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Development of technical knowledge for the production of

316L VM stainless steels and Ultrathin sheet stainless steels
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Ni-equivalent = % Ni+30(% C+%N)+0.5(%Mn+%Cu+%Co)
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999 EZM EDELSTAHLZIEHERE! MARK

E-mail 09.08.2018

Datum / Date :  28.02.2019
EZM Edelstahlzizherei Mark GmbH - Nordstralle 14 — 58300 Wetter Abn a h meze Ug n iS
Osveh Asia Medical Instrument Co. INSPECTION CERTIFICATE
No:139, 2nd Sanat St., Sanat Bly, CERTIFICAT DE RECEPTION
IR-. Mashhad
3.1 nach DIN EN 10204
Ihr Zeichen und Besteldaum { Customner denfify end OrderNoDate /N de commance of Date Ir Ansprachparner i ‘Contact Person i Motre Contact

Wilk, Nadine +49 2335/977-415

bright stainless steel bars

grade X 2 CrNiMo 18153 (1.4441 ESU-remelt)
acc. to 18O 5832-1 2007 and ASTM F 138-08
cold drawn, ground and polished

tolerance h8

tensile strength min. 1100 N/mm?

test certificate EN 10204/3.1

Ihr Ansprachparner ik ! Contact Ferson GM [ Motre Confact QM

Herr R. Naumann, Tel.: +49 (0)2335/ 977-474

EZM - Auftragsnummer : CA-00119464 / 10

Supplier reference / N° d ordre fourmisseur

Lieferschein / Prod.-Nr. . CL-00232876-10 / FA-00028558
Dicke : 5.000 Tol. :  + 0,000/ -0.018 mm
Breite : Tol. :

Profil : 0

Lange : 3000.000 - 3100.000 mm

Versanddatum/ Snipping date  / Dats o expedition - 28- 02,2019

Das Material ist frel von Delta - Ferrit, Chi und Sigmaphase. o
Priifung bei 100-facher VergroBerung gemiil Practice E407,

IK-Bestiindigkeit gemil DIN EN ISO 3651-2 / ASTM A 263.

The material is free from delta-ferrite, chi and sigma-phases,

exaniined metallographically at 100x magnification in acc. with Practice E407.

Die Lieferung wurde auf Identitiit gepriift (Spektro),
US- oder dquivalentes Verfahren aul Lunker im Vormaterial gepriift,

Identity checked (spectrometry).
Ultrasonic or equivalent test for voids in billets,

Fe = Balance

Korngrife gemill DIN-EN IS0 643 | ASTM E 112: 10.0 und feiner.

Mikroreinheitsgrad nach 1SO 4967 / ASTM E 48, Methode A:
Microscopic eleanliness in acc. with 180 4967 / ASTM E 45, Methode A:

A diinn / thin = 0.0
A dick 1 heavy = 0.0
B diinn / thin = 0.5
B dick / heavy = 0.0
C diinn / thin = 0.0
C dick / heavy = 0.0
D diinn / thin = 1.5
D dick / heavy = 0.0

G Ligfargewicht / Weight of Delivery / Poids Liwre 150.00 kg
Heat-No.: / No de colee / Chargennr.:074-61234-18 Ersch g:ESU  Blockg
Schmel [Angaben in Gewichtsp: [%]

c S1 MN P s CR MO NI [sli} N C-Wert
0.0200 0.5300 1.8500 0.0160 0.0010 17.7300 2.7700 13.8000 0.0600 0.0880 26,8710
Zugversuch gemil DIN EN IS0 6892

Abmessung RP0.2 RM Ad AS
Einheir f mim [(N/mm?*)-MPa] [(N/mm?)-MPa) [%] [%%]
Sollwerte 3 R _min 82  min 1100  min 12 min 12
Istwerte 1 4.992 1064 1271 27 2
2 4.993 1084 1269 29 23

Resistant to intergranular corrosion in ace, with DIN EN 1SO 3651-2 / ASTM A262.

Staboberfléiche visuell kontrolliert, auf Maft kontrolliert, fiir gut befunden und freigegeben.

Inspections carried out: Crack test (visucll) and control of dimension accuracy.

Grain size in accordance with DIN-EN ISO 643 / ASTM E 112: 10.0 and finer.

EZM EdelstahiZieherei

Mark GmbH
NordstraBe 14 - 58300 Wetter
Postfach 41 63 « 58294 Wetter

/) %@(

EZM Edelstahlzieherei Mark GmbH  werkssachverstandige rr: ~ Yveber

Zeichan das Lisferanten | Priffstempel - EZM (QA

Es wird bestatigr, dai die Ergebnisse der Prilfungen
den vereinbarten Ligferbedingungen entsprechen

This g to certify, that the results ara
in agreemant with the specifications

Nous confirmons ques les resultats des essais sont
Conformes aux conditions convenues de vante

Werkstofibescheinigungen die durch ein Datenverarbeitungssystem erstellf werden sind gem. EN 10204 Abschnitt 5 ohine Unterschrift giltig

AR}



%09 EZM EDELSTAHLZIEHEREI MARK

Datum ¢ Date :  28.02.2019

rEZH Edeistahlziehansi Mark GrmbH - Morgstralie 14 — 58300 Watter

Osveh Asia Medical Instrument Co,

No:139, Znd Sanat St., Sanat Blv,
IR-. Mashhad

Abnahmezeugnis
INSPECTION CERTIFICATE

CERTIFICAT DE RECEPTION
3.1 nach DIN EN 10204

b Ewichen snd Remieliatinn,

E-mail

Castorner idanily g Ok Ho Dk

09.08.2018

M de commanos o O

Bright stnindess steel bars
wrade X 2 CrMiMe 18153 (14441 ESLlromeli}
ace, to IS0 S832-1 2607 and ASTM F 138-08

W1 Aisgerchymrtomr Canvad Fersan 0 Pipire o
Wilk, Nacline +49 2335/077-415
Tor fmsceschpariamr  CPA 1 ol Prvson O 1 RGE Gotiedl Gl

Herr R, Maumann, Tel.: +49 (0)2335/ 977-474

colil deawn, preund and polished
tlerance b7
temsile sivengil 950- 1080 Mimm?

sl cortilicale EN D431

EZM - Auftragsnummer ; TA-00118464 7 20

Lupplor rafaranss ! N d ordme founmisssur

Lieterschein / Prod.-Mr. ¢ CL-BOZ3ZET6-20 | FA-DO02ES)S

Dicke : 6000 Tal. ©  # 0.000 / -0.012 mm
Braite : Tal. :

Profil - @

Lange : J0MLO0G - 3050.000 mm

Versanddalumy Shigeing date (D o mspedaon - 25-02.2019
Liglergewicht § Weight of Delwery | Poids Liwre 13.00 kg

Hasa-Be: ¢ N de ealee | Chargesar, 009-860112/227-1
Sehmelesnalyse [Angaben ln Gewichtsprosent [ % |
C

Rrshmetesng | ESU  Blockguss

Dot Material Lot froi von Delta - Ferrit, Chi and Simaghase,
Priafung bei 100-facher Vergriillerung gemiid Practico E407,
IK-Boslindigheit gemilll DIN BN 150 3651-2 / ASTA A 262,

The material ks free from dila-Ferrite, chi and sigma-phases,
eanmined metallographically an 100 magnification bn ace, wilh Praciice E407,
Resistant to intergramudar corrasbon in sec, with DIN EN IS0 3651-2 / ASTM A262.

Die Lieferung wardi auf Identitit geprif (Spekive),
US- auder aquivalentes Verlahren auf Lusker iy Yoarmaterial geprid:,
rissgeprifi wnd auf Mal keaveolBert,

Tdemtity checked (spoctromaciey).

Ultrasenic or equivalont tes for voids in bilkes.
lnapections carricd ot

Crack test and control of dinssssion accuracy,

Fe = Balance
KormpraBe gemill DIN-EN 150 643 ¢/ ASTME 112 9.0 - 10,0
Giruin sz i acoordance with DIN-EN 150 643 / ASTM E 112 9.0 - 10,0

Mikrorcinksitsgrsl nach IS0 4967 ( ASTM E 45, Methode A
Microscoplc cleanfingss in ace. with IS0 4967 | ASTM I 45, Methode A:
]

A dliimn { thim =

A dicK | neavy =
b dimn | thim = 0.0
B dick { heavy = 0.
C diinm { thin = 0n
C dick { heary = 0w
I dinm  thin = L§
D ik | eavy = 05

Al MM B 5 CR 4] M1 (i) N C-Wert
00210 06100 17400 00060  CDOI0 173400 L7300 138500 00700  0.0980 i, 3400
Fuprerench gemali DIN EN 150 6R92
Ahsnrasung B2 RM Ad A5
Einbil iy 14 ®-BiPa] [{Mimnns]-MIPa) %] %]
Sallweri il G 950 - 1080 min 1% wiin 15
Istwerte 1 5 n7 41 il k)
2 5,990 k) 1 T 23

EZM EdelstahlZiehera:

Mark GmbH
MNordstraBe 14 « 58300 Weiter
Postfach 41 63 « 58294 Wetter

144

EZM Edelstahizicherei Mark GmbH  wermsachverstangge - ) BIer

Zechan dis Lefemmen | Pritstasesl . EZM {

s wird beslalgl, dal dia Ergabinizss der Prifungsn
dan vanaintaiten Lelsbodngungen ariagee: hen

This is to carilly, thal ¥ resulls are
i agreamam wiih e specilicaions.

Hous confrmons quas les faedlats des ossais sonl
Cofilonmss aus condilions cameruss de venls

Warksloibescheinigungen i durch & Dalenverarbeungssysten orstol! warden simd frémn EN 10204 Abschind! 5 afvme Liafrschnil giftig

Y'Y



7% EZM EDELSTAHLZIEHERE]I MARK

Diatwm / Date . 38.02.2009

grade X 2 CeMibo 18153 (14441 ESU-rcmelty

EZM Edesstahlziahens Mark GmbH - Nordstrale 14 — 58300 Watlar Abnahmezeugnis
h "0,
nilh.xla N Setica . s et o INSPECTION CERTIFICATE
No:139, 2nd Sanat St., Sanat Blv, CERTIFICAT DE RECEPTION
IR-. Mashhad
3.1 nach DIN EN 10204
v Zachan ured Beadal yasm T estorant ke nify mad Ovier hin Daie M7 e oomEeos o Deta b AP patny i Gl Persen ’ Plokrs Cawvisct
E-mail 09.08.2018 Wilk, Nacline +49 2335/977-415
hright slalmles steel bars BT Arsprechgadner AT Caniad Pomon W ¢ ol Ganles oW

Herr R. Maumann, Tel.: 449 (012335 977-474

acr. to D500 S832-1 2007 and ASTM F 13508
cold drawn, grounid and podished

tolerance b7

fensile strength 950-1080 M/)mm?

Hesl dertificabe EN 10204/3,1

EZM - Aufiragsnummer | CA-DOIL0MGd /20

Eupphar mfamnce | W* § ordre Tourmissew

Lieferschein / Prod,.-MNr 1 CLADDZIZET6-20 | FA-DODZ096S

Dicke : 6.000 Tal, ;4 0,000 £ 0012 mm
Breite © Tal,

Profil : 0

Lange : 3000000 = 3050, 000 mm

VErsEnddatum Shipping date Dk o sepedition - 20.02.2019
Ligfargeich | weight of Delery | Poids Livee 495.00 kg

HzalNn.= | Me de colen | Charge e 0 30-BH0262/4463-1

Mmlm [Amgabien in (‘memm [ "It-]
81

Erschmebenng ; ESU Blockguss

Dhas Magertad dst frel von Delta - Ferrit, Chi usd Sigmsaphse,
Priifung bed 100-facher YerprtBosusg gemal Praciice E407,
THE-Bestiindipheil pemah DN EN 1500 3651-2 ¢ ASTM A 26,

The material |s froe Trom dea-Territe, o and sigma-phases,
incimiimed metallogruphically at 100 magnification in ace. with Peaclice E407,
Kesisiant to imiergranulur corrosion |0 gec, with DIN EN 150 3651-2 | ANTM AZ62,

e wuride amf Identilin gepriift (Spekirn),
LIS odir fquivabentes Verfoheon sl Lanker im Vermaterisl gepriif,
rissgeprilft sl sul Mal kowirolliers.

Identity cheched (speoiramstry

Ulltrasnmic or squivabent test luc walils i lsilliola,
Inspeetions carrbed oul:

Urack test and control of dinenson accuracy.

Fe = Bakanie
Baorngridie gendifh DIN-EN 1500 643 ) ASTM E 112: %0 - 10
Gruin size in acenrdames with TEN-EN IS00643 ) ASTM E 112: 9.0 -

Mikroveinheltsgrad nsch 150 4967 ¢ ASTM E 45, Methode A:
Microscopsc cleanliness in acc, will 150 4967 ' ASTM E 45, Mathode A:

o

A dilsm / ibin = 0.0
A dick ¢ bcavy = 0.0
B dimn / thin = Q.0
B ilick /' hoavy = 0.0
b ¢ thim = 0.0
Calbek  hery = b
D iléini ¢ thin = Li
D dick ( heavy = 0.5

MM CR B il cir L} CWert

o‘l]"lﬂ 06700 17400 ﬂ'lll‘ﬂ o, ﬂ'll 172600 274000 136700 00900 00840 26,3020
Zugversuch gemill NN EM 150 £893

Abriessung RPD.2 RM Ad AS
Eahct s [ M) -¥ra) [N )-MPs) %] [%]
Soll mén 6 G50 - 1041 mim_ 15 min 15
Tstwerie 1 5.091 Bz 1021 30

1 A.005 R4l 1008 F-o) pi]

EZM EdelstanlZisghers:

Mark GmbH
Nordsirafie 14 - 58300 Wetter
Pastiach 41 63 + 58204 Wetter

W

AxEann

EZM Edelstahlzieherei Mark GmbH  wierssachvscstancgs & -

Peichen dea Lieferanten | Privstanpal . EZM

Es wind bostakgl, dal do Engebnmes dor Prfungan
@an venzinbaren Leferbedingargen

This i 80 cardly, that e resuils ao
™ agreamant wilh e speciicabons.

Hous Conlirmons guik ks meulisls des easais sml\—)
Coronmes aux condl a0 s coreruss de venia

antsprechan
Werksloffhescheinigungen dig divrol sin Dalenvivarbaiingssystom srsfol warden s gam. EN 10204 Abschil 5§ ofioe Uinterschnlt giig

Yo



%) EZM EDELSTAHLZIEHEREI MARK

Datum ! Data :  28.02.2019

EZM Edelstahlizieharei Mark GmbH - Nordstralie 14 — 58300 Welter

Osveh Asia Medical Instrument Co.

No:139, Ind Sanat St., Sanat Blv,
IR-. Mashhad

Abnahmezeugnis
INSPECTION CERTIFICATE
CERTIFICAT DE RECEPTION

3.1 nach DIN EN 10204

B Zechen und Beabsldynam )

E-mail

Cessamer ookl and Order ho Dele

09,08.2018

H" o comures o Dale

[T T - i Ciwitact Parson
Wilk, Nadine +49 2335/977-415

[ Mol Caslad

bright stninless steel bars
grade X 2 CrMIbs 18153 {14441 ESU-somelth
ave. o 50 SEXE-1 2007 and ASTM F 138-08

O Tased Fumon OW 7 Fdi Ganiad OW |
Herr R, Naumann, Tel.: +49 (0)2335/ 977-474

cild drawen, ground asd polished
tlerams b
il srengih min. 12000 Mimm®

best certificate EN 102%403.1

EZM - Auftragsnummer ; CA-0011%464 /150
Bupplher refarence P N d ardie Fearisser

Lieferschedin ¢ Prod.-Mr. . CL-MZ3ZRT6-150 / Fa-wfﬁ
Tal. + + 0000/ -0,018 mm

Dicke - 4500

Breite : Tal. -

Profil : O

Langs : 3000.000 - 3100,000 mm
Varsanddaluen! Shippice duts | Daln 0 axpadiion « 25-02.2019
Lintargewichl | Weight of Defesry | Pods Livea 150.00 kg

Hemai-Ma.z F Mo de cobee | Chargee_:0T4-61234-18
Schmebmmalyse [Angaben in GewlMaprosent [ % |

Dias Mterial ist fred vam Della - Ferrit, Chl and Sigmaphuse.
Prirfung bei 100-Facher Vergriilerung gomiil Pracrice 47,
TK-Bestindighei! gesniilk DIN EN 150 3651-2 / ASTM A 263,

The material ks free Erem delta-forrite, chi and sigea-
examined metallographically at 100% magmification bn ace. with Practice 407,
Resistant to intergramular corresion n aec, with DIN EX 1500 3651-2 © ASTM A6,

Die Lieferang warde auf Identiisd gepridl (Spekirog,
US- oder dquivalentes Verfubron sul’ Lunker im Vermsterial gepriif,

Identlty checked (specirometry],
Ultrasoale or squivalent test for valds in lillels,
Ingpectiuns carried outs Crach test (visacll) and control of dimenséon sccuracy.

Fe = Balance

Korngriite gemah DIN-EN 150 643 ¢ ASTME 112: 1000 und Feiner.
Geain size in sccardance with DIN-EN IS0 43 ) ASTM E 1125 10,0 amd fner.

Mikroreisheitsgrad nach 1500 4967 / ASTM K 45, Methode Az
Mecroscaple chanliness in ace, with 190 4967 | ASTH E 45, Mribod A:
A diinn ¢ thin = 0.0

A dick ! heavy = i

B diinm / thin = 0.5

B dick | beavy = 00
© diien  tkin = A
C dick | beavy = 0.
I» dhiina ¢ thin = 1.5
D dick /! beesavy = L

Erschsticlang - ESU Blockguss

C L] MN P 5 CR MO Ml cu N C-Weri
L0200 0.5300  LESOD 00060 00010  17.7300 27700 138000 L0600 0L0RBD 26,5710
Lugversuch gemdll DN EN 150 452

Abmessang R 0.2 M Ad AS

Finhah 1 i [N/ Pa) [ - Pa) %] %]
Sellurre 1 min B2 i 1200 win 12 Cmin 12
laweste 1 449 il 14y - n
2 4400 1132 1345 25 i |

Staboberfliiche viswell kontroliert, suf Malk komtrolliert, fir pod befunden usid fevgepeben.

£ZM EdelstahlZieherei
Mark GmbH

MordstraBe 14 = 58300 Wetter

Postfach 41 63 - 58204 Welter

2

EZM Edelstahlzisherel Mark GmbH Virkechoetingige .V EDEE

Eg wird bastaigt, dafl dis Ergebrizss dar Prithurgen
dert wirsnbadon Lindarsidgampen enisprechen in

This is to canify, thet the resuks oro
i wilh 1 padicaions

= (@
INcus cornbirmons. ques las resulEle des sssas sont

Zeichan dea Liatarsntsn | Profsiompal
Corformas gux cond Rons corveniios da weniz

Weerhsrafaaschainipurgen diz curch ein Oeamararelungsdysion arstedl werdan singd gem. EN 10204 Abschnill 5 ohire Uimlerschvill gatig

\ig



&y 9 @l —¥

[1] Smith, W.F, Structure and Properties of Engineering Alloys, McGraw-Hill Book
Company, (1981).

[2] Hedstrom, P, “Deformation induced martensitic transformation of metastable stainless
steel AISI 3017, Lulea University of Technology, PhD thesis, (32005)

[3] Soekrisno, Raden, Dharmastiti SR Suyitno, and Agus Suprihanto. "Evaluation of
hardness, wear, corrosion resistance and magnetic properties of Austenitic Stainless Steel
316LVM by means short high temperature gas nitriding." Journal of Chemical and
Pharmaceutical Research 7.12 (2015): 28-34.

v



[4] Multigner, M., et al. "Influence of the sandblasting on the subsurface microstructure of
316LVM stainless steel: Implications on the magnetic and mechanical
properties.”" Materials Science and Engineering: C 29.4 (2009): 1357-1360.

[5] Metals Handbook, Metallography and Microstructures, American Society for Metals,
8th ed., Vol.9, 1980.

YA ledol ctmio olKiils ol el dao¥sd &), Sllas )5 g Jgol cgp o,lals [#]
[7] Metals Handbook, Heat Treating, American Society for Metals, 9th ed., Vol .4, 1981.

[8] Multigner, M., et al. "Superficial severe plastic deformation of 316 LVM stainless steel
through grit blasting: Effects on its microstructure and subsurface mechanical
properties.” Surface and Coatings Technology 205.7 (2010): 1830-1837.

[9] Chobaut, N., et al. "Miniaturized tube fixed plug drawing: Determination of the
friction coefficients and drawing limit of 316 LVM stainless steel.”" Journal of Materials
Processing Technology 263 (2019): 396-407.

[10] Barriuso, Sandra, et al. "Improvement of the blasting induced effects on medical 316
LVM stainless steel by short-term thermal treatments.” Surface and Coatings
Technology 258 (2014): 1075-1081.

AYVE (65,0l pwtige cpasml il jaiS ‘c.s‘“‘“"""‘—‘ OF Ky oY gd slaxil g ol Dl o> [vy]

[12] Ura-Binczyk, E., et al. "Mechanical properties and corrosion resistance of
hydrostatically extruded 316 LVM stainless steel after low-temperature plasma
nitriding." Surface and Coatings Technology 375 (2019): 565-572.

[13] Ahmadi, S., S. M. M. Hadavi, and A. Shokuhfar. "Evaluation of deoxidation process
in medical grade of 316L stainless steel.”" International Journal of Iron & Steel Society of
Iran 3.2 (2006): 22-28.

[14] Krawczynska, A. T., et al. "Mechanical properties of nanostructured 316LVM
stainless steel annealed under pressure.” Mechanics of Materials 67 (2013): 25-32.

[15] Ahmadi, S., et al. "Evaluation of the electroslag remelting process in medical grade of
316LC stainless steel." Journal of materials science & technology 25.5 (2009): 592.

[16] Standard Specification for Wrought 18 Chromium- 14 Nickel- 2.5 Molybdenum
Stainless Steel Bar and Wire for Surgical Implants (UNS S31673)1, (2008).

[17] Standard Specification for Wrought 18Chromium-14Nickel-2.5Molybdenum
Stainless Steel Sheet and Strip for Surgical Implants (UNS S31673), (2012).

YA



