ltd. - No.153/165/177/178/17%/182/188/182(198, Building 1, No.10, Lane A
Guangzhong West Road, Jing'an District, Shanghai, China \
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2. Metal : AKT17-4PH, SUS301, SUS304, Ti Grl

2.1 MIM :
A AR RN
Delivery Date : Augl12010
x Sheet No: 3436
1.Customer : Chun Yu Works & Co. Ltd
2.Grade : AKT17-4PH (10)
3.Lot No. : 298708
4. Quantity : 1200kg
5.chemical Analysis (wt%)
c si Mn | P s Cu Ni Cr Mo
Specification 007 1.00 100 |oos0 Joozo [300 300 1550 (030
MAX MAX| _ MAX MAX MAX 500 500| 1750 MAX
298708 007 081 017]  0013] 0007 353 400 1604 002
Co Nb Fe |0 (PPM)
Specification 0.15 BAL |5000
045 MAX
298708 022 3200
6.Particle Size Distribution 7.Tap Density
_(by Micro-Trac Method)
Percent Less Than| 10% 50% 90% 100% Specification 4.50
Specification 9.00 62,00 (g/cm”) 4.80
(g m) 11,00 MAX| 208708| 457
298708 397| 1024  2485] 6200
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2.2 Metallic Ceramic Coating :

Naﬂ% A% (Page) : 20f T

#®&(No. ) : CE/2017/52138 A ®i(Date) : 2017/05/18
Test Report

WA AR A 8 LRI T
DEXNANO CHEMICALS TECHNOLOGY CO., LTD.

7 3L 7 B bh & A #2238

NO. 22, JUN AN ST., SHULIN DIST., NEW TAIPEI CITY 238, TAIWAN (R. 0. C.)

MU aE R (Test Results)
3R R4 (PART NAME)No. | © M@ (GREEN LIQUID)
AR 8 e AR ik IO s | mat
(Test Items) (lnit) (Method) QUDL) o1 (Limit)
&% / Cadaium (Cd) wi/kg |44 1EC 62321-5 (2013), M M4 LR 2 n.d. 100
BF#a i ki&®. / ¥ith reference
to [EC 62321-5 (2013) and performed by
1CP=AES.
#y / Lead (Pb) ng/kg |#31EC 62321-5 (2013), B BaoE% 2 n.d. 1000
B T8t . / With reference
to IEC 62321-5 (2013} and performed by
1CP=AES.
& / Mercury (Hg) mg/kg |#41EC 62321-4 (2013), i Mm4ER 2 n.d. 1000
K368 xR, / Vith reference
to IEC 62321-4 (2013) and performed by
1CP-AES.
A{R45 / Hexavalent Chromium we/kg |8 1EC 62321-T-2 (2017) » cALV-VISi& 8 n.d. 1000
Cr(VD) (@) ) £ 1EC 62321-5 (2013) » s ICP-AES
. / With reference to 1EC 62321-7-
2 (2017) and performed by UV-VIS. @
With reference to IEC 62321-5 (2013)
and performed by ICP-AES.
BME-VETATE / BBP (Butyl ng/ke 50 md. 1000
Benzyl phthalate) (CAS No.: 35-68-T)
AP —Ta: / DBP (Dibutyl o5/ kg 50 n.d. 1000
phthalate) (CAS No.: 84-74-2) # 4 1EC 62321-8 (2017), A AaRiqik/
MA—_FEE—RTe / DIBP (Di- mg/kg | WM R#@R. / Vith reference to IEC 50 n.d. 1000
isobutyl phthalate) (CAS No.: 84- 62321-8 (2017). Analysis was performed
169-5) by GC/MS.
MR -_FR— (2-zATXK)aE / DEIP| mg/ke 50 n.d. 1000
(Di- (2-cthylhexyl) phthalate)
(CAS No. : 117-81-7)
S e S S e b B S S s e s

rmdng- 1 the tme of itx interventen ooy and withe tee frmits ¢f clent’s instruction, if sey, THe Cermmurry's sole respensib oy is 1o ity c.-'n and tha sewm-'n don

vo @ ansacton frem exercising ol ther rights end ebligetens wader the Transection m..m Ths dozument cannat be repraduted, except » “dl, witraut A
f. uneutuanzed alterston, fargery or “alsiticaon nl e cONen OF apeewrance of this docurrent is uelawtul and offerders may be wme(vﬂw the ulu nvem o the law.

unlns oiharvi:se 2iates ine resulks 30w In tn s test regar: refer onby 20 he sampleis) 10sied.

% mcvm T u:- Hew lu« I»m:lhx Veu Ka Deat \m TowelCry, Tawan IR LA TONR DA THNE MRt

2231 s s

SCS Tawan Ltch &% s M ARG H MR

Mamiber of thw SGS Group
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Electrodeposition of black chromium-cobalt alloy based on trivalent
sulfate electrolyte
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ARTICLE INFO ABSTRACT

Article heory:
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Revised 19 July 2015

This study is aimed 1o improve the COTrosion resistance, adhesion strength, and color of trivalent black
ChIOMIUM COatings on steel Substrates by using chromium sulate bath and chromium chioride bath. The
effects of the electrodeposition current density on the trivalent black chromium coatings were studied. Sur-

::;":: Zmﬂ;ﬂ S face morphology and chemical composition of coatings have been investigated Using scanning electron mi-
croscopy (SEM) and X-ray photoelectron spectroscopy (XPS) technigues. The protective behavior from sub-
Keywords: strates of wivalent black chromium coatings was studsed in (3.5 wr. ¥ Na(l) solution by potentiodynamic
Trwalent chromium polarization wechnique. The berter protective behavior from substrates was shown by coatings thar formed
Black coatings in chromium sulfare bath. The coatings deposited at low current densities (10 A/dm?) showed high cobalt
Electrodeposition content because cobalt is more easily reduced than chromium on a cathode. The enhancement of the driving
force caused chromium and cobalt 1o change into axides and hydroxides when current density increased 1o
more than 30 Ajdm?. The best homogeneity of the black color. the degree of blackening and the protective
behavior from substrates of coatings occurred at current density 50 Ajdm?. The resulrs of XPS indicated thar
the coatings contained nat only chramium axides and hydraxides bur also cobalt axides and hydraxsdes. Of

all the constituent compounds, (os04 was the most dominant in influencing the degree of blackness.
© 2015 Taiwan Institute of Chernical Engineers. Published by Eisevier BV. All rights reserved.
1. Introduction mental pollutant because of its high toxicity. Therefore, numerous

In solar thermal systems, a black chromium coating is commonly
applied because of its excellent properties, such as a high absorption
coefficient and low emittance coefficient in the wavelength range of
solar radiation |1 [. In solar thermal systems, the application of surface
blackening treatment techniques are widely used and can be catego-
rized into two types according to their purpose: for providing func-
tional coatings with corrosion resistance and optical properties [2-4]
and for providing coatings for decoration and camouflaging purposes
I5-71

Traditionally, black chromium coatings are electrodeposited from
hexavalent chromium electrolytes based on chromic acid (CrOy). Al
though hexavalent chromium coating has some excellent chemical
and physical properties, it is a carcinogenic element and an environ-

* Corresponding author. Tel.- + 836 3 38917 16; fax: +886 3 3892454
* Co-Corresponding author. Tel: +BSG 4 8511888, ext. 2200; fax: +886 4 8511280,
E-mol eddresses: [hb60 18@maildyuadutw (H-B lee) mngderger@®gmail.com,
mdger@ndu.adutw (M-D. Ger).

http:] fdx.doi.org/ 101016/ j.jtice. 2015.08.002
1876-1070)¢ 2015 Tawan Institute of Chemical Eng
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rules and regulations exist to restrict its use [8-10]. Recently, triva-
lent chromium has gradually attracted the attention of researchers
because of its lower toxicity and ease of waste liquid disposal. A
literature survey indicated that functional and decorative trivalent
chromium coatings can rival hexavalent chromium coatings [ 11-15].
Past studies have shown that trivalent black chromium coating ob-
tained using the electrodeposition process has optical and mechan-
ical properties appropriate for solar thermal applications | 16]. How-
ever, black chromium coating might lose its optical properties due to
thermal degradation at high temperature | I7]. The addition of Co(ll)
ions in the Cr(1ll) bath to form a chromium-cobalt alloy not only en-
hanced the protective property of the coating from substrates but also
had a favorable effect on the optical properties of black chromium
coating [2].

It has been reported that cracks were frequently observed on the
trivalent chromium deposits [18]. The formation of cracks deterio-
rates the protective properties of the deposit. The morphology of
the deposits produced by electroplating is governed by numerous
experimental factors, such as the deposition current, the metal ion

. Published by Elsevier BV. All rights reserved
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concentration and source as well as the nature of the substrate, The
most common trivalent chromium plating solutions typically con-
tain a Cr(Ill) salt in the form of CrCly or Cry(SO4); [19.20]. However,
only CrCly-based plating solutions were used for electrodeposition of
trivalent black chromium coatings [2-4,21-23]. The reason for this
is not clear at this point, However, it can be observed that trivalent
black chromium coatings obtained using a chromium chloride bath
exhibit a porous structure and low protective behavior | 2]. Improving
the microstructure, protective behavior from substrates, and adhe-
sion strength of trivalent black chromium coatings is crucial if triva-
lent black chromium coatings are to be used in the future.

Therefore, in this study, two trivalent chromium electrolytes con-
taining sulfate or chloride with the addition of Co(NOs); as the
second main component were used for electroplating to get black
chromium coatings which was different to the source of Co®* ions
studied by Choi et al, [20]. The chemical compeosition, homogeneity,
protective behavior from substrates, and adhesion strength of coat-
ings deposited from different electrolytes were compared. In addi-
tion, the effect of current density on the chemical composition of the
coatings and the degree of blackness was also studied.

2. Experimental

The trivalent black chromium coatings were electrodeposited
onto a low-carbon steel electrode (as a substrate). The substrates
were ultrasonically cleaned in acetone for 15 min, and then immersed
in a 5wt % NaOH solution for 1 min, dipped in 5wt. X HCl for 10 s,
and finally rinsed with distilled water before electrodeposition. Elec-
troplating was performed in a trivalent Cr bath composed of 27 M
chromium sulfate (Cry(S04)3) or chromium chloride (CrCl, 6H;0),
with the addition of Co{NO4}); as the source of Co?+ ions, NaNO, as
the blackening agent, and NH4(l as the pH conditioning agent. The
detail of different operated conditions (Specimens No. §1, 83, 55, §7
and C5) used in the electroplating process are listed on Table 1.The
pH of the electrolyte was adjusted to 3 and all the electroplating was
conducted at 25 = 2 °C, using a graphite plate as the anode and the
substrate as the cathode.

The literatures indicated that the current efficiency of trivalent
chromium electrodeposits would increase with an increase of current
density from 10 to 50 Ajdm? [24,25]. According to the above litera-
tures, the trivalent black chromium was electrodeposited at different
current densities from 10 to 70 A/dm? and at a bath temperature of
25 °C for 1 min in this study, The Hull-cell test was carried out to
evaluate the influence of the current density on the deposited area of
coatings. In addition, the trivalent black chromium coatings prepared
using a chromium chloride bath was also operated under the same
operated conditions, The experimental results presented that the op-
timal current density of Cr-Co coatings formed in chromium chlo-
ride bath accurred at 50 A/dm?. Therefore, the Cr-Co coating formed
in chromium chlonde bath at 50 A/dm? was used in this work for
comparison,

The surface morphology and composition of the coatings were
investigated using scanning electron microscopy (SEM, JSM-6510)
and X-ray photoelectron spectroscopy (XPS., ULVAC-PHI, PHI 5000
Versa Probe/Scanning), respectively, SEM was performed at a

o Chemical Engi

59(2016)496-505 4@

voltage of 30 kV. The pressure in the XPS spectrometer was approx-
imately 10-2 torr during the measurement. The spectrometer was
calibrated relative to Au 4f7/2 at 83.8 £+ 0.1 eV, The Gaussian decon-
volution of XPS spectrawas accomplished by a computer. The decon-
voluted peaks were identified from references in an XPS database. A
superdepth surface profile measurement microscope (Keyence, VK-
8550) was employed to precisely measure the surface roughness of
tested specimens. Four random measurements presented by Ra were
averaged to obtain the surface roughness, The potentiodynamic po-
larization measurements were carried out in an open-to-air con-
ventional three-electrode cell. The measurements were performed
in a 3.5 wt. & Na(l solution at rcom temperature, Potentiodynamic
polarization tests were carried out in a three-electrode cell system
in which a platinum sheet and an Ag/AgCl electrode (197 mV ver-
sus SHE) were used as the counter and reference electrode, respec-
tively. The working electrode was a Cr-Co coated low carbon steel. All
experiments were performed using an Autolab PGSTAT20 potentio-
stat/galvanostat controlled by GPES (General Purpose Electrochemi-
cal System) software. The linear polarization curves were measured
in the potential range between -0.3 V and 0.5 V (SHE), with a scan-
ning rate of 0.5 mV/s. Before the tests, all specimens were degreased
and rinsed with deionized water. A fresh corrosion bath was used for
each new specimen. Corrosion current densities (icorr) and corrosion
potentials {Eccer) were evaluated from the intersection of the linear
anodic and cathodic branches of the polarization curves. The protec-
tive behavior from substrates of coatings was also characterized with
a salt spray test (SST) in a 3.5% NaCl. The SST was carried out accord-
ing to the ASTM-B117 standard in a salt spray test chamber (ST-BS-S,
Yi Sang Electric Co. LTD.) at room temperature. The protective behav-
ior from substrates of coatings is rated by examining the percentage
of rusted area of specimen surface after 1, 3, 5,7, 10, and 15 days dur-
ing the test,

The adhesion between the black coating and substrate was evalu-
ated by use of a 3 M adhesive tape test and cross hatch test according
to ASTM D-3359 using a 3 M # 600 tape [26]. For adhesive tape test, a
piece of adhesive tape was adhered to the surface of the sample using
gentle thumb pressure. Then, the tape was peeled at an angle of 90°
to the substrate, The tested specimens were observed by optical mi-
croscope, The cross-hatch test was conducted by cross-hatching the
coating, after which a 3 M # 600 tape3 was firmly applied and then
removed. The cross-hatches were judged by their appearances and
marked with notes from 5 (not flaked off) to 0 (65% flaked off ).

The shading value of coatings was measured by means of a Kon-
ica Minolta CM 2500C colorimeter. The shading value of the coating
obtained from spectrophotometer was used to represent degree of
blackness that the smaller is the shading value, the darker the coat-
ing is. Three different samples, produced under the same conditions,
were prepared for shading value measurement.

3. Results and discussion

The current density effect on the thickness of trivalent black
chromium coatings are also displayed in Table 1. It reveals that the
deposition rate increases with an increase of current density for coat-
ing deposited from chromium sulfate bath. Additionally, the rate of

Table 1

The coating thickness versus the hath compasitions and current d ies of black chroeni ! deposition for | min.
Specimensno.  Hath solutions Current density ~ Thickness (um)  Component concentration {mol/L)

Co{NC:js  NHaO  Na(ND;)

51 Chroenism sulfate (27 M) 10Ajdem? 023 + 005 002 s ol
53 Chroenium sulfate (27 M) 30 Ajém® 064 + 0.04 002 as o1
55 Chromium sulfate (27 M) 50 Ajdm® 078 + 0.05 002 as o1
57 Chromium sulfates (27 M) 70 Ajdm* 136 + 0.06 002 0s o1
& Chroenism chloride (27 M) S0 Ajdm? 198 + 0.05 00 as 01
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Fig. 1. The shading values of trvalent black chromium coatings formed at vanous current densities from different elactroplating baths.

chromium deposition from trivalent chromium sulfate bath is sig-
nificantly lower than that of chromium deposition from chromium
chloride bath. It suggests that the anions in the bath would strongly
influence the reduction of trivalent chromium ions and the existence
of sulfate anions in the bath tends to inhibit deposition of chromium,
On the contrary, the chloride anion scan accelerates the chromium
deposition from Cr{11l) compounds by inner-sphere mechanism.

Fig. | displays the vanation of shading value of the black
chromium coatings deposited from two different chromium baths, a
chromium chloride-based and a chromium sulfate-based bath with
the plating current density. The shading value of the coating obtained
from spectrophotometer was used to represent degrees of blackness,
It is observed that the shading value for both black chromium coat-
ings deposited with either chromium chloride-based or chromium
sulfate-based bath decreases initially with the current density and
reaches a minimum at 50 A/Jdm?® When current density is higher than
50 A/dm?, the shading value increases. It is recognized that smaller
is the shading value, the darker the coating is. Obviously, the black-
est color is obtained for coating prepared at a current density of
50 Ajdm?. It is also shown from Fig. | that under the same current
density, the shading value of the coating deposited with chromium
chloride bath is higher than that of coating deposited with chromium
sulfate bath. This indicates that the black color of the coating de-
posited with chromium chloride bath is not as intense as it is on the
coating deposited with chromium sulfate bath and limits its applica-
tions when a dark black color is required.

Fig. 2 shows the photos of trivalent black chromium coatings de-
posited with chromium sulfate bath under different current den-
sities. Clearly the blackness of the coatings is in the order of
S5 = S7 = S3 == §1 (the definitions of specimens No. are listed in
Table 1). The visual color determination is in good agreement with
the spectrophotometric shade determination that the coating pre-
pared at 50 A/dm? has the darkest appearance. The coating prepared
at 50 A/dm? shows a very uniform pitch black color on the entire sub-
strate. Therefore, the optimal current density formed trivalent black
chromium coatings was 50 Ajdm?,

The SEM images of the coatings deposited from chromium sulfate
bath with various current densities are shown in Fig. 3. The effect
of the current density on the morphology of coating can be clearly
seen when sample S1 (Fig. 3(a)) is compared with samples 53 (Fig.
3(b)). S5 {Fig. 3(c)) and S7 (Fig. 3{d)), respectively. It is observed
that an increase in current density leads to the coating surface be-
comes rougher with more cracks appeaning. It is believed that the

20

(a) (b)
10mm

(c) (d)
10 mm 10 mm

Fig. 2. The macro-morphology of biack trivalent chromium coatings formed at various
current density in 2 chromium sulfate bath: (a) 10 AJdm? (b) 30 Ajdm® (c) 50 AJdm’
(d)TOA/dm?.

Fig. 3. SEM images of trivalent black chromium coatings formed at various curremt
densities in 3 chromium sulfate bath: (3) 10 Ajdm? (b) 30 Aldm? (c) 50 Afdm? (d)
70 Ajam’.
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Table 2

499

Roughness of black chromium costings formed at vanious current densities

Roughness  Specimens no. {current densizy)
SI{I0ANdm?’) S3{W0Adm?) S5(50A/dm’) S (F0AJdm’) C5(50A/dm?)
(Ra)pm) 0.21 =001 0.97 + 0.02 065 £0.04 072: 003 096 + 003

reduction of hydrogen ions during the electrodeposition process re-
sults in hydrogen evolution which causes crack formation |27 ]. Thus,
higher tendency for micro-crack formation is expected by applying a
high current density. The surface roughness data of the coatings de-
posited with different current densities are listed in Table 2, which
clearly confirmed that the surface roughness increased with increas-
ing current density. Since roughness can efficiently scatter the inci-
dence light and reduce the reflection of light | 28-30], it might be con-
sidered as one of the factors to cause the color of the coating become
darker. By carefully comparing the colors of the coating with the sur-
face roughness of the coating deposited at various current densities,
it was observed that the color changes from dark black for coating
electroplated at 50 A/dm? to less dark for coating electroplated at
70 Ajdm? despite the surface roughness of the coating electroplated
at 70 A/dm? is higher than that of coating electroplated at 50 Ajdm?,
It is evident that the color of coating is not only related to its mi-
crostructure, other factors such as surface composition of the coat-
ing will also have influence on final coating's color. Furthermore, it

was found that the coating 57 was peeling off seriously from sub-
strate during the electrodeposition process, indicating that the adhe-
sion strength between the coating and substrate is weak. The peeled
off area is marked with a red circle in Fig. 3(d).

On the contrary, the surface morphology of the black chromium
coating prepared at a current density of 50 A/dm? with a chromium
chloride bath (Fig. 4) showed a loose structure with numerous cracks.
Fig. 5 shows the cross-sectional TEM micrographs of the trivalent
black chromium coatings prepared in chromium chloride bath and
chromium sulfate bath, respectively, The TEM micrographs indicated
that the microstructure of coating prepared with chromium sulfate
bath indeed is much denser than that prepared with chromium chlo-
ride bath in present study. This result is also consistent with the liter-
ature report 2]

Table 3 shows the average atomic compositions, determined by
EPMA analysis, of black coatings deposited at different current den-
sities, It revealed that with an increase in the current density up to
50 A/dm?, the percentage of cobalt in black chromium decreases,

Fig.4. (a) Low and (b) high magnification SEM surface morphology micrographs of trivalent black chromium coatings preparedwith 2 chroenium chionide bath at current density

S0A/dm’.

0.5 pm

FAg. 5. The cross-sectional TEM micrographs of the trivalent black chromium coatings (a) chromsum chloride bath, (b) chromium suliate bath.
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Table 3 Table 5
EPMA o black chromium coatings formed at Experimental results of salt spray test of black chromium coatings at vanious cur-
various current densities. rent densities.
Elem (3t %) Co 0 C Days  Specimens no. (current density)
SI(I0Aj/dm?) G209 3609 182 SI(AJém?) S3(I0Ajdm?) S5(50ANdm?) (5(50 Ndm?)
S3(30Ajdm*) 5860 238039 331 =
S5(S0Aldm?) 4865 4406 7.29 1 o o o o
ST7ONdm’) 5784 361 585 - 3 8 8 0
C5(50AJdm?) 4288 3913 U89 7 = o a -
10 - A e} =
15 = s (o} =

whereas the percentages of oxygen and chromium increase. The re-
sult that the percentage of cobalt in the electroplated Co-Cr alloy in-
creases with a decrease in the current density is in good agreement
with the literature report [31]. A further increase of the current den-
sity to 70 Ajdm?, oxygen as well as chromium contents decreased,
The peeling of the outer layer of the coating at 70 A/dm? may be the
reason for a decrease in the chromium content and an increase in the
cobalt content in the coating 57.

The potentiodynamic polarization curves of trivalent black
chromium coatings deposited at various current densities are shown
in Fig. 6. The approximate value of corrosion current density (icor)
and corrosion potential ( Ecorr ) are calculated from the intercept of the
Tafel slopes, and are given in Table 4. The bare low-carbon steel was
also included in the experiments for comparison purposes. The po-
larization curves of the Cr-Co coating deposited at 10 A/dm? from
the chromium sulfate bath shows a lower corrosion current density
(icorr) 0f 1.7 x 10-5 Afcm? than bare steel (33 x 104 Ajcm?), sug-
gesting that the Cr-Co coating can improve the corrosion resistance,
The corrosion current density (icorr) of all tested specimens is in the
order of bare steel = (5 = S1 == 53 =« S5, On the other hand, the
corrosion potential of all black chromium coatings is in the order
of S5 (-0.519 V) = (5 (-0.594 V) = S3 (-0,595 V) = SI (-0.697 V),
Based on the more positive Eceer and the decrease of imer, it can
be concluded that the sample S5 exhibits the best protective prop-
erties among all Cr-Co alloys plated from the chromium sulfate
bath. Although it did show the presence of cracks on the surface of

& lots of rust; A, little rust; (), no rust

55 deposit (Fig. 3), its highest corrosion resistance suggests that
cracks did not penetrate through the deposit. The largest thickness
of S5 might account for the improvement of the corrosion resistance
as compared with S1 and §3. Moreover, it is also seen that Cr-Co alloy
plated from chromium chloride bath has a lower protective property
than that plated from chromium sulfate bath as a result of numerous
microcracks formed on the Cr-Co alloy plated from chromium chlo-
ride bath (Fig. 3). However, it should be noted that in cases where one
of the reactions is purely diffusion controlled, the corrosion current
density will be equal to the diffusion limited current density, and the
corrosion current density obtained by the Tafel analysis is not correct
in this case. Thus, the Salt Spray Test was also performed to compare
the protective ability of the coatings.

The results of the Salt Spray Test on the chromium-cobalt coatings
were shownin Table 5, In Table 5, the term “little rush® and “lots rush”
is defined as the percent of rusted area of the specimen surface was
less or more than 10%, respectively. It is seen that the sample S1 could
withstand only 24 h in the salt spray without rusting and S3 coating
withstood 168 h without corrosion. However, sample 55 could with-
stand more than 360 h without corrosion, which is obviously better
than that of C5 with a value of 72 h. The results of SST also confirmed
that the trivalent black chromium coating formed at 50 A/dm? has
the best protective properties, which is in good agreement with the
results of the potentiodynamic polarization test.
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Table 4

Approximate vakies of fe and oy of black chromium coatings formed at various current densities.

Specimens no. (current density)  Substrates  S1(10AJdm?)  S3(J0Adm?)  S5(50Ajdm’)  C5(50 Ajdm?)
fors (AJcr?) {approximate value)  13E-4 1765 93E-6 26 77E-5
Ece (V) -0.405 065 0585 -0519 0594
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Fig 7. Cobalt core level spactra from trivalent black chromi ings formed at various current densities: (3) 0 AJdm® () 30 Ajdm? (c) 50 Ndm’.
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Fig. 8. Oxygen core level spectra from black chromium coatings formed at various current densities: {3) 10 AJdm? (b} 30 Ndm? (c) 50AJdm’.
Table 6
The composition ratio of el plating black chromni ings formed at various current densities.
Specimens na. (current density ) Composition ratio (%)
Cr2p3j2 Co2pd/2
Cr{OH} (r,0, Co Coy0; Co,30, (Co(OH ;)
S1(10 Ajdm?) = 100 715 N4 1143
S3{I0AJdm’) 4 9577 1888 2862 1250
S5 (50AJdm’) 24 97.54 1330 1224 3446
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Generally, it has been accepted that the black coating is com-
posed of metallic hydraxide, oxide, and metallic particies. The metal-
lic particles and axide are in the bulk, and predominantly oxide and
hydroxide are on the surface [3132]. Aguilar et al, [31] prepared
both white and black chromium coatings by electrodeposition from a
trivalent chromium plating solution, with and without axidative cat-
alyst (KNO4). Their result found that chromium was the main bulk
chemical compound in both films, but there were differences in mor-
phological and chemical surface profile. These results indicate that
solar selectivity properties of coatings are influenced by the surface
composition, To confirm the surface composition of the deposited
black chromium coatings, XPS measurements were performed.
Figs. 7. 8 and 9 show the cobalt (Co2py;;) core level spectra, oxy-
gen (O1s) core level spectra and chromium (Cr2p,p;) core level spec-
tra, respectively, for black chromium coatings formed with different
current densities. The relative percentages present in different com-
ponents for Co, O and Cr are listed in Table 6, The spectra of the Co
2p3/2 band for black chromium coating S1(Fig. 7a) are decomposed
into three major peaks. The three major peaks are located at 778.1 eV,
7802 eV and 7817 eV, which are attributed to metallic Co [33], Co
in Coy04 as well as Co in Co(OH);, and Co in Co;04, respectively.
It shows from Table 6 that the dominant component in the triva-
lent black chromium coatings deposited at 10 A/dm? is metallic Co
(about 57,15%). Therefore, the surface of coating showed a metallic
luster. The Co 2p XPS signals recorded for black coatings S3 and S5
are displayed in Fig. 7(b) and Fig. 7(c), respectively. A peak related to
metallic cobalt was also observed around 778.1 eV for these two black
coatings. However, for the Cr-Co coatings deposited at higher cur-
rent density, the percentage of cobalt was found to be lower, whereas
the percentage of Co;04 as well as Co{OH); was higher. The pres-
ence of cobalt hydroxide may be related to the alkalinity of the near-
cathode layer owing to the increasing hydrogen evolution; therefore,
Co{OH); is formed in the outermost layer of the coating. The presence
of Cos04 can be ascribed probably to an electrochemical transition
from Co(OH); to Coy04 under the alkaline environment in the near-
cathode layer [34]. These results indicated that a high current density
(high driving force) up to 50 A/dm” promoted these reactions of Co**
ions to a greater extent in the chromium sulfate bath. The axygen
core level spectra for the black chromium coatings deposited at var-
ious current densities are shown in Fig. 8. Some of the cobalt axides
and hydroxides were present in the coatings and only the content of
Co404 increased with an increase of current density, whereas Co,0y,
Co(OH); and H,0 formed at higher current densities because of the
large driving farce in the electroplating process with a high current
density.

Chromium core level spectra for black chromium coatings de-
posited at various current densities are shown in Fig. 9. It is obvious
from Fig. %a) that only one peak appears for chromium-cobalt coat-
ing deposited at 10 A/dm?, at the binding energy of 5767 eV |35].
indicating that the Crz0: compounds are detected in chromium-
cobalt coatings. On the contrary, the presence of Cr{ OH )3 compounds
are detected in chromium-cobalt coatings deposited at 30 Ajdm?®
and 50 A/dm?, as shown in Fig. 9(b) and 9{c). By comparing Fig.
9(b) and Fig. 9(c), it is noted that the intensity of the peak cor-
responding to another binding energy of Cr,03compounds about
577.5 eV [35] is much higher for chromium—cobalt coating deposited
at 50 Ajdm? than that for coating deposited at 10 and 30 A/dm?.
The XPS data reveal that the surface layer of black chromium coat-
ing is rich in chromium oxide and cobalt axide, which is consistent
with the literature report [2]. In addition to the surface roughness,
the formation of Coy04 on the surface layer of coating impraves the
quality of black color [36]. Therefore, it might be effective to en-
hance the solar selective charactenistics of the coating. The actual
mechanism for current density effect on the surface composition
of black coatings is unclear right now. The existence of nitrate ions
in our system might be the reason for that. During the electrode-
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Fig. 9. Chromium core level spectra from black chromium coatings formed at various
current densities: {3) 10 AJdm? (b) 20 Ajdm? (c) S0AJdm?.

position process metal electrodeposits were formed accompanying
with the reduction of nitrates on the growing surfaces of the metal
deposit |37]. This might lead to the axidation of deposited met-
als to form metal ion. On the other hand, electroreduction of
nitrate to nitrite ions generates hydroxide ions at the cathode
(NO*- + H;0 + 2e~ — NO?- + 20H-). Therefore, the metallic ions
would react with hydroxyl ions to form metallic hydroxides and are
spontaneously dehydrated into metallic oxides [38]. The reduction
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Fig. 10. The adhesion test of black chromium coating formed at 50 Ajdm®: (a) black chromium coatings before test, (b) cross cut test, (c) Scotch tape test.

| ®

Fig. L. The bending test of black chromium coating formed at 50Afdm?: (3) black chromium coatings after banding, (b) Scotch tape test.

rate of nitrates on the growing surfaces of the metal deposit increased
with the current density. Therefore, a black deposit was obtained in
which the coating was mainly composed by metallic oxides,

The adhesion of trivalent black chromium coating deposited at
50 Ajdm? to the low carbon steel was evaluated using the cross-hatch
method, as shown in Fig. 10, The deposited coating exhibited excel-
lent adhesion strength and was classified as Class (5), according to
the ASTM D-3359 classification. Our result shows the adhesion be-
tween trivalent black chromium coatings and substrate was as good
as those coatings obtained by electroplated from a chromium chlo-
ride bath, the adhesion strength of which was also classified as Class
(0), according to the ISO classification [2].

The adhesion between the deposited layer and substrate was also
examined by bending the substrate simply with hand. The experi-
mental result of the bending test for the trivalent black chromium
coating is shown in Fig 11. The coating was bent by approxi-
mately 1807 and then tested using the tape, The result revealed that
the coatings did not fall off after heavy bending,

4. Conclusion

Based on the results obtained in the present investigation on
electrodeposited black chromium-cobalt coatings from a trivalent

26

chromium sulfate bath and trivalent chromium chloride bath, the fol-
lowing conclusions have been drawn:

. At the same current density, the rate of chromium deposi-
tion from trivalent chromium sulfate bath is significantly lower
than that of chromium deposition from chromium chloride
bath.

2. The plating current density affects the morphology, composition
and blackness of the Cr-Co coatings obtained, The surface rough-
ness and the intensity of black color increased as an increase of
current density up to S0 A/dm?,

3. The color of the black chromium coatings depends on the surface
roughness and Coy04 content on the surface.

4. Potentiodynamic polarization test results exhibited that the
chromium coating plated at 50 A/dm? from trivalent chromium
sulfate bath has the best protectve behavior from sub-
strates among all tested Cr-Co alloys plated from either
chromium sulfate bath or chromium chloride bath, The salt
spray tests support the results of potentiodynamic polarization
tests.

5. The result of the cross-hatch indicated that the adhesion between

trivalent black chromium coatings and substrate was classified as

(lass (5), according to the ASTM D-3359 classification.
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|
& i : DQ301A

28



scope

Biotech
EP A #XX %YX F"H ?: )3 S A rgpoiomse
Customer INSPECTION CERT;IFICATE TANG ENG IRON WORKS CO., LTD.
iy g o a s PI610607047 aagm: 105070572 YEN Hi 2ND ROAD, KAOHSIUNG, TAIWAN
Contract No. Centificate No. .
18 MRS y]EpﬂM 2017/7/24
L/C No. Date
¥ DN A B ARME| M A4 ] 3 A & R + i# ¥ E
ltem Product ID. Heat No. Producl Form| Steel Grade!  Finish | Calegory Thickness X Width X Length Net Welght D i
1 S3008 270532079 cS 304 28 G 1.49mmX 1245mmX 1442m 21927 kg ASTM A240
J |
% it E: A B Chemical Composilion (%) FiE );Ql\%{ ;{!l; £ 'tiw &g Mechanical Properties
* i { 2 Rp(1.0%)
Rl Cc Si Mn P S Cr Ni N Cu N)r‘;asm‘ \Lg'(g"z‘;,g) ! Elgng HR;A'Id ess Nimm2
1| 0.022 0.47 1.06 0.022 0.002 18.26 815 | 0035 678 %2 | 496 817 295
|
AR AU R E—— S N SN S ! - R
| |
g t
il |
i |
R # i . of Al itati
H:\.i P?(r;(‘ﬁllcl form -- CS * Cold-rolled stainless steel sheet in coil. [ca?;réf"t?;arg(,)q/?eg 1?52"5’1‘835) g:ﬁgggtg; TAF:L0365-140120
Db. Inspection cerfificate in accordance with EN10204/Type3.1. 3# Certificate No. of TEQMS-1SO9001:2008 registered by
<. Chemical composition and mechemical properties ncluding T.S TUV Rheintand Taiwan:01 100 822 106199
EIN10028.7/Table. 3/1.4301 and TNI00S8-2/Table ¥LA30L  \ NS EN 005, aticle 45 ang ADBOD 0!
d. The material described above also in accordance with the reqwr S ﬁ IE E =4 ‘;TUV Rheinfa'nﬁl& 20;nTWN Q-1
& The material described above has been detected with fres irtadiation politm % Gertlfic 0. of Iactory production control act
£. The temperature of solution ireatment is ranging 1040°C~1100°C in accondance i 1LNIUUJ? T Table Pedfhd3tt Ur v TUV F 00
g. Grade designation originally assigned by the AISI (American Iron and Steel Insfitute) 3
Ii. Visual & Dimention inspection : conformity. Sk £ % (Manager of QA Department)/W.
i. ASTM A480 NO! finish same as EN 10028-7/BN10088-2 1D finish , ASTM A480 BA finish same as
EN10028-7/EN10088~2 2R finish.
J- Al the above products conform to the requirements specified in ASTM ABO/AG66 and ASME SA2A0M/SA480M. 53 J[) W‘,‘q

29

LS A DQSO1A i




& Medscope

Biotech
wEw®H
SRERTIREOAERAT
Husr 1 Y31-730132
This certificate is guaranteed h‘” ’/;—‘ﬂh*:’-ﬁf’“m
R 4 . : ttp://www. chiafar. com
F P ARHSROERAT ; ;
for using in Taiwan only TEL © 886-2-2555-8090
B s o0IBN0 BB ¢ ISGa3I3 BAK 0tz 2001515
B OB|& & 2 # A RS s B R 4 2 & A & R #® @ ¥ S #
! Csp CAAWMT 161240003 SUS 301 0098 X 4950 X ¢ =m b X%
2 csp CAAWMT 1612A0 SUS 30: 0196 X 5S040 X C H MY
£ A& & (% it S Rt
= kA -
A E £ 224 52 @ ® % &% ¥
% HRB A
AX AKX
0,490 | 010 L0020
2 0490 | 08:0 0.0020

ix 2

SRR EZaE EX 10204 3.1.B 4 EN 10088 2
#HRERIE ASTY 1240722408 ASTM 3480714804
FHRBL @R JIS (4304 /64305 /G4313
JIS 72371

S W 7 1

© RA_2016_C1668 / CI1674
$2& 4 180 8001 / 180 14001 -~ OHSAS 18041

CHEESHPREERS  LERE  RERERVEE R8RS CEG A ST R AR R

30



@ Medscope:

Biotech

WWW.SgS.

R RS

®&(No, ) ; (B/2017/73546 3 M(Date) ; 2017/07/25 X #t(Page) - 1 of 10
Test Report
2 E R REHAL T L Rl
SURSUN METALS CO., LTD.
LT MEREATHIR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEVW TAIPEI CITY 24262, TAIWAN (R. 0. C.)

LT MR E AP ARG RERARE (The following sample(s) was/were submitted and identified by/on
behalf of the applicant as) :

R AE & (Seaple Submitted By) o R EamGHMS S (SURSUN METALS CO,, LTD.)
#.58 M(Semple Description) :  STAINLESS STEEL STRIP (# &#i#)
HAVR(Style/Tten No.) ¢ SUS304

@t 3 M(Sample Receiving Date) : 2017/07/18

M M (Testing Periad) ;2017707718 TO 2017/07/25

T R R R P P PR PP ETE R RN ETET!

M E £ (Test Requested)
(1) &BE AL > 4005 2011/85/E0 Ammex TTA XSRS ED 2015B6IMERM - 52~ A - SMS - SANY - SARYL
&8, DEP, BBP, DEWP, DIEP. (As specified by client, with reference to RoBS 2011/65/EU Annex 11 and amending
Directive (EU) 2015/863 to deterwine Cndmiwm, Lead, Mercury, Cr(Vi), PBBs, PRIEs, DBP, BBP, DENP, DIEP
contents in the sutmitted sample(s), )

() BBEFrAL BFTLEIN - SRS EAM - AF-8 £ -8 - &, (s specified by client, 1o test PFOA,
PFOS, Balogen-Fluorine, Chlorine, Bromine, lodine contents in the submitted sample(s).)

Mt R (Test Results) WEMT— R (Please refer 1o following pages).
% (Conclusion) :

(1) MEEFAMEHAGES XM -2 8 - SWS - SAWEL - SANEM, [6P, TP, DEIP, DIEPH MRS X7 SRISHS T
(BU) 2015/B83 & £ £, (Based on the performed tests on submitted sample(s), the test results of Cadwium,
Lead, Mercury, Cr(V1), PiBs, PEDEs. DBP, BEP, DEIP, DIBP comply with the limits as set by RollS and nmending
Directive (EU) 2015/863. )

Thex Socame @ Seeed by the Corrpery wtiect & &3 Gecocs| Conditiona of Sanics pantad owaree! I > iy

wre| Iz slecthone formmd docurrerts o Tarrs end Corcitsons for Dlectontc Documents o o0 TSN L
dwwn D B Drtston of ktxty £ ¢ arsdcion sssa defnad thann ”:ﬂhtw-ﬂunﬂnnﬁ...nm Menul-d:“fncaﬂml
dt-u-udhn-\mv wnd withio S ket of chert's batracson, 1 C_Aa-v(l— 4 £x Chend ardt i docurmant doss rot socrensts Dert i
wl Ao asexoing of el mwmnu—:um cernct ba gy mnr‘wﬁm ¥ e
. e corewe o = e o Do Sromecsmd 1D et soctant of the ew
watec T temite a-mmu-mu:u--ﬂ?-m--s

Wa W Tupm O, Towen 52 K t

L1d & Wb s ; l S EETI00 JE0Y TYRlE CEIIIR0 YT e apr T THISEISNTR R

MaTter o the D05 Group
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Test Report
2HE RN L g TR
SURSUN METALS 0., LTD.
ML F MR TBIR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CITY 24262, TAIWAN (R. 0. C.)

M E (Test Results)
MA@ (PART NOEWNo.1  : &4 MM (SILVER COLORED METAL SHEET)
NA F™ M ’::: n:.ﬁz na
(Test Itens) (Unit) (Method) el i—lhl (Linit)
4 / Codnium (Cd) ag/kg |$41EC 62321-5 (2013), kmme | 2 | nd 100

CER T &M A RN, / Vith
reference to 1EC 62321-5 (2013) and
performed by ICP-AES

8 / Lead (Pb) ng/kg |$¥I1EC 62321-5 (2013), & Améd 2 n.d. 1000
CEET & AmRueN, / Vith
reference te I1EC 62321-5 (2013) and
performed by ICP-AES

& / Mercury (Hg) ng/kg |$¥I1EC 62321-4 (2013), &K Amd 2 n.d 1000
AR T S&a AR, / Vith
reference to 1EC 62321-4 (2013) and
performed by 1CP-AES,

A M5 / Hexavalent Chromimm yg/cn® | $%1EC 62321-7-1 (2015), =UV-VIS | 0.10 nd. -
Cr{V1)(#2) . / With reference to IEC

62321-7-1 (2015) and perforued by

v-vis,
SR FEEM / Perfluorcoctans ng/kg | $FUS EPA 3550C (2007), sticdu it 10 n.d. -
sulfonates (PFOS-Acid, Metal Salt, /N ke, / With reference to [S
Amide) EPA 3550C (2007). Analysis was

performed by LC/NS.

S5 ¥ / PFOA (CAS Mo, : 335-67-1) ng/kg |$4US EPA 3550C (2007), stikduk 4t 10 nd. -
/Wi, / Vith reference to [S
EPA 3550C (2007). Analysis was
performed by LC/NS,

Thiz Socumant 3 2esec by the Compeny stiac! $o & Sonses Condtions o Sannce peted Dveroel m-a‘: i 3

wrel, uu:mw-wm-cumncmuc:mmcm-m Abardor o

awmn 1D e Irmtston of bty o e m:nnﬂm!mmwﬂhwﬁunmﬂri-c-mcn-i-chamﬂoatuf.mrg:
nhtﬂodhmv Nwhri-hn:':ﬂ-flnnn:w !u_ﬂ-mm wnul £x Olent arc! i document does ot econands

o -mgd!f-' Ba mpvosiuced, aucapt Rl WRho Teee wrtten dt'-

w-m;mm te rzmacuted 1o $ie fdest scdact of the ew
menmnuuﬁulmvwdnmhhmm Y5 7

WD e o Pwt Wa L Dutact Now Teom O Teean 529 D60 K2R T A L2

HoeReesARSYART 5555 .mrtmzm:m: W
i
Mareer of tw 565 Growp
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waNo, ) : (B/2017/73546 8 M(Date) : 2017/07/25 R (Page) : 3 of 10
Test Report
2 E RN W R THIOn
SURSUN METALS C0., LTD.
WAL TR K IR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CITY 24262, TAIWAN (R. 0. C.)

SPT e WAy ;|
(Test Items) (Unit) (Method) (ML) Yo 1 (Limit)
SAMEMS / Sum of PBBs ng/ky | - n. d. 1000
— AW ¥ / Nonchromobi pheny| ng/kg | 5 n.d. -
=AW ¥ / Dibrosobiphenyl ng/kg | 5 n.d. -
=W ¥ / Tribroachipheny! ng/kg | 5 n.d. -
=AW ¥ / Tetrabrosobiphenyl ng kg 3 n.d. -
Z AW/ Pentabromchipheny] ug/ky | 5 n.d. -
< AW / Hexabromobiphenyl ng/kg | 5 n. d. -
= AW / Heptabromobipheny] ug/ kg | 5 n.d. -
AWML / Octabrosobiphenyl ng kg 3 n.d. -
A+ iAWY / Nonahrowobipheny| ug/kg | $F1BC 62321-6 (2015), B fmMk 4/ 5 n.d. -
+ AW X / Decabromobiphenyl ng/kg | WokRMM,. / Vith reference to 1EC 3 n.d. -
SAMEsMEt / Sum of PBIEs ng/kg |62321-6 (2015) and performed by - n.d. 1000
[— %W ¥ &t / Nonobrowodiphenyl ether ng/kg |GC/NS, 3 n.d. -
—AW¥8 / Dibromodipheny] ether ng/kg | 5 n.d. -
=AW L8 / Tribrosodipheny] cther ng/kg | 5 n.d. -
AW ¥at / Tetrabromodiphenyl ether ng/kg | 5 n.d. -
7AW A8 / Pentabrosodiphenyl cther ng/kg | 5 n.d. -
MM EM / Nexabrowodipheny] ether ng/kg | 5 n.d. -
+ AW ¥at / lleptabropodiphenyl ether ng/ky | 5 n.d =
/AW %8 / Octabrowodipheny|_ether ng/kg | 5 n.d. -
. AW %8t / Nooabrowodi pheny]_ether ng/kg | 5 n.d. -
+ iAW %8t / Decabromodipheny] ether ng/kg 5 n.d. -
MY-78®T X7 8 / BBP (Butyl ng/keg 50 n.d. 1000
Benzyl phthalate) (CAS No.: 85-68-7)
M¥=vm=7T& / DBP (Dibutyl ng/kg 50 n.d. 1000
phthalate) (CAS No, : 84-74-2) $41EC 62321-8 (2017), =t @ fnAk i
H¥-va- (2-L %2 %)& / DEHP ng/kg |&/ Wbk, / Vith reference to 50 n.d. 1000
(Di- (2-ethylhexyl) phthalate) (CAS [EC 62321-8 (2017). Analysis was
No.: 117-81-T) performed by GC/NS.
M¥-—v®-ATH8 / DIBP (Di- ng kg 50 n.d. 1000
isobutyl phthalate) (CAS No.; 84-69-
5)
Thes Socumen: x asaed by the Cormpany subiect 1 & Gecees! Condton of Zerace pemiac owvarnet on Wy ot P1x) v 3 TVl T w3
e e T e e e R e o T et .:‘c”m'&’?“,'.
e e o B B S o e e e e o e e e 1
C:ru}:‘w::;rxmm ::ﬁcg:?mn;-;-u -sz:’hmum.acvdm:ﬁqh’ml:hn"‘-luﬂrk-llmh
20 Ao 0020 A " , huuzzmg’mnn; Toom Oy, Toww S 1 C60 K2AWR TN 0

Marter of the 5GS Group
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2 E RN AL [N NERIE IR
SURSUN METALS 0., LTD.
LERE T PR3 24

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CIiTY 24262, TAIWAN (R. 0. C.)

FEAM| B2
M E X M H % .23
(Test Itens) (Tnit) (Method) ‘(‘iu‘ L‘:—;l:-‘l (Linit)
&+ / Halogen
a+ (R) / Halogen-Fluorine (F) (CAS | mg/kg 50 nd -
No. : 14762-94-8)
A+ (L) / Balogen-Chlorine (C1) ng/kg | $4BS EN 14582 (2016) » saMhF M #F 50 n.d. -
(CAS No. : 22537-15-1) @4 4%, / With reference to BS EN
A+ (%) / Halogen-Bromine (Br) (CAS | mg/kg [14582 (2016). Analysis was 50 n.d -
No. : 10097-32-2) performed by IC,
&+ (&) / Halogen-lodine (1) (CAS ng/kg 50 nd. -
No. : 14362-44-8)

=(Note) :
1. ng/kg = ppa - 0, 1wt§ = 1000ppe
2. n.d. = Not Detected (&igik)
3. MDL = Method Detection Limit (HEMMNSRA)
4. "<" = Not Regulated (i)
5. (32) =
a BAMSHEAR 13 /e’ RFRDBEREEH AR, / The sawple is positive for Cr(Vl) if the Cr(VD)
concentration is greater than 0.13 pg/ca®. The ssaple coating is considered to contain Cr(VI),
b, EA5MBHS L8 d (GRRELH0.10 pg/cn’) » AFERF S5 MB. / The sample is negative for Cr(VI) if
Cr(VD) is n.d. (concentration less than 0. 10 pg/ce®). The coating is considered a non-Cr(VI) based
coating
TAMEB AN 0,10 X 013 pgien* ¥ RESRATERET LN A M. / The result between 0,10
pug/en® and 0. 13 pg/cm® is considered to be inconclusive - unavoidable costing variations may influence
the determination,

PFOS$-# W (Reference Information) : #HA A WS K POPs - (EU) 757/2010
PROSER A W ENRY £ 8:40, 00151 0ppe) * £ F X5 - XS EEHMNT Fi408:40, (50(1000ppe) » 3585 2K
RHABT TR B8Ig/a" -
{(Outlawing PFOS as substances or preparations in concentrations above 0.001% (10ppmn), in semi-finished
products or articles or parts at a level above 0. 15(1000ppa), in textiles or other coated materials above
lug/mt,)

mml-qu-CMmmnn-ﬂacnmammwd wI.ac  Jex TR =T

2 slectone forvwd docusrents = %o Tarrm end Corciaons for Cectone Documents ef | £ Kiisrdor
aunhm-rwee'llut;m- o e w—-mmn-rmw#‘:&:uduo&-:ﬁ mmbt-dl-mi-mnvtmpwn
o 12 22 Ohent src! i docusment doas rot aconersts arties

et dhlmahmu od wihie Bvets of Chere's itracton, & Mm
o -.mzdm mmmht—'—iu“ mtx T e wagt 0l WEhoR prex wrktten of e

m am eﬂnm:om.amm--qnm nhmlwtaflhw
wxiad e rumits -l.uwrd-aw::r- | tum b

lnm%muu—; %wnm:;—‘-:al—uhﬂiuﬂl‘lm

s Towan Lid. s Mmes A8 &4 M

Mt of S 5G5 Greup
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Test Report
LHERRETHME L LR
SURSUN METALS C0., LTD.
MLEFMEBATHIR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NE¥ TAIPEI CITY 24262, TAIWAN (R. 0. C.)

I Analytical flow chart of Heavy Metal

BRUTORRT NS BACLESE . (A RMENRA NS )

Theze sampies were dissolved totally by pre-conditioning method acconding 1o delow flow chart. { Cr' 12zt method excliuded )
B mRAN: £3%) Technician: JR Wang
B MR ARA - MR/ Supenvizor Troy Chang

| 54 AR5/ Cuting - Precarstion |
v
| Mg AR/ Sample Measurament I

% P Cai2. Kok Cr # Mig Cr(vi)
¥ v
LEFEE TN 3 8 B2
AZIC gigestion Wi mCrowave [ motpiate I 4 A / Nor-metal | I &4/ Metal I
v ABS /PCIPVC I % .4 WIOthers ¥
| P | s 1 A4 %M/ Baling
‘water extraction
[ MERSH/ # 15041600 7 7
v v Diszolving by # % I Digezsng
razon 1501 i /!
| 3 / 2cuson || R 3 ) Residus | c "““"" 3t SU‘SO‘C #t;:::.:&
digestate through
' ASOTHS T4 Y =i
1) WefSEGE ARl fuzion FRARS Separating o gat
2] WESHHCI dszove gmmsu‘c Sttt FHase )
ultrasonication
A FAMNL/
1 | Add aphenyt-
A 4 ‘ carbazide for color
GARSTRAFEELNA CRAE | [ weoimommmen | Lo
7
L] UV - R
oo B A 884, | Add dpmenyt- A% @4 S200m
carbazide for color develcoment @R/ Meazure
7 the absorbance at
540 nm by UV-VI2
SUV-VIS - MBS 8RS S40nm

HRE R / Measure the absorbance
at 540 nm by UV-VIS

Tres Socumen @ wxead by e Cormpeny stimct 10t Leceny’ Condtors of Zonnce peried ovecas! owlen on wiee o -

e, bor slsctons formwt docurrerts. abaec to Tasrx srd Conciions for Bectone Documwenis st AT T L. ABgméon W

druwn o the irrdatoe of bataity ndarra¥oton end Lrascion Sese defred thoesin Ary W*%mﬂﬂnllmﬂmﬁ-n{ﬁnw '&Jt"(bﬂvl\l

M ot the tme of x Pty prtion on rnmhr?-m:':\-t-rmr.:w f ury. The Co wn-x.naﬂ“h docurment doss rol aconarsts —
Ao scaiing of hor ox! ctigatons under e bamacion Joceen Tha do e prociuced, ecept ) Bl WRROLE DODE Wit app .

wreutcroed ehmston, luw‘qh-lc-mu'mm.r d’cmuMamm—n o prosecited o e fdest sxtart of the lw
mﬁnnuh rewsts whowrl uu-!vq:ﬂmﬂn:v'l:'f--m'n -

Tt

o | AW et W G Dutcs Mow 1) Tuwe B L2 FIAWRT A
|| Toe PTn T .nz oirreo 1Y) r.; - - TN R
f

Martter o tw 300 Croup
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Test Report
B E R RATH AL A WEIINETHanme
SURSUN METALS €0., LTD.
WAL F MK TR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CITY 24262, TAIWAN (R. 0. C.)

SEFMIc R EmER Yy W ANE | Analytical flow chart - PFOA/PFOS

A R ety / Technician: Yaling Tu
B A A A AR / Supervisor: Troy Chang

£ 5% & 17 / Sample pretreatment
v

MEEAEREER /[
Sample extraction by Ulrasonic extraction
(# ¥ % i+ Reference method: US EPA 3550C)

v

ARUm s Rm /
Concentrate/Dilute Extracted solution

.

LUAAR AT W R AT RUR

Analysis was performed by LCMS
v
4 /Data
Yh-mu-‘gb-tmwym-ﬂnu-w- Cwmdmsn—ndw an mgum o L

el for pecbome formwd docurmerts -ﬁnhmm(m-‘atcm::hm

duwn © e Irtstoe of ltady Odares mmm:n-—ummnmws-}uw l.&-:l'da‘fmu...—hnm -loaz:n.meq

g o e tme of 3 rtarverton aely end withe She ks of chant’s trecion, "3-"' aw-mwhnn-naﬁmn-mmmm
I:-

o memgdm@amd’anauﬁ.hu—xr This' documant cinct be axcagt o b, wehor TR e
Em:x- nm ﬂh@"lumammwhwm fdaxt sodact of the ew
£aiac ‘he “sauts Mlnkuﬁ-aqch | ot
I We O mcicxse Pat 'Wa ( Dutact How T Towe 315 0 K200
swan Lid. s RNRSULRE Y Tk 0910 0 M MDIT0 TN e mpn T Y T i

1

Marter of the BCD Growp
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Test Report
2HERTHML A LS LRI
SURSUN METALS C0., LTD.
MILF MR EATBIR

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CITY 24262, TAIWAN (R. 0. C.)

SHAMYISAMEM St N | Analytical flow chart - PBBIPEDE

B Mo A K Ewns [ Technician: Yaling Tu
B oA KA EmR / Supervisor Troy Chang
X WA T | First testing DrOCESS p

WEM B4R |/ Optional SCreen process ssssss s
S5 4 / Confrmation DroCess w «+ w op

| Sample/ # 2 |
3

| Sampie pretreatment / # LA & |

f..n-....l-l.lloonla-l..-.llnainlcl.-lll-:

EI Screen analysis /88 & # IE
Gesessascsssssscssasasssssssssasasssssssnt
1

hd

Sample extraction #§ 4 ¥ ¥
Soxhist method & & K WGk

13
A4

ConcentrataDilute Extracted soution
B Ra
3
| Filter/ % hea ik |

[
v

[ Analysisbycems ! gwam R wdon |
v

| Issus Report M1 & |

Tmm---:nro&rmmocihh’-cmwmmw wIoer ot
ar o sectone 1orret doosments chauhm“Cm-h!m: o
al\m:'hl =T wosax celrad mm#hmﬂuumﬁﬁ-mcﬁnmm mvwax
o %o tma o & earverton on Mmhnhmdmnmr&wl The Co % e soporntaity & i tx Olant end fin docurment doss not acorsrsts -
from weathing o ek rohs exd chigesons undar he besecton Soc it Th o mmhmwnh&mu F WYEen o e
C ureutscroad sfarsion, formeey o Selfteion of the cortene o S thix document tn unwwtsl and afendars Ty te pecsscuted (o e Adeet codert of the w
mm uhmulwfn“ulwuuaqchmhﬂ

" o | s mml\-— Towen BE4 LS R 2R TN 0w
R AL S LR SeuEE mum »lmlm:mn:: W g W oy -

T
Marter of T 555 Cmup
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I E R MATH AN (N IERI VNN
SURSUN METALS 0., LTD.
LER R I T2 2

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NE¥ TAIPEI CITY 24262, TAIWAN (R. 0. C.)

T osis iR E | Analytical flow chart - Phthalate

AR - # .9 [ Technician: Andy Shu
B M A A - et J Supervisor : Troy Chang

[ Moty i&/Test method: IEC 62321-8]

#amimigiE
Sample pretreatment/separation

H A THF 5 RssmEnm /
Sample dissolved/extracted by THF

:

ARURRTE [
Diute Extracted solution

.

AR ATH R T
Analys's was performed by GC/MS

:

#ti% /Data

Thes Socumme @ meced by the Compeny stipct 1o tx Gamsre! Condtors of Sannon Dested overeef oN MIueE O $ N Toe n -

et Yo sectrons Iormwt doourenta 20 T ered Concitsona for Dectone Documnis ot ~ Ce= s T Lo . AHarSor

duwn © e bmeston of atety ﬂmcnummmm#ﬁmm'mCmqi

ﬁmﬂdumma end wrtho tha i of Chet's Futracson, 11m"_ﬁm-€mnn=uannn-mmmm -

we .‘l:rrc-:-'gdw . ad ctigedors under e basesToe 30Cs =tx T cainet b epvociuced, ecegt 1 Kl wRho pree wrltten e o B

Emm-mwunm,vuw(anlmammu of thix docament (3 uiewtsl end ofenders Ty be cecssosed (o e fdast sodert of the ew
Muind tha resuts 3howr! In 1o et report efer anfy 1S tha | tmetad

. o B ] L Tawem /.
T T O e z}&};guvﬁzmgﬁrum&m—q e SIS FIAMT N e

Y Marter of T 565 Group
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iEE b H AR ) (IR NERIE NN
SURSUN METALS C0., LTD.
LER R I T2 2

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPEI CITY 24262, TAIWAN (R. 0. C.)

1 Analytical flow chart - Hal

B A R # sk / Technician: Rita Chen
B O MA A A - AR [ Supervisor: Troy Chang

anEm/ioE !
Sample pretreatment/separation

.

FEARESRA RIS |
Weighting and putting sample in cel

.

Lt X L T
Oxygen Bomb Combustion / Absorption

v

KT R TEN /
Dilution to fixed volume

v

L.EX £.8 T2
Analysis was performed by IC

"um--ach,h-tmwy-n-ﬂhh-r- Conatora o Zanca pavtac Overes! m: ot M e « X v ot 3 o
e, for slectonc “mmu?-mwmmcm-'c:m:mm 2 X B AHecdor b
uﬂmlmwwﬂ&w---du-li e arbndi—m-lo::hotm >

drawn ©© Ba = hataty
'noz:;o’:mdbmaﬂ mmrgman—rnmmw 'qm\w-mmhu-nmmn m&-mm
e from o under the ttwroecion et be crgt I B, WEBOS DrEX arRten

a:n-qdht adgesone
Aoy m of tha contant or d&.m:-uw.tmmwn:ww -thanhh
Ao ERiad M teests ot regert refer ordy i the | ot

LU LR TSR T TR R0 T T -.‘a&'.mm’:‘é‘?"‘ﬁ.?.‘..‘.’;,";"”-"""“"’“"“'"'“""

Marter of e BG5S Growp
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Test Report

2 E R RGHAL R TR
SURSUN METALS CO., LTD.

LESE T 53 1

NO. 9, DA-AN RD., XINZHUANG DISTRICT, NEV TAIPE] CITY 24262, TAIWAN (R. 0. C.)

®&No, ) : (B/2017/73546 2 M(Date) : 2017/07/25 Wk (Page) : 10 of 10

FRAYSARRART  MHEAFRATERNZ LA/ @, *
(The tested sample / part is marked by an arrow if it’s shown on the photo,)

CE/2017/73546

= HEML (End of Report) &

num---nwbcmw’maacu—:cm-vm
nh'?*m:mmmhm.dm !-sm:!:'m‘:m--v* - = X =
awen irrtsion h' - :m
-hmn.m wrd withe the Wit of Chant's butrocion, & Cm-n[ om 42 3 Chant anc! i socument doss rot axonends
m-nm ,’ya ciar 2 o e Tarioct be ocagt M::

Liewt s and oendars pa-n.anu 10 e Alast eatant ot
m“n—mm_mu-wbnﬂﬁlw " 3 i g R
SCETawan Ltd. e MM AR Yma N ?.:m“mu%“mmh_a_u'mm'gm
Martar of S 508 Group
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2.4 Titanium Wire :

CERTIFICATE A

TUV Rheinland of North America, Inc. TUVRheinland”
295 Foster Street, Suite 100, Littleton, MA 01460

Hereby certifies that

¢

FORT WAYNE METALS

Fort Wayne Metals Ireland Limited
Castlebar Technology Park Moneen Rd.
Castlebar Co. Mayo
Ireland

has established and maintains a quality management system for the

Manufacture and Distribution of Bars, Specialty Fine Wire, Cables,
and other Assemblies for Aerospace & Defense, Industrial,
Medical Device and other Applications.

The audit was performed in accordance with the requirements of
SAE AS9104/1:2012-01 by an ANAB-accredited Certification Body under the
Aerospace Registration Management Program administered by the
Americas Aerospace Quality Group (AAQG) in accordance with the
Aerospace Sector Scheme and documented in Report No. 4307.

Proof has been furnished that the requirements according to

AS9100D
based on the requirements of ISO 9001:2015

are fulfilled.
Further clarification regarding the scope of this certificate and the applicability of
AS9100D /1SO 9001:2015 requirements may be obtained by contacting TRNA.

Certificate Registration No.
74 300 4307

Certificate Issue Date Certificate Expiration Date
November 8, 2017 November 7, 2020

ACCREDITED

MANAGEMENT SYSTEMS

CERTINCATION BOCY é 2 ’ § .

Certfication of Management Systems

Site Structure: Single
Certificate Relssue Date:11/08/2017
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FORT WAYNE METALS RESEARCH PRODUCTS CORP
9609 Ardmore Avenue

Ft. Wayne, IN 46809
Anxy Heary Phome: 260 747 4154
MECHANICAL
Valid To: September 30, 2019 Certificate Number: 2577.01

In recognition of the successfal completion of the A2LA evaluation process, accredization is granted % this
Iaboratory at the location Listed above 23 well as the samilite laboratory location Listed below % perform the

following tests on metal and alloys:
Test: Text M 5):
Rockwell Hardness (A, B, C) ASTM E18
Rockwell Suparficial Hardness (15N) ASTMEIS
M:icromndentation Hardness ASTM E384, E92

- Vickers (10, 25, 50, 100, 200, 300, 500, 1000) g
= Kaoop (10,25, 50, 100, 200, 300,500, 1000) g

Teasica Testng (-100 0 150)°C (Up to 60,000 1kf) ASTM A370,EB, F2516

Torsion Testing - Shear Modulus ASTM A938 E143; IS0 7800

Motallographic Evaluation

- Detecting Susceptibility to Insergranular Astack' ASTM A262 Practice A

- Determizing Grain Size' ASTM E112 Par. 10.0, Par. 14.3, E930

Conducting Rotating Bending Fatigue Tests of Solid Round Fine  ASTM E2048

Wire

Corrosion Fatizue Testing of Metnallic Inplant Materials ASTM Fi801

Bend Testing of Nesdlos Used in Surgical Surares ASTM F1874

Dstsrmination of Transformatioa Temperature of Nicksl- ASTM F2082

Titanmmes Shaped Memory Alleys by Beand and Fres Racovery

Surface Texmure ASME B46.1
! Thas accredintion covers testng parformed 2t the zun bboratory listed above, and the satsllite borasory bsted
balow.

(Satellize Lab)
ADVANCED MATERIALS DEVELCPMENT
2300 E. Cardinal Dnive
Cobambia City, IN 46725
4

{A2LA Cert No. 2577.01) Rewvisad 10/30/2017 e i Page 1 of]

5202 Mesdents Court. Suite 220 | Trederich, MD 217000515 1 Phone: 301 444 3248 | Fac 240 454 9449 | wawwANLA ONQ
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FORT WAYNE METALE REEEARCH PRODUCTE CORDP
9609 Ardmow Avenue

Fr. Wayns, IN 26809
An=y Heory Phome: 260 747 4154
CHEMITAL
Valid To: Septamber 30, 2019 Coartificate Number: 2577.02

In recognition of the successfial completion of the A2LA svaluaticn process, accreditation i3 granted %o this
Iaboraory at te locarion Lised adovs 26 woll 35 e sanliin laboraory locadea listed dbelow 3 perform the

following tests on metal: and alloys:
Tezt: Test Method(z):
Evaluation of Caexmical Passivaticn Treatmsats for Stainless Steel ASTM A967 Practice D
Pars
Demminanon of MNizogen and Oxyeen in Steel, Iroa, MWickel, and ASTM E1019
Cobalt Alloys
Determination of Carbon and Sulfur i Sweel, Iron, Nickel, and ASTM E1019
Cobal: Alloys*
Determination of Oxygsa aad Nitrogsa in Titanium and Titanium ASTM E1409
Alloys
Determination of Hydrogea in Titanium and Titanium Alloys ASTM E1447
Determination of Carbon in Refractory and Reactive Metals' ASTM E194]
Transformation Texaperaturs of Nickel-Titaniums Aloys by Therma!  ASTM F2004
Axlysis’
Elsctrochemical Comrosicn Testing ANIM F212¥
Gahnazic Comosion ASTM F3044

' Thits avswditalove voves s dwalaa pee forsoed vl y ol Qaw saiallie el aios y Lsded bulow,
“ This accreditation covers testng parformed 2t S0 mvin bboratory Bssed abovs, and the sasellie laboratory listed

balow.
Sarelli Lab
ADVANCED TERIALS DEVELOPMENT
2300 E. Cardnal Drive
Columbia City, IN 46725
(A2LA Cart No. 2577.02) Revised 10302017 - )// A Page 1 of 1

. / >

5202 Preddents Court, Sute 220 | frederic MD 217038515 1 Phone: 301 444 3248 | Fax 240 454 7447 | wawwALA org

43



& Medscope

Biotech

TUVRheinland

Certificate

) The Certification Body of
TUV Rheinland LGA Products GmbH

hereby certifies that the organization

Fort Wayne Metals Research Products
Corporation
9609 Ardmore Avenue
Fort Wayne IN 46809
USA

nzs estaclished and apglies a quality management system for medical devices
for he folowing scape

Contract manufacturing of round wire and cable components,
assemblies, extrusion coating and other components used in
both non-implantable and implantable medical devices
Additional facilities: see attachment

Prooi has been iumished thai ihe reguirements specfied in
EN ISO 13485:2016
are fulfilec. The quality management system 1s subject 10 yearly survelllznce

Effective Dale; 2018-06-02
Certificate Registration Ne SX 501289377 0001

An audit was performed, Repert No.;  3153202C CO3

This Certificate is valid until. 2021-06-08
Cerlification Body
(( DAKKS
. Deutsche -
NN, : . -’
e Akxreditieru 1elle g P
L o A
>

Date 2018-05-04 / j/
/pm Gruber

TUV Rheinland LGA Products GmbH - TillystraBe 2 - 90431 Niirnberg

Tel, +40 221 606-1371 Fax: +45 22 308-3635 e-maicart-vaidity@de tuv com bsip dwwa v com'safety
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TUVRheinland '

TUV Rheinland Bomi ks Rews 0 ‘
LGA Products GmbH
TillystraRe 2, 90431 Nurnberg

Attachment to

Certificate
Registration No.: SX 60129377 0001
Report No.: 31593020 003
Organization: Fort Wayne Metals Research Products
Corporation
9609 Ardmore Avenue
Fort Wayne IN 46809
USA
Scope: Additional facility:

Fort Wayne Metals Regearcn Procucts Corporation
Ardmore G: $B23 Ardmore Avenue
Fort Wayne, IN 45805 USA

Certification Body

Deutsche

e Akkred hierungsstelle
0-7M 13169-01-07
Date: 2018-06-04 & . =N
olapfl Gruber

(({TI;AkkS
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Facility
Products Listing

Annual Registration Successful
Facility: FORT WAYNE METALS RESEARCH PROD. CORP., FORT WAYNE, Indiana, UNITED STATES

You have successfully updated your registration and listing information for 2018.

Your registration will be valid through Dec 31, 2018.

Be sure to print this page for your records.

The next registration renewal period is October 1 - December 31, 2018.

Registering your facility and listing devices does not, in any way, constitute FDA approval of your facility or
devices.

You may contact the FDA with any questions at reglist@cdrh.fda.gov.

The Owner/Operator Number for this Registration is: 1824313,

Facility Information

Registration Number:

1824313

Initial Importer:

N

Facility Name:

FORT WAYNE METALS RESEARCH PROD. CORP.
Address:

9609 Ardmore Ave,

FORT WAYNE, Indiana, 46809, UNITED STATES
DUNS Number:

Foreign Trade Zone:

N

Facility URL:

Other Business Trade Name(s):

Owner/Operator Information

Owner/Operator Number:

1824313

Contact Name:

Richard - Castaneda

Company:

FORT WAYNE METALS RESEARCH PROD. CORP.
Address:

9609 Ardmore Ave. , -

Fort Wayne, INDIANA, 46809, UNITED STATES
Telephone:

260 - 7474154 - 2106

Fax:

260 - 7470398

E-mail:

richard_castaneda@fwmetals.com

DUNS Number:

Official Correspondent Information

Contact Name:

Richard - Castaneda

Company:

FORT WAYNE METALS RESEARCH PROD. CORP.
Address:

9609 Ardmore Ave. , -

Fort Wayne, INDIANA, 46809, UNITED STATES
Telephone:

260 - 7474154 - 2106

46



& Medscope

Biotech

Fax:

260 - 7470398

E-mail:
richard_castaneda@fwmetals.com
DUNS Number:

Device Listings

Premarket

Listing e Product
Submission
Number U berType  CO9e(s)
MNI
KWQ
D179286  K980485 _—
MNH
Q027319  Exempt DZC
MNI
KWQ
D179292  K101070 NKB
KWP
MNH
D295790  Exempt LXH

Date of Initial Registration: 1977-01-07 00:00:00.0

47

Device Name(s) Activities
ORTHOSIS, SPINAL

PEDICLE FIXATION

Appliance, fixation,

spinal intervertebral bo

XPPLIANCE, FIXATlOdrzl, Contract
SPINAL INTERLAMINAL
Orthosis,
spondylolisthesis spinal
fixation

WIRE, ORTHODONTIC Manufacturer
ORTHOSIS, SPINAL
PEDICLE FIXATION
Appliance, fixation,
spinal intervertebral body
Thoracolumbosacral
pedicle screw system
APPLIANCE, FIXATION,
SPINAL INTERLAMINAL
Orthosis,
spondylolisthesis spinal
fixation

ORTHOPEDIC MANUAL
SURGICAL
INSTRUMENT

Manufacturer

Contract
Manufacturer

Contract
Manufacturer
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2.5 Metal Sheet :

v o, L™
INSPRE ERTTFI ) NSSHIN STREL 00,
Comesolly | COLD ROLLED STAINLESS STEZL. SKEETS CTION T CATB SHUNAN WORKS
IN cotLs Custismar Mma—m
Specifedize: ATSI HANUAL (1974) Shiser Colysde-te, Telch, Figes.
1 _NARUAL 2 s SEUNAN WORRS
X M W, Teads, Sesnnge-ad,
Tyee 1 ATEIIGA Camtract Na ! Qi Yonopuii-ivic, fopen
Naton ik 28 P - = it “Cartiests Mo Oete: 10, 2¢ , TO6
bulomere| ot | mm S Qe | Weight | Soticsl ot -
SR 2 i “-El!l:-hl i o 0,030, ':‘.’3
52 | alasssaenn | 0.3 X 1999 %€ 1 u.u‘m .68 0,74 2.920 9,019 3,95 18,02 i = ]
»
9 —
L 3
| Teu W s1ce
Tendle Teg a“ IE K 3 ™
Borgwion | gy .
1 (] —
- +£ 2971632 | 38 1
L
;
y #) TESY PLECE : ASYN L8, SHEET-JUPE
L 2 10s2" -
W heveby cartify ti: above statzesent b be tres sud eorvect
- Niswhis Sleel Co, Lo, Sharar, Works, gt
8830~11
E-11-0-2NDANA~267
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LEL]
Caviren Ba.
LR R
FATRLESS 113
— . WAaw |0 e . —
f"‘"‘ llsl-r;ln:: L Ll L] LEla b LT m. LR ]
= R
L t
LT e hpbia! Tamn a3
x 3 = # —
e | s s | P[5 ) W | o = -
™ [ e
AL roof Lums laes | Bgn Lidd o
= ry w [T um | @ | Ian
t aog (48 | s | odm fLa e I i
E: NAS STNELESE YUER. STEOF MPO. COL.LTH. SMIEA PLANT
FARERATS R ENIS
nmﬂmmmﬂhﬂ“hbmﬂuﬂhmmﬂm
T, ‘pateris mtialien O r aleserR
zim:ﬂ::#llcuulm.;mnwen!lumlummuh P yv——

2.6 Metal

WM B OE K

9

=

#) NISSHIN STEEL ¥

BEEERDN

E{ 2 AFILARDAE WNRNS
ase INSPECTION CERTIFICATE NISSHIN STEEL CO.. LTD -
& i _VAhUTITY RFIVRIVSL STAINLESS PRODUCTION DIV. SHUNAN WORKS
Cammod | 1y
allsmr 4 % / HEAD OFFICE
M #: JIS G 4305 (2015) B X F:_cavsuny 3374 / 3AFINADY T4 A0ky AN I AT il SN
Soecifieation ~ Shipper Tokyo, Japan
m”"“i! bk d (o91) WRENE / SHUNAN WORKS
ol o TTAE-8666 MOMMMTTIHNAYT 6
W ®:_sus3o4 ! BERTRSH : No. 4976, Nomuraminamimech .
Type A ot Shunan~Clity, Yamaguchi~Pref. , Japan
h d -25-0Q— - 5 TAB - -
HPG L BA 5.' tory-" ' 725-0Q-731-0948 RFEME A : j-17-25577 ke 2017 7 s
£ % & 2 (%) jcal ition in %
H L -rNo.| 31aN0. [E-INo + AE| BR % 2 £ Chemical Gmposition In
Size Mass si|Mn] P B N i Cr
Itar| Crate No | Coil Na |Heat Na « M) Quntity ° 2 5 3 X | B. 00 [18. 00
NO. (% lo.os|1 od2 od o 045 0. 03di0. 50 Po. 00
"1 | 7 v2310 Ne1529A 0.30 X 738 X C__ 1 0l 1. 67] 0. 030 0. 00g 8. 82 [18. 22
2 A /V K . - ! )
3
4
A ] Bl J/
ar i 378 COBALT : 0. 1-0. 5%
RN i R g : h
28 ;ensllc Test 0 | SSHR SR Coating Test Wi ™
ro.[§: h!’s’ %92 [ "85 | PF HV RULTHE R
| cernd NMM; N2 x @m | &/10m
NO. MIN
205 520 40
‘pr) zez| o | sa7] 62
2
3
) _ = 5 -
. e [ US— U S— —— .
A

00734-02
J-02-00-N20601-167

LEREXRIL, WTEOMSERIZ R THART SN, TOWRPAEREL TOB I LLHNLET,

We hereby certify that the material herein described has been

with the stalards

ed ad tested in

ad specifications specified by you ad that it satisfies the requirerents,

49
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3. Blister :

ok A AR ER R A R sachdmaso. [TEL : +886 2 2507-1251
SHINKONG |2 3 B T (AR A IR/ 8| RIBMEA FAX : +88622506-8047

8F., 123, SEC. 2
SHINKONG SYNTHETIC FIBERS CORPORATION| ' ' y
NANKING E. ROAD, |PATE : 20/6.10. &

PAN ASIAN PLASTICS CORPORATION TAIPEI TAIWAN NAMEI%%?SX{Z"?PS?

R EHA

M type SHEET:

Structure of M type Sheet

HHHHHTTTHINITT 10% PET (partial PETG + partial PET)
i 80% PET (100% virgin grade of PET)
HIHTTHITTITHNINT 10% PET (partial PETG + partial PET)

A-PET Resin to A-PET Sheet Manufacture Procedure

Z M (F ) -——— TPA(ME_F&) R EG (T =%

% 4
HOOC(C6H4)COOH + 2HOCH2CH20H ———— PET CHIP
(TPA/ H¥ -7 &) (EG/ z. =) (# %= 75 = 7 )
L 17 8

PET CHIP —-————— PET CHIP + PET ADDITIVE + PETG CHIP————— PET SHEET

(1.v:0.64) (1.v:0.84) (1.v:0.72—0.75)

ASIAN PLASTICS CORPORATION

50



@ Medscope:

Biotech

4. Silicone Grease :

- C0014247
Dow Corning Taiwan Inc - - Page
10F, No. 246, Sec. 1, Nei Hu Road Certificate of Analysis 1of1
R e Fax(Ship-to: 1065565) Date Generated
b 1 A8 1 8 4 223885346 07Jan2016
Delivery Number Item Number Delivery Date
8611100332 000010 07Jan2016
Sales Order Number Item Number Sales Order Date
s 56003 7236721 000010 11Dec2015
4 o 2 a0 Purchase Order Number PO Date
Fax: 2-6600-3199 C0151205
Ship-to: 1065565 Our Material 4109923
M. Inmg emily MOLYEOTE(R) 111 COMPOUND.200 KG drum
TAIREN (3AM) -
NO.2-38 KULINGLIN. GUISHAN SHIANG Customer Material
TAOYUAN 33373
Batch Shelf Life Expiration Date
0008436156 2252p2020
Delivery Quantity Date of Manufacture
1 100¢2015
P - Unit of Lo P P
wer Limit| Upper Limit
Characteristic Value i PP
BLEED GREASE LIKE MATERIAL 03 % 0.5
EVAPORATION GREASE 24H200C 09 % 20
PENETRATION (UNWORKED) 194 mm/10 170 230

This is to cernfy that the above designated matenial has been tested and did comply with the hsted specifications (with listed exceptions) when suppled
in anizinal container. The material 15 subject to the conditions listed on the Dow Coming invoice. The above is a copy of information on file. The lot
acceptance data are available for examination. This certificate is valid unsizned.

Tntermal reference: 2109923
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5. Dry PFPE (Lubricant) :

Bt

ForQ
Please C ith SGS
WWW.SQS.

AR5
Test Report

ERTRAF RRH AL L LR ]
FUMIO-TATWAN LTD,

4L F AT B4 05 1683548
5F, NO, 168, XIN HU 2 RD., NEI-HU, TAIPEI, TAINAN

waNo.) ; (E/2018/16835 8 %(Dute) : 2018/02/05 X #(Page): 1 of 12

RTHEESAUP HEGAARMEAAE (The following sanple(s) was/were submitted and identified by/on
behalf of the applicant as) ©

45 8H (Semple Submi tied By) T ERTLEFERSHM S (FIMIO-TAINAN LTD. )
#.5 5 M (Sample Description) 3 FUMIO LUBRICANT
HAUR(Style/Tten No. ) : FIMIO A-1080, A-1181EL, A-1258EL, A-1259ELF, A-1259F, A-1316, A-1316F,

A-1318, A-1315F, A-2089, A-2107, A-2424EL, A-2429RL, A-2430FL, A-2430HT,
A-3099, A-BOG3EL, AP-101, AP-101-2, AP-103-3, BM-357, DS-3308TH.
IS-3308THL, DS-3308THLB, DS-11THF, DS-11THLF, DS-11THLEF, F-8308TH,
FCN-5682, FON-5987, FI-8520, PI-8570, FJ-8520, FOS-SOMF, WF-800S, KD-1S
KD-1SF, MDF-1037, MZ-800SEL, MZ-1002, OS-SOMEL, (S-SOMELF, PL-1004,
PLIOO4F, A-, AP-, DFG-, DS-, P-, FON-, FCL-, FEC-, FG-, FGF-, FI-, FOS-,
FT-, HF-, EFD-, HLV-, KD-, L-, IC-, WOF-, WF-, 0S-, PL-, SLV-, LORIS L-

& # & M(Sawple Receiving Pate) : 2018/01/29
M N (Testing Period) : 2018701728 TO 2018/02/05

ML E(Test Requested) :
(1) ST FH/L 0 +2R0S 2011/65/FE0 Annex TTA XSRS (ED) 20I5/BEIMETAA -2 R - Sk FRWEL - SANYL
of, DEP, BBP, DERP, DIBP. (As specified by client, with reference to RoliS 2011/65/EU Amnex 1T and nmending
Directive (FU) 2015/863 to determine Cadmium, Lead, Mercury, Cr(V1), PBBs, PRDEs, UBP, REP, DEWP, DIBP
contents in the submitted sample(s). )

(2) reMX K0 LT —K . (Please refer to next pages for the other item(s). )

MM E (Test rﬂ—,\r $RTF — R (Please refer to following pages),

Signed for afid oneh
SGS TAIWAN LTD. ™=
Chemical Laboratory - Taipei

Thes ocsmes & asend by tho Corpeny stipc! 10 22 Geoems! Condtons of Zennce oroted

ownren!
g i sectons forest docurvents a2 Terrx e Concitions for Decieonc Docomwets o 12 b 3
drown D the rrtaton ot htaty on end o amo el rad thesen Any Soider of ormaron e Compary's
uhmaum ard Wi vt of chent's Fadrecion, 4 Tha O i 1-nc~n--n- doas rot
we from seeceng o m: -'.1. m’-‘ — W' -:"’3' gt T bl WEROLE prer wTEten cvﬂ!h
mmm Ul-mﬂ&m i”mumﬂmth_wlamwwtdhn
RN Tha Ceeits n wmvmvmhw
GS Tawan Ltd. & Mietks e & M a1 I:E“ =T F-P;jruhh_qt—ﬂﬂ.l!‘-l"jﬂ

Marter of w 565 Growp
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AR5
Test Report

ERTRLEF R RTA ML L LD T TR
FUMTO-TAIWAN LTD,

L F B M35 16858
5F, NO. 168, XIN 6U 2 RD., NEI-KU, TAIPEI, TAIWAN

waNo, ) : CE/2018/16835  a m(Date) - 2018/02/05 A #(Page): 2 of 12

ML (Test Results)
MRS (PART NAEWo. 1 ¢ dsmat (VIITE LIQUID)
P T
(T‘t‘;‘t. ) (&?) 3!5&?) o Gesuit)
es ens t (MDL) Yo.1
# 7 Codaium (C3) ke |$RIIC 62215 (2013) - AEAME 2 7T

CERTExAmRERL / Nith
reference to 1EC 62321-5 (2013)
|land performed by [CP-AES.

# / Lead (P0) ng/kg |$FIEC 62321-5 (2013) G AME 2 n.d.
SEETEnadRieRl / With
reference to 1EC 62321-5 (2013)
|land perforwed by TCP-AES.

F / Mercury (Hg) m'kg  |$FIEC 62321-4 (2013) » K AWS 2 nd
CERTEMAMREA / Tith
reference to 1BC 62321-4 (2013)
|land perforwed by TCP-AES.

#48 / Hexavalent Chromium Cr(VI) wg/kg  |#¥I1EC 62321-7-2 (2017) » xATV-VIS R nd.
M. / With reference to 1EC
62321-7-2 (2017) and performed by

UV-VIS.
ABRBFoRAMN EREMILORM | w/kg |$FIEC 62321 (2008) - L KA/ 5 n. d.
# / Bexsbromocyclododecane (HBCDD) W okRaM, / Vith reference to
md all sajor disstersoisoners 1EC 62321 (2008). Analysis was
identified Ca- HBCDD, S - HBCDD, performed by GO/MS,
v - HBCDD) (CAS No. : 25637-95-4 and
3194-55-6 (134237-51-7, 134237-50-8,
134237-52-8))
This SocsTws & aeoec by the Corrpeny sbect 1t Ganems) Condtiorn of Sernoe Droted oweres! mu’s o W g 2o
el for slectomc ormwt doousrarts, urom"cm for Clectznc Docemonts st L rosy W PRI
dremn 1D the mdaton of betaity m:nuamtwmm: :
Fh’ & e troe of 22 Pterveeton o mm-nmym-mr‘s’ Thae Co -Lumcnt-mm—m-m- o
from axecoeyg o e m-! gt 0 B wehor pree wrtten of the
mm‘--mhmn%lmmrﬁz‘mu lh&hmumammwbma the fdmat sodact of the kw
S5 Towan Lid & A e 9% 0t 0 & W lf‘.“n%m -.; n";;;;?,‘?"‘&“..‘,“"" Tope Oy, Temwer S8 € 100 52000 § 10 A2
! Mertier of e 505 Group
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AR E

®A&No, ) : CE/2018/16835 6 #s(Date) - 2018/02/05 R #t(Page): 3 of 12
Test Report
ERTRBFERMA ML S U TR TR
FUMIO-TATWAN LTD.
&1L 6 P AR AR08 58S

5F, NO. 168, XIN HU 2 RD., NEI-HU, TAIPEI, TAIWAN

MAE L™ MR AROM | s
(Test Items) (Cnit) (Method) ML) No. 1
$AMIME / Sum of PEBs we/ kg - nd,
—A® ¥ / Nonohromobipheny 1 w2/ kg 5 nd.
AW/ Dibromobipheny] ne/ kg 5 n. d.
Z AW / Tribroschiphenyl ng/ kg 5 nd.
=AW ¥ / Tetrabromobipheny] e/ kg 5 nd
Ei8W ¥ / Pentabromobi phenyl g/ kg 5 nd.
=MW / lexabromobipheny] g/ kg 5 n. d.
+ AW ¥ / Heptahromobipheny] e/ kg 5 nd.
/MW / Octabromcbipheny] we/ke | 5 n. d.
A RWX / Noostromchipheny! we/kg |44 1EC 62321-6 (2015) + st &in b #F 5 n. d.
+ %@ ¥ / Decabromobipheny me kg |/ Wbk, / With refersnce to 5 nd.
FAMAMMP / Sam of PEDEs me/kg  |TEC 62321-6 (2015) and performed - nd.
— AW ¥ / Yomobroeodipheny] ether wg/kg  |by GO/MS, 5 n. d.
— AW Y8 / Dibrosodipheny] ether ne/ kg 5 n. d.
ZAW¥a / Tribrosodipheny] ether ne/ kg 5 nd.
wikW¥s / Tetrabroeodiphenyl ether e/ kg 5 n.d.
EMW ¥ / Pentabromodiphenyl ether e/ kg 5 n.d.
~ MW 48 / Bexabromodipbeny] ether ne/kg | B n. d.
+ AW ¥t / feptobromodipheny! ether ne/ kg 5 nd.
AW ¥t / Octabromodiphenyl ether e/ kg 5 n. d.
» MW EL8 / Nooabromadiphenyl ether e/ ke 5 n. d.
1 AW ¥ / Decabromodipheny] ether ne/ kg 5 n. d.
This Socumens o swoed by the Corrpeny wtipct 33 & Ganeer) Condtons of Sennce Srmied overios! on Teguee o iy . or
:5..!2‘:’.’:.".‘:"«'..,.. FoOTTHI Atk G gl iion s arveed et Sy ek ot Tih St St Vb et et Tose s -l.amcm':
ey e P bl L B e e e e e L e
u?“}"ﬂ’ “:::m:mmfn :::lfg_vb;‘m !-;”mxlM-dwwb#::\ﬂdm!ﬁﬁl-!wlullhw
R L L N o~ l_}%'“"" .:E'&':;o’ﬁarﬁ”; POy S LR SRR R

Marter of e 505 Group
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pUECE T
®ANo.) : CE/2018/16835 8 m(Dute) - 2018/02/05 R #t(Page): 4 of 12
Test Report
ERTREFRREH ML TR e ]
FUMIO-TATWAN LTD,
16 M WIS 16835

5F, NO. 168, XIN HU 2 RD., NEI-HU, TAIPEI, TAIWAN

MRS La Mk H A | axB
(Test Items) (Onit) (Method) ML) .1

WE-_TRTEYS / BBP (Butyl ng/ kg 50 nd.
Benzyl phthalate) (CAS No. : 85-68-7)
F¥-v&=78 / DBP (Dibuty] ne2/ kg 50 n.d,
pithalate) (CAS No, ; 84-74-2)
F¥-—vm- (2-oL % %)% / DERP w2/ kg 50 nd.
{(Di- (2-ethyihexyl) phthalate) (CAS
No.; 117-81-T)
EE-_VR-_RTS /DIBP (M- e/ kg 50 . d,
isobuty] phthalate) (CAS No.: 84-68-
3)
w¥-_va-_gom / DIDP (Di- w2/ kg ) 50 n.d,
isodecy] phthalate) (CAS No,: 26761- $-4IEC 62321-8 (2017) » <t RAw A f
40_0; 685l5“49‘l] “/ "ﬁ&m, / 'l‘h refcl’clx:e to
SE-TR-RAim /DN Oi- pocr IEC 62321-8 (2017). Analysis was %0 =
isonoay] phthalate) (CAS No.: 28553- et b S
12-0; 68515-48-0)
WE-_TR L F& / DNOP (Di-n- ng/ kg 50 nd.
octyl phthalate) (CAS No, : 117-84-0)
EE-_TR= 8 / Di-n-pentyl ne/ kg 50 nd,
phithalate (CAS No.; 131-18-0)
FY¥-—vy®w-Lco.& / DNXAP (Di-n- g/ kg 50 nd.
hexyl phthalate) (CAS No, : 84-75-3)
g¥-—vm- (2-vRELE)8& / DNEP | wmg/kg 50 nd.
(Bis (2-wethoxyethyl) phthalate)
(CAS No. : 117-82-8)

mm--muu-cmmﬁnau-mammwmmua -

o P e s L e e s Coraeen b e D e e s

:-: unmaurm-:mr md::l;’%;:;::ﬂwnr-rcw l-: .n-‘.-vueo ~ =12 ug‘:‘;ﬁ:;m;’mcﬂlm

[= " anmumamm e orosecsed 10 the At scdect of the lew
'm"uhwhmrmvwd-wwmhw o

GS Towan Lid, & MEGH R RGN L r,J”' g T Mo o T st P, W D, Mo ¢ Teom Oy Tewer 20 A0 KLASNE N 2w
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AR E
Test Report

ERTREF RREA ML S L LRI DI T T ]
FUMTO-TATWAN LTD,

EAFNAE A= 1685 %
5F, NO. 168, XIN HU 2 RD.. NEI-WU, TAIPEI, TAINAN

w&No. ) : CE/2018/16835 & M(Date) - 2018/02/05 R #t(Page): 5 of 12

migeris o Wi s.&:: (R::lt)
(Test Items) (Unit) (Method) L) .1
&% () / Nalogen-Chlarine (Cl) we/kg | $FEBS EN 14582 (2016) + <t 4 A #F 50 nd
(CAS No.: 22537-15-1) ha#. / With reference to BS EN
14582 (2016). Analysis was
performed by IC,
&% (%) / Halogen-Bromine (Br) ng/kg | $FEBS EN 14582 (2016) + sA AT A #F 50 n.d.
(CAS No.: 10097-32-2) ¥, / With reference 1o BS EN
14582 (2016). Analysis was
perforned by IC
S B FHEM / Perf luorooctane w/kg | $AUS EPA 35500 (2007) - stk s A 10 nd.
sulfommtes (PFOS-Acid, Metal Salt, ¥/ Wk, / Vith reference to
Amide) US EPA 3550C (2007). Amlysis was
perforned by LOMS,
S8 F8 / PPOA (CAS No.: 335-67-1) ng/kg | $FUS EPA 35500 (2007) - sk A 10 nd,
/WA, / Vith reference to
US EPA 3550C (2007). Analysis was
performed by LC/MS,

#=(Note) -
1. ng/kg = ppa & 0, 1wt$ = 1000ppe
2. n.d. = Not Detected (kied)
3. MDL = Method Detection Limit (% & RMEMRE)
4, "-" = Yot Regulated (SMe&4)

PFOS$-#4 W e (Reference Information) : #HA ¥ 4S5 % POPs - (EU) 757/2010
PROSRAEAH R EZNRT £ 880, 0015 10ppn) » A F KD - R SESHN ¥ 3880, 1%5(1000ppn) + HA5M S &%
Rttt cis8siyg/nt -
(Outlawing PFOS as substances or preparstions in concentrations above 0, 001% (10ppe), in semi-finished
products or articles or parts at a level above 0, 1%(1000ppe), in textiles or other costed materials above
lug/m*.)

Thea document 3 ancad by e Conpery stiact 1o 42 Geceny Condtora of Zenca primted oweres!
-, umo"w -egmfnmn(mnmtm:bxmi Joar el s

8L ' ra -

druwn o e 2 e Sl red theese N"- E Cu!p'L'l
uhwdhma ndmné;mda-tlmrxwl wlnm‘: o 42 o Ot ord thee doew ret
i —t-gd-.ht atcagt i bl WEDOE FrEE wrtten aectovel of the
m h-m of thex docs ia and cerders Ty te prasecsed 10 the Sl sodect of the e
wniad e Jemits I-wunmynonﬂﬁlm

SGS Tawvan Lid PR AL S L S T BN ‘n%m% a“m ‘;)MHME‘ -:ﬁ.‘-”t“"“"‘"a
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AR RE
Test Report

ERTRLEFRREAML S LD LB T
FUMTO-TAIWAN LTD,

L MBS A5 16885%

5F, NO. 168, XIN AU 2 RD., NEI-KU, TAIPEI, TAINAN

waNo. ) : CE/2018/16835 6 M(Date) - 2018/02/05 A #(Page): 6 of 12

{ Analytical flow chart of Metal
RRBOTRARTCAE BELEZFEN . (A RENET 2T
These samples wene dzsolved Wotalty by pre-condBoning metnod according 10 below flow chart. | Cr™ test metnod exciuoed |

B iR L2/ Technidan - JRWang
B AR BaR Supenvizor Troy Crang

| 4 X444/ Cumng - Preparaton I
v
I SUE L2 3 Sompe Measurement I

|
| 40 PO Ca's Ho | # @i GV

ERAERACREL TR : L
Acid digeztion wen micowave ! hotpiate | i & A/ Norrmes I | A My

v ABSIPCIPVC | % NiOthers '
| 44/ Frstion | # 288 [ Boing

| MEATN( & 150160 T
§ 1 DHzzchving by ##. ) Digestng
150~ i
[amismn ][ aaimeme || ot [] wmar || sqnsasss
‘ digestate through
SETCHE TN (T N “nar
1) st /Al fusion TR Separating b get
2) PRBM/KCID dzsohe Digesting at 50T aquacuz phaze ¥
Dy utrazonicason A BAMMA
Add diphery-
1 + 3 carbazide for coior

deveiopment
GARSERIEEN AR CEAS | [ wamimame | -
L] HUWNVIS EN8
oo § A NN L / Acd dpheny- A% as 580mm
Ccbazide for color development % &R ) Meazurs
‘ e dzorbance of
540 nm by UV-\G3
AUVIE RN ASAS SO
A 7 Meazure the absordance
at 540 nm by UV-VIS
This SoosTws B anoec by the Corrpeny abect 1t Ganens) Condtorn of Seanmon Demied Dve el on “7 ¢~--. { 3
wrel for siscionic oemt doousracts 3 Tesrm e Concitions for Plectane Docemonts o L ﬁ‘mru
dremn © the erston of htaity on e m:rudw!mnmw*?—mﬂﬂulmhdu—mmw rflactx e Corrgury's

‘ht «f Hw troe of 23 rharveeton coly end arthe the brits of Chere's rutracaon, f Tha Co Th-!-n"dlwﬁtum-ﬂs*rdqm -
wu——z—-gdhtxfamasqn’-mhlmv:oa“ -“;M ba neprochuced, acagt n Bl wehour pree wrtten epeovsl of the
C:ﬂwx’ reutscroad warston 'vw‘;!nimshw Hix cocumant s Lriewtd and cMiendera Ty be Srosecsed 1D the Admat sodact of the kw
-m’ wated tha mests stow! Imvmm-myln:ﬁ-mlhmﬂ
ln *nw;um-:q- Tepm O Tewe FL0  SAFIQMT N 02
W W

ISR L L 1 Sk LB n-n"gmim '—ac.nnmo:m'
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AR L
Test Report

ERTRLUAF R RATH AL S
FUMIO-TATWAN LTD.

EEF NAE M58 %
SF, NO. 168, XIN BU 2 RD,, NEI-HU, TAIPEI, TAINAN

waNo.) : CE/2018/16835 g M(Date) - 2018/02/05 R #(Page): 7 of 12

B = 1 Analytical flow chart - HBCDD

.

B AR - Fay Technician: Yaling Tu
B NEAR A RsR / Supenvisor Troy Chang

# 28R 1% | Sample pretreatment
|

# 2 % B Sample exvaction /
# § & ¥ ik Ultrasonic method

‘

XRonksminm /
Concentrate/Dilute Extracted solution

:

Eiamg |Fiter
|

LANEN/INRATE |
Anzlysis was performed by GC/MS

'
#34 /Da

Thes Socament 3 waeed by e Cormpeny stiect! 12 2a Gonem Condtons of Sanace Srivted Dve et
W, o sisctomic Soevet docurmects, 2 Tasres erc! Concitions for Blectonc Docements of D
mm:mmvdmnm £ e Lradcion s Selred thersrn. Any Sccee of S

o1 s e of 43 Foacverton Sely eed Wit the Smts of Chat's taetrecion, f Th-g:a.f-n.?q-t-bﬂui
a:g-r. 3 wecagt

fom acexieg o e axd ctigetoms under e trwecion
mkv wraitscrond eharwton Iuw‘:luimdh.mu :l-:-mum;mm-wupmtmnunawtuumn
Eaiad tha reests sowr B ot regoet efue oy 1o the |ttt
R T T T "I‘n m ‘f_‘“rm}““%"—a'-"f"n"‘-‘* e
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AR E

Test Report

ERTLEF RIfrHAn s

FUMIO-TAIWAN LD,
S 6 MM AT I3 16835

5F, NO.

®aNo. ) -

CE/2018/16835 g % (Date) - 2018/02/05

N #(Page): 8 of 12

168, XIN HU 2 RD., NEI-EU, TAIPEI, TAINAN
! Analytical flow chart - PBBIPBEDE
B A R C gm¥ / Technican: Yaling Tu
B A A R [ Supervisor Troy Chang
UANRE T [ FIStesting DO e
EIEN BN T [ Optonyl SCreen process ssssse s
Hii# 5 / Confrmation process — . — .
[ Sampe/ #.2 |
¥
| Sampie prevestment | # S AW |
r-lll.ll....Illll.l.lll.l.ll.lll.llll.l".
H| Screen analysis | i 4 & |2
:..Il..'ll.'...‘l.". ...-l.'...l...".'Q'=
i
Sampie extraction # = §wd
Soxhist mathod # 2 Kk
-
ConcenmrataDiiute Extracted soiution
Frstminn
v
| Filter/ Eansad [
[
| GOMS/ Aiuk b 7 |
mml-ﬂhb-meﬁtntucmummmu »m"c-‘-: .-. e s

1o slactone forree

z-nna-m =f hatwity

2 Terra sred Corcitons for Dectzne Docoments of g b

N e Arascicn aese delmad theesn An-ao:e'

: ﬁocmryl

o e tme of £3 rtarveeton ooy Bnd weue She bretx of chere's Futracion, lv mm--.umnmx-wsmm-m
wm-mgl&- undec e ‘l:vn'.lm Wrtten £ au-

m

trCroad eaeston
u-su--—mmfr

S Toawan |

L

-
o I-Om

R Ll

15 corters o of ix cocomant e uriewtsl and cfenders
n-uaupmmmywm-w. eox o

Sromeczed (0 (e fdes! sdest of the e

75 W O T8 Mt N T s Pk, Wi B Dhesct S 7 Towe F1 0 rass t
LU &lm-n?;m:m T T017230 T2 : m—:‘ - i e

W X
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AR5
Test Report

ERTREFRREAMRL I
FUMIO-TAIWAN LTD.

A F NAE VA58 %
5F, NO. 168, XIN HU 2 RD., NEI-HU, TAIPEI, TAIWAN

®ANo. ) : CE/M18/16835 0 m(Date) : 2018/02/05 A #(Page): 8 of 12

TesswasE | Analytical flow chart - Phthalate

B AR &8s | Technician: Andy Hsu
B ot ikA A AR /Supensor: Troy Chang

[ M % i /Test method: IEC 62321-8)

#AaRgg® |
Sample pratreatmentiseparation

#Aa THF s st RER /
Sample dissolvediextracizd by THF

'

ERARE
Dilute Extracted solution

:

ERLE g § 2 T

Analysis was performed by GCMS
The Socurmant @ maced by the Conpeny stipct &t Games! Concitora of Zanece Dreded oweriee! mw-a o TeiaTe min
e Vo slectonc ﬂw:&eu?m'ﬂcmhtmmc:kxmd'-“w s = ABasior o
duwn © e of htaity & e defred theesn. Sociee ot nc.urpql
nv-u-uvan-m “Mﬁ mﬁ:-v l'-mf :-W &T ot Ml B does rot
z-am Broen s - t rder e . - gsn - - q-l‘;'-;:mpu
mm amcmrnmn hmumammw Sroeecsed to ‘u-nm-mm-n
ﬂﬂ”'—lu 10 et report onfer ooy fo She Aoad

S5 Tavwan Lt & maesn s 4| R e O e 141 S0 B 28
Merter of T 305 Grup
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AR E
Test Report

ERTREFEREHA AL

FUMIO-TATWAN LTD.
CERALEC] T E R A0 T

5F, NO,

2‘.”.2:2;:”'

Hzted e eeuts

168, XIN HU 2 RD,,

wra, bor
mmuuh‘nv:’lﬂ on e

cram “mﬁnhmd:-!-m m?ﬂ-! 2x Omet ore o
-n'gi'.’-' mdgﬂam

®aNo, ) : CE/2018/16835 g #(Date) : 2018/02/05

NEI-HU, TAIPEI,

gEs M ARE [ Analytical flow chart - Halogen

TAINAN

B mjui A A : 3% [ Technician: Rita Chen

B U i# A RESR /Supervisor Troy Chang

LA £ 102
Sample pretreatmant/separation

.

E3 2.3 2 X O8N Y L
Weightng and putting sample in cel

-

L2 L £
Oxygen Bomb Combustion / Absarption

‘

L LEES. §
Dilution to fixed volume

.

RFRFERTE |
Analysis was performed by IC

"um--una.tmmm,:ibh-.-cwmdm”cﬂm Teqam o e

= T e Conone for Eweione Docomwets of Lo to T KHa
m—-ﬂr—ﬂf-ﬂ ucmfw mcﬂi.ﬂhﬂmw‘#— he Cormpary's

SGS Tam

K (Page):

10 of 12

t-lvw!m-mylb!f-
i@ 'ng-mmu- --u-vnmnn-nh'—:q Towen FL2 L AU FIRMMT A 2

van Ltd & B et s R4

IDY 14450 LO0%0 )

does
TEFTEICHG, MECHEE 1 bl WIS SrER Wit EEErove o the
smmmu:mmnmamm—qbp—mtnmmlwunmn
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RRRE

®ANo.) : CE/2018/16835 o M(Date) : 2018/02/05 K (Page): 11 of 12
Test Report
ERTREFRRETARL S LR T TR 1T
FUMIO-TAIWAN LTD,
G NME WA 168855%
SF, NO. 168, XIN HU 2 RD., NEI-HU, TAIPEI, TAIWNAN
FREBISAENFNSHARE | ical flow chart - PFOAPFOS
B WA R ERYy /Technician: Yaling Tu
B i #® A BER /Supervisor: Troy Chang
# 2 & & 17 / Sample pretreatment
'
MERARELR /
Sample extraction by Ultrasonic exraction
{$-# % i Reference methed: US EPA 3550C)
v
XRuamming |
Concentrate/Dilute Extracted solution
.
A Wk X/
Analysis was performed by LOMS
]
#4 /Daa
T B e
um‘uhu—u:tmﬁm: “::::: hﬁgl:lr-rm 1&‘2&“-“? =ic e :‘;:EI;;WFG:& —;"‘

m_::-gdh' mmmhl
na?" of Sex documant s uriewtal and cVondions Ty De Seoeecuind (D the St sotert of the ew
X e Temite ul-ﬂwmumylnhm‘-

SCS Taowan Ltd s s tRed Ao lnﬁ\‘h\;‘g,h-‘g——'a*\ﬂm-;-'—h Towe FILSAEIQME N e
Marter of e 365 Growp
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@thamt@pe

Biotech

wﬁﬂ% A (Page): 12 of 12

aNo, ) ; CE/2018/16835 8 M(Date) : 2018/02/05
Test Report

ERTRUEFRRTAML S
FUMIO-TATWAN LTD,

G 6 M MBS I5 68858
5F, NO. 168, XIN HU 2 RD., NEI-BU, TAIPEI, TAINAN

FRAT A ERART  MEFATYERMNZIEL/S0, *
(The tested sample / part is marked by an arrow if it’s shown on the photo.)

CE/2018/16835

o BE8E (End of Report) &

mm--uqumwmu-a-ma-mvmmw st—a o W s=rheriTem1s et Cooct s s

wrcl, for sectone Soerwt docurments. sutyect 5 Tasr end C s = KHerdor &

dwwn 1 e of tany o Ar"- Cormpary's
mﬂud.ma “mhmun-tu-m * w--—w-unc-:nm

un-,qa-n under e - nmmwm vl o thw

—ay to 10 foa Sl modant af the ew

Lrmutscroad X o (el ficaon of the cortart
enind o semits n-wm-mymhﬂ&mm

Tawar L. & M wwmesn st 0 | B S P e 07 e % e R B
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( ) BRI RZWRRPL
Plastics Industry Development Center
Verification Testing Laboratory
Analysis/Test Report

Articles : Dry Lubricant BM-357 Assignment No :  105A011-K210371

1. Sample Description and Study Verification

Plastics Industry Development Center

Product Safety Data S heet
Campuay Nazw © FUMID-TAIWAN LTD Naic o,
o SE.NO 168 Xin e 2
oad Nex-Hu Teipei Taive
Samplo on And Verification lnformation (Provided by Customer)
Mt | FUMIOIMSST | Shecnl. D P 2 Tug W Vet
Foodxt Appeesmer.
Lt ¥ Sl gt [owda, Colar | Sempeacion, ik nhin
= [ Joapards. Ouber
[ " '~
TS oot T L R W T S
Seerdy G-“. o 0% Akt
CFO Srilpdhoo (Towpessay L Tees____zm)
0w

T Firgninr kg, Sihae__ wud (Nonphme ot | prevade saface awe___pr)
Podit Appesny | Chmgabeshge Vg 3

py
Sk Cormprres |
[ Pronaded by Comoeeacr | Teege T~ ——
Erow ret Condtionr Extrm tom Sedvwe )
’,m.

D romcr wifd the 1k o w0 Deetsas thort s (- 43)
Soupe of Madal [ eemcs wih s v isactns axsdeasss heg-berm 30|
Vv The bt Line L
M-naunim

Samigr Ceadbon o Cb Cid -
® Tised ce the sogumcamcnl ol 1S 10993 i thee rendd pf Erabaardy e wow prowsst
wmwhmwbhhhwhm
= vem ymzmckavion evh For prwert seed S tent crmber s georided by
ointnrrss snd exun ot e abes pacd by castmaane

goa . tﬂ 1 The sxmed tor cumace be tewind il deee b oo (47 cdan |

VTLONI0M

L)

ANEPYELAI TSI BR g iwaw plide ong 1w
No 190 Sah R, Tachung Indusirial  TEL (O EXISH- 5500
Pack, Tomtiang, Taiwm, ROLC, FAX )23 59-5RRS

o4



& Medscope

Biotech

() TR IRERRERL

Plastics Industry Development Center

Verification Testing Laboratory
Analysis/Test Report

Articles : Dry Lubricant BM-357 Assignment No : 105A011-K21037281

SAMPLE DESCRIPTION AND STUDY VERIFICATION

Plastics Industry Development Center
Product Safety Data Sheet

Compuny Noaw FUMIO-TAIWANLTD Dede 00013

Addcess SENOLLOK X B 2
Road Nei-Fu, Taped, T
Saupla Description Anid Verification llfmtbo (Provided by Customer)

Prodat Neess vy Lubmicars TIM-357
W | bag I Serde

Modet FUMIO S0 357 | Shend D i
. — + Liche
LaNa :Ndwzm Uy ¢ Sangemiom radiy nhae
' L Jsownge, | Cupaade. Orbur |

.h Ne

LA bove | Tornp L Tirse Jen)
Scnde - LRy« W% Akekd

[EOSmiesnn(Insperaner __ ( Twe ___gin)

L Oxber

[ Blepd vhape. (hickaevi,__ tam (W0m phm: sy © [NOable wafiee swe_ cor)
oot Aggwaceace: | [ lnogeds skape weige g

B Sogeana by sam
Mot Ciwwpanent - Hrdrellacsoe iz Fleercadiiiaes —

[ Paonaded by Comonss | Texye. T+ weer
Exencten Condieem Exvasthn So )
sy Frix
.‘uu\coﬁnuru:uumhvnlnl 4
Scope v Mokol [ ommet wih shis on o s peradrenes Ko waw |- 9y)

B The krgesi se - -

L Jipiwe e C-MM;-\

Saoenge Condgn -nnlq-u Chet  [Ofur:
® Buiod s e rogaatmmd o S0 10983 1l the sowil ol eruemmbty el s (v eiomd
D cxmmoiity poretinl (e poetest st by e el wting sh i srites
and kie e tras Foy pootad aved the bt wrples mw proaided by
ooy wad et cont w abes pad ba coucomeny
Ferech: . ﬁlw 1 The smeml Aot cxmwt e desknd f these i 9o pH vahe

VTL-OR ) a0

AEPTHLE S E23RB 1998 daplwwn pdo e 1e 2
No.EY3, S8 R, Tukchmg Indsstrial  TEL (04)2359-5500
Park, Taichung, Taiwas, RO C. FAXI(04)2359.53881
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@ o BRTRZWHRRPIL

Plastics Industry Development Center

Verification Laboratory
Analysis/Test Report

Articles :  Dry Lubricant BM-357 Assignment No : 105A011-K210372S2

SAMPLE DESCRIPTION AND STUDY VERIFICATION

Plastics Industry Development Center

Product Safety Data Sheet
Coczpasy Nae | FUMIO-TAIWAN LTD Duic 1818
A SENOTES Xin bre 2
Road NesHu Tepes Taiwen
Sample Description And Verification Information {Provided by Customer)
Prodas Ness: Dy Lebeicant BM 257
Package - bay I Setiz
Maow PUMK 1137 | Maraf T Coes Dhther
Pt Agrawaace
Lot Na (8ebd ..-d M Colw © Sespanean, weloy whie
Lh, L Xopake. Otcr:
| BN
CiAsecae | l-qnn L &,
Serde eBay + LI Aeckal
[JED Skcridoaron | Tecpetas Lli=e _ma)
[ JO0ter

[Megaie: dupe, fastom__ ven (Moo-phaase obger : runide sachos was __rar)
Prodwes Appewance | Climegas e, meighe___ g

il v
l_,hmhi ¥ (‘mmnnq Tr e
Earsction Ciadinm Evrmtn Sahves )
WEy HDC
I oozt nh the Wb sacemm racaoass tham s (4 )
Sompe ul Meckosl (00wt 1 v (o or remoous soedeaes ag e (@)
fenee Thee bnnger thue hn
| bepharbie zodoal dv i

Samage Cradiive Wices Teepawee | Dah. [ J0de
& Bised co the terpiersat 0T TSOL 10933 11 (he tonodt OF pytedudaity sl v poesen!
manmummbwh&rmpmmm
ol o M Lh s For puetess el e il gl e poonided by
evarsrum aad roy coa ar wlko pead by caraesen

e H M (The srzzml weut ezt be wased of e 10 w2 pH vake

.

.

SignanureTate:
VILOM) b4

ATETFRLRZEWSI93E I www pidc org 1w
No, 193, Sth Rd., Talcaung Iodusieldd  TEL(O372350-3500
Pard, Vot brang, Tuiwan, ROC, FAX{ 0213595888
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@ BB TREEGRRPN

Plastics Industry Development Center

Verification Testing Laboratory
Analysis/Test Report

Application No :  105A011-K210373

Date Tested : 2016710 24-2016/1 1118

1. Sample Description and Verification Information

Plastics Industry Development Center
Product Safety Data Sheet
Crages Nan TUMKMTAIWANLTD Pew ey
oy SENO RN a3 ‘
g

%IM by Customes )
Frakat Vs T

hntol FUSEO OS] | Shiied e | ratage E_:: 0 i
-——?, —-‘————-—o--——.-._. -
Lot % I Caidd g _Prvda ol | oo saly vhe
¥ 47 D hemge [ Eguds, Sotas

Pi* L™

R T | — ¥ ‘
s iy s CPo%

L L T T — .
PR T— | cother, Piwwvaitare = ———
L Peidally Conut [Ty T -
[E T R Eremopm S )
L

r.:---on-u---—u-“a ity
Voo o hak) Xamarr vt dew w weeoony wwwdenes by boe | A
ot MNebmgwbor W
 Josbewidia wmtial b

by svmaoncay posem sl Co Jrovevt mrwt be dowe Yol Varbig de s an
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6. Spring :

www.sgs.com.tw

. =Y
BB E
Test Report
Jo e Ay RS e e e
FERINOX CORP.

WEFIGEE R b —R1805

NQ. 180, SEC. 1, MEISAN RD., DAXI DISIRICT, TAOYUAN CITY 335, TAIWAN (R. 0. L.

5N, ) : CE/2018/38600 8 M(Date) : 2018/03/31 BE#(Page) ' 1 of 7

LT AR B e b BB AT R 28 (The following sample(s) was/were submitied and identified by/on
behalf of the applicant as) :

B ECH (Sample Subnitted By) T mEAeERAE RS (FERINOX CORF. )
#5548 (Sample Description) + STAINLESS (F354842)

B AR E{Strles/Ttem No ) : 304

{4 3 B (Samplie Receiving Date) : 2018/03/26

B Ee M (Testing Period) 1 2818708726 TO 2018/08/31

B E £(Test Requested) :
(1) kA HE  $HTR0HS B 42011/65/E0 Annex TIRI3%48 ~ 48« R~ ol 4%, (As specified by client, with
reference to ROlS Directive 2011/65/EH Amex [l to determine Cadwium, Lead, Mercury, Cr{VI) contents in the
submitied sample(s), )

(2} EHEAEE BHTETE - 2R ERHE - A5 £~ 8 - s, (As specified by client, fo tost PFOA,
PROS, Hatogen-Fluorine, Chlorine, Bromine, lodine contents in the submitted sample(s).}

R (Test Results) HAEMTF— ' (Please refer to following pages).
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AR E

g% (No. ) : CE/2018/36600 8 #i(Pate) . 2018/03/31 ek (Page) ; 2 of 7
Test Report
R ERGA RS IR B N E M R TRIR
FERINGX CORP.

WEFARE &L~ RIS0%
NO. 180, SEC, 1, MEISAN RD., DAXI DISTRICT, TAOYUAN CITY 335, TAIWAN (R. O. C.)

M2 (Test Resulis)

B3R (PART NAMENo. 1 P s A4 (SILVER COLORED METAL WIRE)

! . FE] &R
MEAR B REY % EmEAA | (Result)

(Test items) (Unit) (Hethod) (HDL) No, 1

£5 / Cadmivm (Cd) mg/kg |44 IEC 623215 (2013), M Eie4dER 2 nd.
B R4 R AR R, /4 With reference
to IEC 62321-B (2013) and performed by
ICP--AES.

£ / Lead (Ph) me/kg |84 150 62321-h (2013), mk @4 Ef 2 o d.
RBP4 fitginm. / Vith reference
to IEC §2321-5 (2013) and performed by
ICP-ARS,

F / Mercury (Hg) mg ke [£#FC 62321-4 (2013), sk AEme g 2 n.d.
B-FE A &SRR, / With reference
to RC 823214 (2013) and performed by
TCP-AES,

=M / Hexavalenl Chromium pgsem® | A4 TEC 62321-7-1 (2015), sUV-VISik 0.18 n.d.
Cr{VI3{#2) @, / With reference to 1EC 62321-7-1
(2015) and performed by UV-VIS.

P RERSE / Perfluorocctane wg/ke | &AUS EPA 3550C (2007), stk /¥ 10 nd
sulfonates (PFOS-Acid, Metal Salt, spdgnl. / With reference to US EPA
Amide) 3850{ (2007). Analysis was performed
by LOZMS.

2 f.FER / PPOA (CAS No. @ 335-67-1) we/keg (&-#US EPA 3550C (2007), st/ % i nd.
AR, 7 With reference to US EPA
3550C (2007), Analysis was performed
by LOAS.
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RRE
Test Report

IR Fio D A B
FERINOY CORP.
WETAORE AL H—B80

®ag(No. )

. CE/2018/36600

g #(Date) : 2018/03/31

NO. 180, SEC. 1, MEISAN RD,, DAKI DISTRICT, TAOVUAN CITY 335, TAIWAN (R. 0. C.)

T BT I

H#x(Page) : Jof 7

WA B B Mk il ol

(Test ltems) (Unit) (Method} CIDL) o i
&% / Halogen
BE (#) / Halogen-Fluorine (F) (CAS | wg/kg 50 n.d.
No.: 14762-04-8)
#E {(f) / HalogenChlorine (C1) me/kg SABS BY 14587 (2016) » BT R ES 50 n. d.
(CAS Mo, : 22537-15-1) 7 ’ TR AR

. . #. / With reference to BS EN 14582

Bd (5&) / Halogen-Bromine {Br) (CAS | mg/ke S . 50 nd.
No.: 10087-32-2) (20818), Analysis was performed by IC.
% () / Halogen-lodine (1) (CAS ng/kg 50 n.d.

No.: 14382-44-8)

#3x(Note) ¢
1. mg/kg = pom 8. lwi% = 1000ppa
2, n.d. = Not Detected (Ri#H)

3. MDL = Method Detection Limit {F #fAMHBIRE)

4, (32) =

o, A lBSE R A0 13 ng/en? s AR AR &% B4, / The sample is positive for €r(V1) if the
Cr(V1) concentration is greater than 0,13 pe/cm®, The sample coating is considered to contain Cr(VI).

b, F B E A d GEEARO 10 ng/em’)  AFEREF SRR, / The sample is negative for COr(VI) if

Cr{V1} is n.d. (concentration less than 0 10 ug/cn®), The coating is considered a non-Cr(Vi} based

coating

o ERESERAR 010 & 0,13 pp/on? B BEARELET 4% 84 / The result betveen 0. 10 pg/vo’

and 0. 13 ug/cn® is considered to be inconclusive - umavoidable coating variations may influence the

determination.

PROS4 & H i (Reference Information) : #AMHFMF Rde POPs - (ED) 757/2010

PROSIL A 26 3 o 3 4 % R AEAS38 0, 001%(10ppn) + A 5 A &%~ B5H T84 T R A0, 1%(1000ppm) » fL 458 3

AME TR blug/mt -

(Outiawing PFCS as substances or preparations in concentrations above 0,001% (18ppw), in semi-finished

products or arficles or parts at a level above 0. 1%(1000pps), in textiles or other coated materials

above lyg/m®.)
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PR 5 .
wakNo. ) : CE/2018/36600 B (Date) : 2018/08/31 54t Page) ; 4 of 7

Test Report
Ja, 8 A A R A
FERINOX CORP,

BETARE K L EIB0K
NO. 180, SEC. 1, MEISAN EB., DAXT DISTRICY, TAOVUAN CETY 335, TALUAM (R. O. C)

RS A

F 48 % aW [ Analytical flow chart of Heavy Metal

BEM T RERLEE  FHERLEE - ( A SR AT R )

‘Fhese samples ware dissclved totally by pre-conditioning method asgording to below flow chart. { O test method excluded )
® AR 5% Technician  JR Wang
B OBELE ¥ A HRECH / Supenvison Troy Chang

i W B A/ Cuting - Preparation ]
X
[ F A& F ¥ | Sample Measuremant 5
1
| #cikis Grivii
£ Poig Ciliz Hg
LA R R 1 A [ weaiernes | [ enives |
WE Huip AT
Acid digestion with microwave / hotplate ABS f PC 1PVC l Faedi K iOthers ¥
‘ o 3 { Bolling
é?*"a éﬁ.ﬁﬁ#ﬁﬂ & 1/50D~160°C Tl water extraction
i iHe st sedving by it / Digesting at
{ %3l / Filtration ; it il +
g § 3 ¥ ¥ AR BRSS!
LBOTH TR AR I8 i 1
:-‘éi!h tD(ga;i%g at ﬁégel aéi}a};;ﬁsmg G, fites cigestete
E % f Solution l i 545 / Residuya ] BUC By phase through filter
“' : ¥ _E i, %:ﬁlﬂﬁ &
A
1) Rk  Akali fusion 5 T i Add Gpheryl-
20 gaEa /HCHo dissolve y carbazide for color
¥ deveroprment
Joadt AR, | Add diphenyl-
l } ide for salor d e J ‘
A 3 £ V-VIS ﬁ-}*};i
- o " Sbififede H4O N
& ded ERA TR IR 1ICP-AES l JUVAIS - E 8RS 540 im &9 ik £ 1 Measure
Wik B/ Measura the absorbance at the absorbance at
540 nm by BV-VIS 546 bm by UV-VIS

71



-, Medscope

a2 2k
AR , 1
shan(Na. ) ¢ CL/2018/36500 B #3(Date) @ 2018/03/81 B8 (Page) : 5 of T

Test Report
Ja % & EREHF RS
FERINGX CORP,

OB A AR S B L B0
NO. 180, SEC. 1, MEISAN RD., DAX] DISTRICT, TAGYUAN CITY 335, TAI¥AN (R. 0. C.)

AR R

oA R hE% [ Technician: Yaling Tu
M M A F A RELE [ Supervisor Troy Chang

#air A / Sample pretreatment

v

BEEEREER
Sample extraction by Ulfrasonic extraction
{44 ¥ % Reference method: US EPA 3550C)

ERR R
Concentrate/Dilute Extracted solution
AR AR AR W R A R
Analysis was performed by LGMS

%45 7 Data
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R
maENo, )+ CE/2018/36600 & #(Dated : 2018/03/81 H & (Page) : 6 of T
Test Report
LR R s

e g R H R e
FERINOX CORP

HEFREE A L HI0R
NO, 180, SEC. 1, MEISAN RD., DAX! DISTRICT, TAOVUAN CITY 335, TAIVAN (R 0. C.)

S Eoitsa R [ Analytical flow chart - Halogen

B AR pRBE [ Technician: Rita Ghen
WG A A 3RECE / Supervisor, Troy Chang

N3 Ry
Sample pretreatiment/separation

¥

BEABRLAALLE T /
Weighting and putting sample in cell

¥

SR
Oxygen Bomb Combustion / Absorption

v

HEEERHNg
Ditution 1o fixed volume

¥

R L S
Analysis was performed by IC
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waE(No. ) o CE/2018/36600 8 $a(Date) : 2018/08/31 H 4 (Page) 1 T of 7

Test Report

Jo S A E R A IR 8

FERINOY CORP.

BB W AR E AL - RIB0T

NG, 180, SBC, 1, MEISAN RD., DAXI DISTRICT, TAOYUAN CITY 335, TAIWAN (R. 0. €.}

i e

X A Plod SRS HARAR RN IES/ a. ¥
(The tested sample / part is marked by an arrow if it's shown on the photo, )

CE/2018/36600

¥k 5% E, (End of Report) ¥%
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Mﬁﬁlﬁ%ﬁ&fﬁﬁﬁﬂﬂﬁ = H #® B Z 2053 BAFRLE AR DT A0

YIEH HSING ENTERPRISE CO. LTD. NO.369, Bao mi Rd, Baimi Village, Gangshan Dist.,
INSPECTION CERTIFICATE Kaoksiung City 82053, Taiwan, R.0.C.

TEL.: (07) 613-1111{ 10 Line) FAX: (07) 625-1280

SERIRRBERAT 5 53 ZEAN | eNTeN wWAEam
$p/aen  |RABAHBT LB 160 Z 20 8 1 # Client No. Delivery Date | Centificate No. l Issue Date
tA
S { ooy 03/03/2017 | A1060303008 L 14/03/2017
— e — . - ———————— . A o o . . EEEEIT-0.6 & ¢ CESD SRS ST IS S P S ISt e e i St atttesnliet——eee— - —— . - oae e —
FEAALEELAARH A . 1. Wo hercby certify that the material described herein has been manufactured a
o 4 [Stainloss steel hot rolled, anncaled, pickled wire rod tested with satisfactory results in accordance with the requirement of the above
Commodity material specification.
A 4% A 24 \f&i /ﬁ 2. Wo certify that the material is free from radiation contamination.
= [ Atomic Enorgy Council : No.204( 44430 3 ¥ 204 %))

SRS MieL M BE | LRFR | ASEE M € & (W) 3. Qulity Management System-1SO 9001:2008, Certificalc No.7TM8Y062-05.,
Order No. Steel Grade Dia, ARoIHn;No. Heat No. | Quantity | Nee(kg) Gross(kg) 4. Quallty- ance  SystemPEDWIRVEC &  AD2000-Merkblett WO,

D2SP24106 - 304M4  15.80 | 712607 [182215 2 1 3,301| 3.303 | Cemificate No.03 202 TWNAG-14 0272.
D2SP24105 | 3084 [5.50 | 721502 [182485 2 2,713| 2,775 i .
D25P24105 | 300  |5.50 | 721504 |182486 §. 1 B sl T T RICUPIN N TN

6. The report can only be reproduced in full.

I
l it % & 4% __(Chemical Composition) (%) ] e
:: P B B R e e i e T ““‘“M“"'"”‘"“"’"““’g“"
HeatNo. | Min 8.00 18.00 i 1] Ys | B | Ra | | GS
Mex [0.080 1.00 2.00 0.045 0.030 10.50 20.00 0. 100 Nomm® | (%)|(%) ¢
X100_ X100 X100 X1000 X1000_ X100 X100 X100 X100 ppa ,
182215V 4.1 40 168 36 5 814 1806 16 30 340 594 53 | 80 | 185
182485 40 ¥ 11 W 2 We W 1B AN W 604 54 | 80 | 186
182486 3.5 40 170 35 3 810 1818 (4 24 370 603 52 | 80 | 187
i
M 1 (Remarks) : 4 & 8 £ ¥
This inspection certiflcate is issued acc. 1o EN 10204 2.2 Manager of Technology Divisien
A Z

76




@ Medscope

Biotech
an g % Bﬂ § LK BN RFRSHNE NS -FLSK
REMREXREOERAR CERTIFICATE OF QUALITY Factoey Na.155, YieHsu, 13 Lin, Hsiu-Cheog L, Hsaek-Chin Diskics, Tainan Cty, Tabwan RO.C
TUNG MUNG DEVELOPMENT CO.LTD. SEF TR Tel 886-6-7820280 Fax:886-6-7820494 E-mail:toug mung @mea.hinetnet
EaRE ! : ANE ‘ EFRH% O HI AR
i ﬁxﬁ*ﬁf%&ﬁi R 8] i i & s M00036 o Q06031703
(TS 47 YL iR &% % i 49 i % B8 17 H 14
t 304 /Mk B - i 15 CNS 8499:2016 . by | 10670317
VIERETHEE I I A B @M T (B G | ®WE (o) | K E (m) 5 B B B (kes) W =4
e Coil No. Heat No. | Swface Finish | Thickness Widh | Length Quantity Weight
1| 139486-030000 170124B04 BA 0.31 1260 4046 1 12478
139518-010000 170124410 BA 0.41 1258 2485 1 10016
139736-000000 270143006 No. 2B 0. 48 1255 4046 1 19423
139738-000000 270201024 No. 2B 0. 39 1255 5028 1 19544
139768000000 270201012 No. 2B 0. 48 1252 4034 1 19414
& & i & (Chemical Analysis Wix% ) BB | B E |G Oume) | RHREE Gumd | (R (X) | W36
cC| s || P S | N | & [ M | N Spec. Hudness | Tensilo Strength | Yield Strength | Elongation |Bend Test |
| 0.080| 1.00| 2.00]0.045 0.00) 10,50 | 20.00 ﬁH—ﬁE\ [ 520 205 10
lled max. | max. | max. | max. | max. | 8 00)18.00 Specimen No. 200max. min. _min, min. |
110,045 0.50 | 1.07( 0.031] 0.003| 8.08| 18.15 6313K611 160.0 692 282 62
210,039 0.48| 1.11]0.031| 0.004| 8.03| 18.22 063131647 156.0 865 21 58
3]0.050| 0.45( 1.02|0.022( 0.003| 8.11} 18.25 6315R326 158.0 851 242 59
4)0.084| 0.44{ 1.03(0,023| 0.004| 8.17| 18.20 83158305 159.0 702 261 54
5)0.048] 0.43| 0.95!0.024/ 0.004] 8.13| 18.31 63158325 152.0 668 249 58
IUEIRACK TS, SR HBISSERR I - YRR« |Gt R R
Wo heschy certify (hat the products described herem have been manufactared and tesied with | Remark (°VM)—E Manager, Technology Department
el wegulis o with the sequ: of the above material specification. i 3—
AESRMETLR - W HFAK - #304¢sus Ex2»0S5 ﬁ‘;J @ l ‘ ‘Q u%
‘Mhe material desaribed above is free fradintion wed freo meneury. ”
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