FAKULTA
STROJNI
CVUT V PRAZE

Zkusebni protokol €. 18/12133/20

Dodavatel:

CVUT v Praze, Fakulta strojni
Ustav strojirenské technologie
Technicka 4, 166 07 Praha 6

ICO: 68407700 DIC: CZ 6840 7700
Telefon: + 420224 352 630

Odbératel:
Povodi Ohfe, zdvod Chomutov
Spoficka 4949, Chomutov 430 46

Kontaktni osoba: Ing. Petr Kaska

Vypracoval: doc. Ing. L. Kolatik, Ph.D.; doc. Ing. Jifi Janovec, CSc., Ing. Pavel Rohan,‘Fﬁ.D., Ing. Michal

Junek iy A
/}/(/(f'/ /
. VL 4/,‘-’//‘
Datum vyhotoveni: 15.10. 2018
Pocet stran: 7
Pocet priloh: 2



Pfedmét zkouseni:

Na zakladé nabidky ¢. UST_0016_2018 byla provedena analyza stavu porugeni komory obéZného kola
a napojeni opancéfovani savky MVE Nechranice TG1. Dne 23.8 2018 bylo provedeno mistni Zetfeni za
generalni odstavky zafizeni. Bylo provedeno ovéfeni jakosti materialti — spektrografie, a ovéreni
mechanickych vlastnosti — zkouska tvrdosti (mobilnim zafizenim) a stanoveno doporuceni pro dalsi
prace.

Méfeni chemického sloZeni.
Dle pivodni vykresové dokumentace:

Komora obé&Zného kola: CSN 422904.1
Elektroda E 391 @3,15 ( E-B 425 - OK 63.80 & OK63.85)
Zatka: €SN 17021.2

Opancéfovani saci trouby: CSN 11 373.0 Plech 10 x 2 500 x 5 050 mm
Vyztuhy: €SN 10370
Elektrody: E 44.83 (E-B 121, OK 48.00)

Postup oprav: Strojirny Brno, a.s., WPS 240614, Elektrody OK 67.45
Kontrola stavu turbiny dne 23.8. 2018 - Janovec, Kolafik, Junek, Rohan



1. Chemické sloZeni
~JtMicke slozeni

Pro méfeni chemického slozeni zakladnich materidlii opancéfované saci trouby, komory
obézného kola, svaroveho spoje mezi témito dily, (lopatky turbiny) byl pouzit ru¢nj rentgenovy
analyzitor kovii Delta classict. Mgteni bylo provedeno na n¢kolika mistech, kterg jsou

oznacené na Obr., |:

e Komora obéZného kola

® Pancéfovani saci trouby 1 (pod svarovym spojem &, 1)
* Svarovy spoj ¢. 2 (mezi pancéfovanim saci trouby 1 a pancéfovanim saci trouby 2)
® Pancéfovani saci trouby 2 (nad &4sti pokryté barvou)

® Opravené vady v pancéfovani saci trouby

Svarovy spoj ¢, 1

Pancéfovani saci trouby 1
Bez povrchové Upravy

(barvy) Svarovy spoj ¢, 2

Pancéfovani saci trouby 2

_____ Pfistupovy otvor - -

]

Pancéfovani saci troy by
| S povrchovou Upravou
I (pokryté barvou)

|
|
|

e



Tab. 2: Prirgzen; materidly Jednotlivym Cdstem
Komora obézného kola

e



2. Popis jednotlivych materiali

OCEL NA ODLITKY 42 2904 Cr-Ni
CSN 42 2904

Skupina materialii podle CSN 42 0006
Ttida odpadu podle CSN 42 0030

ZpUsob
vyroby
Chemicke sloZeni (rozbor E
tavby) %
Doprovodné
prvky

Technické dodaci pfedpisy
Oznaceni materialu a stavu

Stav

Nejmensi mez 0, 2 g0, 2
Pevnost v tahu oPt
Nejmensi taznost 55
Nejmensi kontrakce W

Nejmensi vrubova
houzevnatost R3

Nejmensi vrubova
houZevnatost R3 pfi 4 °C
(inf. )

Tvrdost podle Brinella HB

Svaritelnost
podle CSN 05 1310

Doporucené teploty pro tepelné zpracovani
Zpusob

Zihani na mékko

Homogenizaéni zihani

J/lem2

J/em2

Normalizaéni zihani
Popousténi

Zihani ke snizeni pnuti
1 N/mm2 =1 MPa

9: Korozivzdorné

013
Si
C max. Mn v
0,
50
0,15 az 0,60
01
90
Cu max.
0, 50
CSN 42 1261
42 2904. 5
normalizaéné Zihany a
popoustény
295
min. 490
15
50
30
140 az 200

zarucena podminéna1)

Teplota °C
720 a2 770
1020 az 1 050
900 az 950
680 aZ 740
660 az 720 2)
(Pokrag. )

Cr

11
5
az
14
0

Ni Pmax. S max
0,70

az 0, 035 0, 035
, 11, 20

42 2904. 9

tepeln& zpracovany podie
zvlastniho predpisu

390
590 az 785
15
50

50

30

175 az 240

Postup

pec

vzduch pod 200 °C
vzduch pod 200 °C
vzduch, pec
vzduch, pec

Podrobnéjsi popis dalsich zékladnich a pfidavnych materidld je uveden v Pfiloze ¢&. 2



3. Meéreni tvrdosti

Mgfeni tvrdosti bylo provedeno pomoci pfenosného ultrazvukového tvrdoméru
Krautkramer MIC20 s UT sondou MIC 2010 (zatiZeni 50 N). Vysledky méfeni jsou uvedeny
v Tab. 3.

Tab. 3: Vysledky méreni tvrdosti HVS

Cislo méFeni
R Ao
siomErent 11234 5167189 w0 @

226 | 214 | 223 | 220 | 229 | 217 | 222 | 216 | 231 |225| 22245

Komora obéiného kola

191 | 166 | 179 | 193 | 196 | 211 | 212 | 188 | 192 | 186 | 191+13

Lk 442 | 452 | 382 | 473 | 385 | 376 | 368 | 398 | 405 | 413 | 40934

Svarovy spoj (&. 1) 357 | 344 | 328 | 344 | 357 | 325 | 388 | 360 | 383 | 346 | 35320

TOO 2 321|337 | 388 | 316 | 388 | 360 | 366 | 336 | 338 |341|349+24

Pancérovani saci trouby 1 | 357 | 339 ( 338 | 331 | 378 | 315 | 322 | 354 | 345 | 340 | 342+17
(pod svarovym spojem)

Pancéirovani saci trouby 2 | 347 | 342 | 370 | 376 | 378 | 315 | 312 | 354 | 361 | 355 | 351+22
(nad casti pokryté barvou)

Opravené vady 374 | 369 | 389 | 356 | 363 | 352 | 337 | 345 | 359 |348|359+14
v pancéfovani saci trouby

4. Zaver:
Materidlové rozbory prokazaly:

a) Opancéfovani saci trouby neni provedeno z nelegované svafitelné oceli tiidy 11, ale
z kombinace oceli CSN 17 247 a 17 345

b) Svarovy spoj v méfenych mistech byl proveden elektrodou na bazi VDM FM 31 -
1.4562, nikoliv elektrodou OK 67.45 uvedenou v ptivodné piedlozené WPS

¢) Trhlina v TOO svarového spoje smérem ke komoie ob&Zného kola je dasledkem
vysokych tvrdosti (max. 473 HV) v této oblasti.

d) Nameéfené hodnoty tvrdosti pancéfovani saci trouby 1 a pancéfovani saci trouby 2 pod
svarovym kovem v ZM vykazuji vysoké hodnoty pro zjisténé ocele 17 247 a 17 345,

pokud by byly v béZném stavu.
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Doporucdeni:

a) Vzhledem k rozdilnosti materiali pod svarem (&. 1) vypracovat WPS opravy pro
zjisténé ocele
b) Rozsah lokalnich poskozeni (kavity a trhlina) pro opravu (vyvafovani) u turbiny
TG1 byl podstatné mensi nez u piedchozi turbiny (TG2). Ztejmym diéivodem bylo
pouZiti pfidavnych svafovacich materidlii s vysokym obsahem niklu (napi. VDM
FM 31 -1.4562), ¢i v piipadé pancéfované saci trouby napt. OK 61.30.
//)
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CESKE VYSOKE UCEN TECHNICKE V PRAZE
FAKULTA STROJNI
12133 - Ustav strojirenské technologie
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DIC: CZ68407700
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P¥iloha €. 1 — zprava ¢. 18/12133/20

Poskozeni plasté turbinového prostoru na VD Nechranice

Obrazova pfiloha — TG |

V oblasti pfechodu mezi télesem a sacim potrubim bylo nalezeno 31 oblasti kavitaéniho porudeni
povrchu stény. V porovndni s kavitatnim opotiebenim turbiny TG Il byly oblasti vétsiho ploiného
rozsahu, ale men3i hloubky. Vizualné byla nalezena trhlina v oblasti & 12, pFiblizné délky 40 mm. Tato
oblast je orientovéna naproti vstupu do prostoru pod rotorem. Kavitaéni poruieni bylo nalezeno také
na jedné z lopatek obézného kola (oblast €. 32).

Oblasti po3kozeni v misté svarového spoje byly oéislovany od 1 do 31.

Obrdzek 1: pohled na turbinovy prostor s vyznalenymi oblastmi kavitaéniho poskozeni v misté spoje. Misto vstupu do
prostoru je na obrdzku zndzornéno Sipkou




P¥iloha &. 1 —zprava ¢. 18/12133/20

Detaily oblasti naruseni povrchu 1- 32
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Pfiloha &. 1 - zprava &. 18
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Cr-Ni ocel

na odlitky korozivzdorna

OCEL
42 2904

themické slozeni [hm. %]
C Mo | S Cr Ni Cu § S
max 0,15 | 0,50-0,90 | max060 | 115-14,0 070-120 | max0,550 | max0035 | max 0,035
Charakteristika
Korozivzdornd, odolava korozi ve vodé.
Mechanické vlastnosti
Stav 5 9
Mez kluzu R, 0,2 [MPa] min 295 390
Mez pevnosti Ry, [MPal min 490 590-785
Taznost As [%] 15
Kontrakce Z [%] min 50
Vrubova houzevnatost KCU 3 [J.cm?] min 30 50
Vrubova houzevnatost KCV [J.cm] min 15 25
Tvrdost HB 140-200 175-240
Modul pruznosti E [GPal 216,17
Fyzikalni viastnosti
Hustota Mérna tepelna Teplotni soucinitel Tepelna Linedrni smrsteni
kapacita roztaznosti vodivost pfi tuhnuti
p [kg.m?] c, [J.kg' K] a [K'] AN W.mT KT [%]
7720 469 10,7.10°° 21,8 2,00-2,10

Odolnost proti degradaénim procesim
ODOLNOST PROTI KOROZI

s ocelové lesklym povrchem odolava korozi ve vodg, v pasivnim s

tavu nékterym slabym kyselindm

Technologické udaje

TEPELNE ZPRACOVANI
normalizacni Zihani
Zihdni na mékko

7ihéni ke snizeni pnuti
homogenizagni Zihan

900-950°C  ochlazovat na vzduchu
720-770°C  ochlazovat v peci
660-720°C  ochlazovat na vzduchu nebo v peci

1 0201 050°C ochlazovat na vzduchu

popousténi 680-740°C  ochlazovat na vzduchu nebo v peci
teploty pfemen Aci=755°C A3 =820°C
SVARITELNOST

podle CSN 05 1310 - zaru
doporucené elektrody

¢end podminénéd — predehrev 950-400°C, dohfev po svarovani Zihani ke snizenf pnuti

E18Cr11W2Ni1V-B  E20Cr19Ni8Mn6-B E12Cr18N10Mo2-B

E12Ni38Cr20Mo6Co4-B

E-B425
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Korozivzdorna Cr-Ni-Ti ocel

TN 41 7247

Chemické sloZeni [hm. %]

C Mn Si Cr Ni Ti P S

max 0,08 | max2,00 | max1,00 | 17,0190 | 95-120 | min5x %C | max 0,045 | max 0,030

Polotovary
[1] tyCe tvafené za tepla [4] bezeSvé trubky tvdrené za studena
[2] plechy valcované za tepla [5] tlusté plechy vdlcované za tepla
[3] bezedvé trubky tvdrené za tepla
Mechanické viastnosti
Polotovar [1] 2]
Rozmér t, d [mm] = 60 60-100 100-150 =10 10-30
Stav 4 A
Mez kluzu R, 0,2 [MPa] min 205 205 195 205 205
Vlez kluzu R, 1,0 [MPa] min 245 245 235 245 245
Vlez pevnosti R, [MPa] 500-750
[aznost As [%] min 40 35 3h 30 26
Contrakce Z [%] = - = ~ -
/rubovd houzevnatost | podél min 120 — 120
(CU 3 [J.cm?] napfic¢ min - - 80 - 80
viodul pruznosti E [GPa] 200
JModul pruznosti ve smyk G [GPa] L = . -
>olotovar N Bl [4] G
{ozmér t, d [mm] =20 =10 30-80
tav 4 4
/iez kluzu R, 0,2 [MPa] min 205 205
Aez kluzu R, 1,0 [MPa] min 245 245
flez pevnosti Ry, [MPa] 500-750 500-750
aznost As [%] min 35 | 35 napfic 34
ontrakce Z [%] - -
rubové houZevna- |KCU 3 podél/napfic - — 90/70
ost [J.cm?] min | KCV podél/napiit - - 60/40
fodul pruznosti E [GPa] 200
lodul pruznosti ve smyku G [GPa] L = L
plota[°C] - 100 200 400 600 | 800
lodul pruznosti E [GPa] za zvys. teplo 194 186 172 155 135
splota[°C] 100 [ 200 | 300 | 350 | 400 | 450 | 500 | 550
ejnizsi mez kluzu R, 0,2 [MPa
1szy§enych teplot ﬁ] i L 103 nm 176 1 155 | 136 | 130 | 125 | 121 119 | 118




’,J[ota [°C] ; 100 | 200 | 300 | 350 | 400 | 450 | 500 | 550

ejnizsi mez kluzu R, 1,0 [MPa) 240 | 185 | 167 | 161 | 156 | 152 | 149 | 147
a zvySenych teplot [1] d = 100 mm

Nejnizsi mez kluzu R, 0,2 [MPa]

' za 2vySenych teplot [1] d > 100 mm fe2 | 80 -
NGJﬂIZéI mez kluzu Rp 1,0 [MPa] 202 182 _ _ _ _ _ _
za zvysenych teplot [1] d > 100 mm
Fyzikalni viastnosti

Hustota Mérmd tepelna Teplotni soucinitel Tepelnd Rezistivita
kapacita roztaznosti vodivost
p [kg.m?] C, [J.kg K] a [KT] AW m K] p [Q.m]
7 900 500 16,0.108 15 730.10°

Odolnost proti degradaénim procesiim

ODOLNOST PROTI PLOSNE KOROZI

odolava kyseling dusicné (kromé koncentrované za varu), slabym roztokim anorganickych kyselin a silnym
organickym kyselindm

ODOLNOST PROTI MEZIKRYSTALOVE KOROQZI

zarutena podle CSN 03 8169, se zcitlivénim ocel odoldva pri dlouhodobé expozici v agresivnich prostiedich
v celém rozsahu kritickych teplot

ODOLNQST PROTI OXIDACI ZA ZVYSENYCH TEPLOT

na vzduchu do teploty 850 °C
v oxidacnim sirném prostiedi (s SO,)  do teploty 750 °C
v redukenim simém prostredi (s H,S) do teploty 600 °C
v pare do teploty 750 °C
/e sSmésnych plynech do teploty 550 °C

DDOLNOST PROTI TECENI
Vlez pevnosti pfi teéeni v tahu R, [MPa]

[eplota [°C] 5% 600 625 650 675 700
/104 177 142 114 92 69 48
/100 118 92 69 47 33 23
[echnologické tidaje
"EPELNE ZPRACOVANI
ihani ke snizeni pnuti 850-950 °C 10—15 min. na teplotg, ochlazovat na vzduchu
ozpoustéci Zzihani 10001050 °C  5-20 min. na teploté, ochlazovat ve vodg
1100-1150 °C  10-30 min. na teplot&, ochlazovat ve vods
VARITELNOST
‘Ida tvaritelnosti za tepla 4
3ploty tvareni 1100-800 °C  ochlazovat na vzduchu
VARITELNOST
odle CSN 05 1310 — zarugend
BROBITELNOST soustruzeni, hoblovani frézovant, vrtdni

olotovar [1][2]  stav.4 8b 8b




—

Jouziti

\a stavbu tepelnych, energetickych a chemickych zafizeni do 800 °C v¢. tlakovych nadob podle CSN 69 0010.
)o prostfedi, kde je koroze zanedbatelnd, ale vyZaduje se vysokd Cistota produktu (farmaceuticky a potravinarsky
yrimysl). Vhodna na vysokotlaka zafizeni.

Jstatni viastnosti

Druh oceli podle zpisobu vyroby | Barevné znaceni podie CSN 42 0010 |  Tida odpadu podle CSN 42 003
elektroocel Cervend - hnédd - svétlemodrd 023
2orovnani se zahraniénimi materialy
IS0 EURO Némecko
YPE 18 ISO 683/13-86 | X 6CrNiTi18-10 | EN 88-86 X 6CrNiTi 18 10 | DIN 17440-85
X 6CrNiTi18-10 | EN10088/2-95 | X 6CrNiTi 18 10 | DIN 17441-85
X 6CrNiTi 18 10 | DIN 17455-85
X 6CrNiTi 18 10 | DIN 17456-85
X 6CrNiTi 18 10 | DIN 17457-85
Francie Velkd Britanie Rusko
"6CNT 18-10 [ NF A35-574-90 | 321S31 BS 1501/3-90 | 08Ch18N10T GOST 5632-72
"6CNT 18-10 | NF A36-209-90 | 321551 BS 970/4-70
( 6CrNiTi 18-10 [ NF EN 10088/2-95
USA Japonsko Kanada
ype 321 ASTM A276-82 | SUS 321 JIS G4303-91
SUS 321 JIS G4304-91
SUS 321 JIS G4305-91 - ~
SUS 321 JIS G4307-87
SUS 321 JIS G4308-91
Itdlie Rakousko Svédsko
(6CrNiTi 18 11 [ UNI 7500-75 X 6CINiTi 18 10 S| ONORM M3120 | 2337 SS 142337
(6CrNiTi 18 11 [ UNI 6904-71
(6CrNiTi 18 11 KG| UNI 7660-77
(BCINITi 18 11 KW|[ UNI 7660-77
(6CINiTi 18 11 KT | UNI 7660-77
Polsko Madarsko Norsko
~ - KO 36Ti MSZ 4360-87 B
KO 37Ti MSZ 4360-87 B
Finsko Svycarsko Spanélsko
~ - - B X 6CrNiTi 18-10 | UNE EN 10088/2-96
F .3523 UNE 36016-89
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C3-17 345

Srovnatelnd ocal:

SN 41 7345

1. VLASTNOSTI ZARUCOVANE NORMOU

C Mn 84 Cr Ni Mo P -]

Chemické slolent
/rozbor tavby/(s] | max. | max. | max, 16,0 [ 9,0 [ 1
.15 1 2,0 | 1,5 | 1900 [12%0 | 32

.5 max. mAx.
3 0,045 0,030

Barevné oznalenf: Zervend - hnédé - filalovg TE{da odpadu; 122
Virobek: tyte, plechy,

Mechanické vlastnosti

Pésy, bezelvé trubky, svafované trubky, dr

dty, vykovky

Maz Pevnost | Ta¥nost Fontrakce Vrubovd
Prim@r, kluzu houllevna
Vrobek Stay| tloudfka lbO. 2 Ry Ay g [J o
["'l min. [ur.] ain. min.

nad  do | [iPa) | naa 4o [v) [v) KCU 2 min.
Tyte 4 120 [ 216 | ses 40 50
Vikovky y 150 | 216 | s69 40 50 196

Plechy -4 0,8 30 216 569 40 So 196

2. INFORMATIVNI UDAJE

Mez kluzu za vyBd{ch teplot

50

200

R 1,0 min.  [wPa) 235 215 200 187 178 170
Teplota [°g] 350 400 - 4%0 500 550
R O,2 min [nra) 135 130 126 124 122
P’ :
R.1,0 min.  [mpa] 165 160 156 154 152
o 20 100 200 400 600
Teplota [ C] 800
Modul pruinosti v tahu 200 195 185 170 155 %
E. 107} [Pa]
( -9 8,0
Mirnd hmotnost ° kg.dm ’
Mérné teplo i
vV rommes{ od 20°% [7.x¢"!x"}} 440
40 uvedend teploty

Scanned by CamScanner




C3-17 345

‘—h\
200 400 600
Teplota [°c] 20 100 300
Mérnd tepolnd wvodivost 13,5 14,5 15,5 18,5 21,5 ud |
1 [ﬂ.m—!.l 1] ' ‘
—~—
Stfedn{ izobaricky muéinitai
z
dilko:d roztpinosti v rozme 16,5 17,0 18,0 18, & 15
od 20°C do uvedané teploty
s . 10° [xY]
——
Mérnd elektricky odpor 750 800 850 1000 1100 1200
p . 10° [a.m]
Odolnoat proti plolinéd korozi
Ocel md zvyBenou schopnost pasivace a vyBB{ odolnost protl korozi v aktivnfm 5:4?
vu. Odoldvé kyselind sfrové, fosfore&né a dalEfm anorganickym kyselindm a agre-
sivnim prostledfm lépe neZ ocal 17 241 /viz tabulka C3=3/.

Odolnost prot! mezikrystalové korozi

Ocel ve srovndnf{ 8 ocel{ 17 347 neodoldvd, proto pti aplikaci svaru v s
korozn{m prostledf nutno po svafenf pPa¥fhat celou svafovanou soudst.

=re

11n&ybim

Odolnost proti ¥dru

na vzduchu do teploty 850°C
v oxidatnim sirném prost¥edf /obsahuj {c{m 502/ do 750°C

v reduknim sirném prostfed{ /obsahujfcim H,S/ do 600°¢
v péfe do 650°%

3. UDAJE PRO TECHNOLOGICKE ZPRACOVANT

Doporufené postupy tvdZen{ a tepelného zpracoviny

Zpracovén{ Teplota [°c] Postup
Kovdn{ 1150 - 900 ochlazovat na vzduchu
Rozpoubtdc! ¥fhénf 1020 - 1070 15-30 minut na teplotd,
achlazovat ve vodd
fi{hdng i
% odetranbuf prute B50 - 950 10-15 minut na teploté,
2 ~ochlazovat na vzduchu
M%
Tvalitelnost zatepla o
TE{da Rychlost Teplota [0
tvafitelnosty 4 deformace plota [°c]
[s-1) 900 | 1000 100 | 1200 | 1250 |[ 1300
zdkladn{ -2
pPetvdrny odpor : 2.10 ls0 96 57 34 26 20
MPa =1
oy [ ] 4.10 211 140 96 65 53 o
tkoutka | 1n [Pe] 160 96 57 34 26 | %
Ac [ -2
tahem 5 [ J ¢ 2.10 24 32 62 76 74 38
z (]
v) 38 ) 82 100 94 45
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4. CHARAKTERISTIKA OCELI A VHODNOST POUZIT{

Svatitelnd austenitickd nestabilizovand ocel Cr-Ni-Mo vhodnd pro poulitf{ do teploc
ty 850°C. Poulivd se Pro stavbu zaffzen{ /vietnd tlakovych nddob/ v chemickém,
farmaceutickém, textilnim a potravindfekém primyslu, pofaduje-li se svydend korosz
n{ odolnost v aktivn{m stavu nebo jestlile se v koroznfim prostfed{ vyskytujf{ lonty
halogennich prvkd. Vhodné je pro prostfedf, kde nehrozf nebezpel{ mezikrystalové
koroze v prib&hu dlouhodobéd expo:lcs a je dostatelnd stabilnf L pro poufit{ na
energetickd zatf{zen{ do teploty 650°c. U svalovanych souldstf se k vyloufen{ vzni
ku mezikrystalové koroze doporuduje provést po avalen{ rozpoultdc{ 2fhdni{.
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a— OK 6 1 3 SFA/AWS A 5.4; E 308L-17
ﬂﬂ [] o EN 1600: E199LR12
Pouziti; Obal: rutil-kysely
Elektroda s rutil-kyselym obalem a nizkym obsahem
uhliku pro svafovani nerezavéjicich oceli typu Teplota suseni: 350°C/2h
19Cr10Ni, pouitelnd i pro stabilizované oceli podob-
ného sloZeni. Neni vhodng tam, kde jsou vyZadovany Svarovaci proud:
creepové viastnosti svarového kovu, Nizkonavihavy B
obal poskytuje kvalitni svarovy kov s moZnosti pousitl Napéti naprdzdno: 50V

ve vSech polohdch. Interpass teplota: < 150°C

Vhodnost pro svafovinj, napf.;

WINr. 1.4000, 1.4301, 1.4308, 1.4308, 1.4311, 1.4541,

e LSIHT

Polohy svafovani:

izt Jiné tdaje:
1. dJiné tidaje:
4550 a jing EN 3-10
Klasifikace/certifikace: WNr. 1.4316
ABS Stainless DNV 308L
CE 13479 TUV 00792
DB 30.039.02 Ostatn: CWB, SEPROS
Typi emické slozeni &istého svar kovu:
Cc Si Mn Cr Ni
< 0,03 0,70 0,80 19,5 10,0
Typické mechanické hodnoty gistéh varového kovu:
Podminky Stav Rm Reoz As/(Aq) KV {J)/°C
MPa MPa % +20 ] -60
1SO TZ0 560 430 43 70 49
AWS TZ20 >520 >320 (>35) - -
TZ 0 - stav po svafovani
Priimér Délka Proud Napéti | VytéZnost| Doba Podil (ks/kg Vykon
hofeni | sv. kovu | sv. kowu) [ navar.
(mm) (mm) (A) (1] (%) (s) (%) (kg/h)
1,6 300 35-45 27 105 24 0,55 240 0,60
2,0 300 35-65 29 105 29 0,55 160 0,80
25 300 50 - 90 31 105 36 0,55 99 1,10
3.2 350 70-130 31 105 54 0,60 49 1,40
4,0 350 90 - 180 32 105 60 0,60 33 2,00
5,0 350 140 - 250 33 105 60 0,60 20 3,00
Baleni:
Primér Délka Baleni Hmotnost ksv Hmotnost | Krabicek | Hmotnost
baleni baleni 1000 ks v kartonu kartonu
{mm) (mm) (kg) (kg) {ks) (kg)
1,6 300 1/4VP 0,6 77 7.8 9 54
2,0 300 1/4VP 0,6 48 12,5 9 54
25 300 1/4VP 0,7 37 18,9 9 6,3
3.2 350 1/2VP 1,7 47 36,2 6 10,2
4,0 350 1/2VP 157 31 54,8 6 10,2
5,0 350 1/2VP 1,7 20 85,0 6 10,2
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VDM® Alloy 31

Nicrofer 3127 hMo

VDM® Alloy 31 is an iron-nickel-chromium-molybdenum alloy with the addition of nitrogen. The alloy developed by VDM
Metals closes the gap between high alloyed austenitic special stainless steels and nickel alloys. VDM® Alloy 31 has
proven itself to be suitable particularly in the chemical and petrochemical industries, in ore digestion plants, in environ-
mental and marine engineering as well as in oil and gas extraction.

VDM® Alloy 31 is characterized by:

*  Outstanding corrosion resistance in alkaline and acidic halide-containing media

*  Excellent resistance to sulfuric acid, even in highly concentrated form

e  Excellent resistance to corrosion and erosion in phosphoric acid media

*  Outstanding resistance to surface corrosion and local corrosion in chlorine dioxide bleaching plants in paper
production

s  Excellent resistance in reducing and oxidizing media as well as in boiling azeotropic nitric acid

*  Good workability and weldability

e VdTUV-certification for pressure vessels with operating temperatures from -196 to 550 °C (-320.8 to 1,022 °F)

» Certification according to 1ISO 15156/NACE MR 0175 up to level VI for acid gas applications in the oil and gas
industry

¢  ASME approval for pressure vessels up to 800 °F (427 °C)

The material is included in the list of the German Federal Institute for Materials Research .and Testing (BAM) for
transport and storage containers for hazardous goods.

Designations and standards

Standard Material designation
D 1.4562 - X1NiCrMoCu32-28-7
ISO NACE MR0175/ISO 15156:2003
UNS N08031
Product form VdTUV ASTM ASME SEW Others
Sheet, plate 509 B 625 SB 625 400
Strip ’ 509 B 625 SB 625 400 APl 5LD
Rod, bar 509 B 581 SB 581 400
B 649 SB 649

Wire B 649 SB 649 400

B 564

Table 1 - Designations and standards
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VDM® Alloy 31

Chemical

composition

Ni Cr Fe S Si Mn Mo Cu N C
Min. 30.0 26.0 Balksfes 6.0 1.0 0.15
Max. 32.0 28.0 0.010 0.3 2.0 7.0 14 0.25 0.015
Table 2 — Chemical composition (%) according to UNS N08031
Physical
rties
Density Melting range Relative magnetic permeability at 20 °C (68 °F)

8.05 gicm’ (0.29 Ib/in®)
at 20 °C (68 °F)

1,330-1,370 °C (2,426-2,498 °F)

1.001

Temperature Thermal conductivity” Electrical Modulus of elasticity” Coefficient of thermal expansion"
resistivity

w Btu - in 10¢ 10
°c °F m-K sq.ft-h-°F uQ * cm GPa 10° ksi i <
20 68 11.7 81.2 104 188 28.7
100 212 13.2 91.6 107 189 274 14.3 7.94
200 392 16 104.1 110 183 265 14.7 8.17
300 572 16.8 116.6 113 176 255 16.1 8.39
400 762 185 128.4 116 170 247 16,56 8.61
500 932 20.2 140.1 118 163 23.6 15.7 8.72
600 12 21.9% 151.9 120 158 229 15.9 8.83

" values according to VATUV material data sheet 509

4 extrapolated value

Table 3 - Typical physical properties of VDM® Alloy 31 at room temperature and elevated temperatures
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Microstructural
properties

VDM® Alloy 31 has a face-centered cubic lattice. The 0.2% nitrogen content stabilizes the austenite and reduces the
precipitation rate of intermetallic sigma phases.

Mechanical
properties

The following mechanical properties apply to VDM® Alloy 31 in the solution-annealed and quenched condition and in the
stated semi-finished forms and dimensions.

Temperature Yield strength" Tensile strength” Elongation
Rpoz Rn A
°C °F MPa ksi MPa ksi %
20 68 280 40.6 650 94.3 40
100 212 210 30.5 630 91.4 40
200 392 180 26.1 580 84.1 40
300 572 165 239 530 76.9 40
400 762 150 21.8 500 72.5 40
500 932 135 19.6 470 68.2 40
550 1,022 125 18.1 450 65.3 40

1) values according to VATUV material data sheet 509

Table 4 — Typical short-term properties at room temperature and elevated temperatures for sheet products

Product form Dimensions Yield strength Yield strength Tensile strength Elongation

i Rpo2 Rp 1o Rm A

mm in MPa ksi MPa ksi MPa ksi %
Sheet, plate <50 <197 :
Strip £3 £0.12
2 280 2406 2310 245.0 2 650 2943 240

Rod, bar < 300 < 11.81
Wire £12 <047

Table 5 ~ Mechanical properties at room temperature according to ASTM B625 (plate, sheet and strip), B649 (bar and wire)

ISO V-notch impact toughness
Average value, room temperature: > 185 Jiem?
Average value, -196 °C (-320.8 °F): = 140 J/cm?

Minimum impact values at room temperature for sheet products according to VdTUV material data sheet 509,
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Corrosion resistance

Optimal corrosion resistance is only ensured if the material is used in a solution annealed, clean and metallic bright
condition. The chemical composition of VDM® Alloy 31 is designed to enable the achievement of a high corrosion re-
sistance in halide-containing media. At the same time, the material has excellent resistance in pure and contaminated
sulfuric acid over a broad range of concentrations and temperatures up to 80 °C (176 °F). Figure 1 shows the 1SO cor-
rosion diagram of VDM® Alloy 31 in lightly aerated sulfuric acid of technical purity, determined in immersion tests of at
least 120 h.

250 - 482
200 - 400
Boiling curve
© 150 o - 300
g g
5 2
] g
;é, > ::;g mm.f)a é{
mpy;
@300 4 - 200 #
0.1 -0.5mm/a
50 4 < 0.1 mm/a (4 mpy)
~ 100
0 T T T T
0 20 40 60 80 100 Figure 1 - 1SO cormosion diagram of VDM® Alloy 31 in
Sulfuric acid, by mass % weakly aerated sulfuric acid of technical purity, deter-
mined in immersion tests of at least 120 h

Under heavy stress from erosion corrosion in the wet digestion process in the production of phosphoric acid, vDM®
Alloy 31 has proven to be a true alternative to nickel alloys. Tests in chlorine dioxide bleaching plants in the pulp and
paper industry have shown that VDM® Alloy 31 withstands the harshest operating conditions.

The resistance to inter-crystalline corrosion (IC) was determined both according to ASTM G 28, method A, and accord-
ing to SEP 1877 Il. Figure 2 shows, that VDM® Alloy 31 becomes sensitized only after prolonged exposure. The re-
sistance to pitting was determined via potential measurements and through testing according to ASTM G 48 under
staged temperature increases and the use of the same samples. Figure 3 shows the results in comparison with other
materials. Even in other corrosive media, VDM® Alloy 31 demonstrates significant advantages compared with other
alloys.
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900 1,652
800 1,472
e &
g g
S =
® 700 1,292 ©
a 4
E IK>0.5um E
600 1,112
500
10° 10 102
Sensitization time, h
100 212
90 194
’ VDM® Alloy 31
1.4562
80 176
‘ VDM® Alloy 926
70 1.4529 158
o 60 140 o
g g
= VDM Alioy 28 2
E 50 4 i 122 §
E £
® 40 104 ¥
VDM® Alloy 825
30 O 2.4858
20
10
0
20 30 40 50 60 70
Pitting resistance equivalent
O %Cr + 3.3 x %Mo ’ %Cr + 3.3 x %Mo + 30 x %N
VDM® Alloy 31 is suitable only for applications in organic chemistry a

only in low concentrations below 5% and this only at room temperatu

shown by the ISO corrosion diagram in hydrochloric acid in Fi
well as with acid concentrations in the range of 10 to 30%,

(0.02 iny

ear).

Figure 2 — Time-temperature sensitization diagram
(TTS), IC attack based on testing according to ASTM
G 28, method A

Figure 3 — Critical pitting temperature (CPT) in 10%
FeCl; x 6 H,O as a function of the corresponding
pitting resistance equivalents; determination with
staged temperature increases using the same samples

nd for processes in which hydrochloric acid occurs
re or slightly elevated temperatures. This is clearly

gure 4 and by other investigations at room temperature as
which yielded erosive corrosion rates of up to 0.5 mm/year
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120 4 248
Boiling curve
3 - 200 uw
- 80 - -

1] ]

E 2

I g

z 0.5 mm/a E

E

£ 40 4 o L 100 8
0.13 mm/a
(5mp

0 T T T
0 10 20 30 40 Figure 4 - ISO corrosion diagram of VDM® Alloy 31 in
Hydrochloric acid, by mass % hydrochloric acid, determined via static immersion
tests

Fields of application

Typical fields of application for VDM® Alloy 31 are:

Components for flue gas desulfurization plants

Plants for the production of phosphoric acid via the wet digestion process

Pipes and heat exchangers for sulfuric acids contaminated with chlorides

Pipes containing ocean water and brackish water, condensers and chillers

Pickling plants for sulfuric acid as well as nitric-hydrofluoric acid

Treatment of sulfuric acids from waste

Evaporation and crystallization of salts

Components for the cellulose and paper industry

Digestion of ores, e.g. in HIPAL (high-pressure acid leach) plants for the digestion of laterite ores
Mineral oil production and refineries

Organic acids and ester synthesis

Fine chemicals

Strain-hardened transport and feed pipes as well as slicklines, wirelines and flowlines in the transport of oil and
gas

= T

—
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Fabrication and
( heat treatment

VDM®AHoy 31 can be easily formed both hot and cold and can also be machined.

Heating

It is important that the workpieces are clean and free of any contaminants before and during heat treatment, Sulfur,
phosphorus, lead and other low-melting-point metals can result in damage during the heat treatment of the material
This type of contamination is also contained in marking and temperature-indicating paints or pens as well as in lubricat-
ing grease, oils, fuels and similar materials. The sulfur content of fuels must be as low as possible. Natural gas should
contain less than 0.1% by weight of sulfur. Heating oil with a maximum sulfur content of 0.5% by weight is also suitable.
Electric furnaces are to be preferred due to precise temperature control and lack of contaminants due to fuel. The fur-
nace temperature should be set between neutral ang slightly oxidizing and should not change between oxidizing and

reducing. The workpieces must not come in direct contact with flames.

Hot forming
VDM® Alloy 31 should be hot-formed in a temperature range of 1,200 to 1,050 °C (2,192 to 1,922 °F) with subsequent

rapid cooling in water or in air. For heating up, workpieces should be placed in a furnace that has been heated up to the
maximum hot-forming temperature (solution annealing temperature). Once the furnace has reached its temperature

heating necessary once the temperature reaches 1,050 °C (1,922 °F). Heat treatment after hot forming is recommended
in order to achieve optimal properties.

Cold forming
The workpieces should be in the annealed condition for cold forming. VDM® Alloy 31 has a significantly higher work

hardening rate than other widely used austenitic stainless steels. This muyst be taken into account during the design and
selection of forming tools and equipment and during the planning of forming processes. Intermediate annealing is nec-
essary for major cold forming work. For cold forming of > 15%. a final solution annealing must be conducted.

Heat treatment
Solution annealing should take place at temperatures between 1,150 ang 1,180 °C (2,102 and 2,156 °F). The retention
time during annealing depends on the semi-finished product thickness and can be calculated as follows:
¢ Forthickness d <= 10 mm (0.39 in), the retention timeist=qg=*3 min/mm
* Forthickness d = 10 to 20 mm (0.39-0.79 in), the retention time is
t=30min + (d— 10 mm) * 2 min/mm ‘
*  For thickness d > 20 mm (0.79 in), the retention time is t = 50 min + (d—20mm) * 1 min/mm

The retention time commences with materig| temperature équalization; longer times are generally considerably less
critical than retention times that are too short.

For maximum corrosion resistance, the workpieces must be quickly cooled from the annealing temperature of at least
1,100 to 500 °C (2,012 to 932 °F) with a cooling rate of >150 °C/min (>302 °F/min). The material must be placed in g
furnace that has been heated up to the maximum annealing temperature before any heat treatment. The cleanliness
requirements listed under "Heating" must be observed. For strip products, the heat treatment can be performed in a
continuous furnace at a Speed and temperature that is adapted to the strip thickness.
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Descaling and pickling

Oxides of VDM® Alloy 31 and discoloration adjacent to welds are more adherent than on stainless steels. Grinding using
extremely fine abrasive belts or grinding discs is recommended. It is imperative that grinding burns be avoided. Before
pickling in nitric-hydrofluoric acid mixtures, the oxide layers should be destroyed by abrasive blasting or fine grinding, or
pre-treated in in a fused salt bath. The pickling baths used should be carefully monitored with regard to concentration

and temperature.

Machining

vDM® Alloy 31 should be machined in the heat-treated condition. Because of the considerably elevated tendency to-
ward work hardening in comparison with low-alloy austenitic stainless steels, a low cutting speed and a feed level that is
not too high should be selected and the cutting tool should be engaged at all times. An adequate depth of cut is im-
portant in order to cut below the previously formed strain-hardened zone. Optimum heat dissipation through the use of
large quantities of suitable, preferably aqueous, lubricants has considerable influence on a stable machining process.

Welding
information

When welding nickel alloys and special stainless steels, the following information should be taken into account:

Workplace
A separately located workplace, which is specifically separated from areas in which C-steel is being processed, must be
provided. Maximum cleanliness is required, and drafts should be avoided during gas-shielded welding.

Aucxiliary equipment and clothing
Clean fine leather gloves and clean working clothes must be used.

Tools and machines

Tools that have been used for other materials may not be used for nickel alloys and stainless steels. Only stainless steel
brushes may be. used. Processing and treatment machines such as shears, punches or rollers must be fitted (felt, card-
board, films) so that the workpiece surfaces cannot be damaged by the pressing in of iron particles through such equip-
ment, as this can lead to corrosion.

Edge preparation

Welding seam preparation should preferably be carried out using mechanical methods through lathing, milling or plan-
ning. Abrasive waterjet cutting or plasma cutting is also possible. In the latter case, however, the cut edge (seam flank)
must be cleanly reworked. Careful grinding without overheating is also permissible.

Striking the arc
The arc should only be struck in the seam area, such as on the weld edges or on an outlet piece, and not on the com-
ponent surface. Scaling areas are areas in which corrosion more easily occurs.
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Included angle

Straight butt weld

Sheet thickness upte 2,5mm (< 0.10 in.)

Single-V weld

Sheet/plate thickness
2.0-15 mm (0.08 — 5 in.)

i
0-2mm{0- .08 in.)

Single-U weld
Plate thickness
12-25 mm (/2 - 1 in.)

VUL ARULUL R RN Y ]

approx. 2 mm approx. 1.5mm (.06 in.)

Double-V weld

Piate thickness
60 -70° 16-25 mm G/e-1in.)

L]

\\\\\\\\\\\‘{\\\\\\\\\\}

up to 2mm
(<.08in.}

approx. 2mm [t

Double-U weld
150

Plate thickness
>25mm (> 1in.)

\

AN
\\\\\\\\\\N.\\\\\\\t\\\\\\‘«\\:

R=6

Figure 5 - Seam Préparation for welding nicke| alloys
and special stainless steels

Cleaning
Cleaning of the base material in the seam area (both sides) and the welding filler (e.g. welding rod) should be carried
out using acetone.

Welding technique
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ings. YWhen welding the root, care should be taken to achieve best quality root protection using pure argon (argon 4.6)
so that the welding edge is free of oxides after welding the root. Root protection is also recommended for the first and, in
certain cases depending on the welded construction, also for the second intermediate layer weld after root welding. Any
tempering colors must be removed while the welding edge is still hot, preferably using a stainless steel brush.

Welding filler
The use of the following fillers is recommended for gas-shielded welding methods:

Welding rods and wire electrodes:

VDM® FM 59 (material no. 2.4607)
UNS NOB059 AWS A5.14: ERNICrMo-13
DIN EN ISO 18274: S Ni 6059 (NiCr23Mo16)

or

VDM® FM 31 (material no. 1.4562)
UNS N08031
DIN EN ISO 18274: X1 NiCrMoCu32-28-7

The use of coated electrodes is possible.

Welding parameters and influences
It must be ensured that work is carried out using targeted heat application and low heat input as listed in Table 6 as an
example. The stringer bead technique is recommended. The interpass temperature should not exceed 120 °C (248 °F).

In principle, checking of welding parameters is necessary.

Heat input Q can be calculated as follows:

@~ ()

U = arc voltage, volts
| = welding current strength, amperes
v = welding speed, cm/min

Post-treatment

For the optimal performance of the work, insert the brush immediately after welding, i.e., while still warm, without addi-
tional pickling to the desired surface condition, i.e., discoloration can be removed completely. Pickling, if required,
should generally be the last operation in the welding process. Information contained in the section entitled "Descaling
and pickling” must be observed. Heat treatments are normally not required before or after welding.

Stabilizing annealing should be carried out on semi-finished products that have already been used at temperatures of
between 600 and 650 °C (1,112 and 1,202 °F) before they are used in this critical temperature range again after a repair
welding.
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Thickness  Welding  Filler material Root pass” Intermediate Welding  Shielding gas
technique and final passes speed
(mm) Diameter  Speed lin (A) Uin (V) lin (A) Uin (V) (ecm/min) Type Rate
(mm) (m/min) (Vmin)
3 manual TIG 2 - 90 10 110-120 11 15 11, R1 mit 810
max. 3% H2
6 manual TIG 2.2.4 = 100-110 10 120-140 12 14-16 11,R1mit 810
max. 3% H2
8 manual TIG 2.4 - 100-110 1 130-140 12 14-16 11, R1mit 810
max. 3% H2
10 manual TIG 2.4 - 100-110 11 130-140 12 14-16 I1,R1mit 810
max. 3% H2
3 autom. 1.2 1:2 4 = 150 11 25 I1,R1mit  12-14
TIG? max. 3% H2
5 autom. 12 1.4 s = 180 12 25 1, R1mit  12-14
TIG? max. 3% H2
3 autom. TIG 1 - - - 180 11 80 1, R1mit 1214
HD? max. 3% H2
10 autom. TIG 1.2 - - - 220 12 40 <11, R1 mit 12-14
HD? max. 3% H2
4 Plasma® 1.2 1 180 25 - s 30 11, R1mit 30
max. 3% H2
6 Plasma® 1.2 1 200-220 26 s - 26 11, R1mit 30
max. 3% H2
8 GMAW* 1 67 - = 130-140 23-27 24-30 11 18
10 GMAW* 1.2 67 & - 130-140 23-27 25-30 1 18

-

" It must be ensured that there is sufficient root protection, for example using Ar 4.6, for all inert gas welding processes.

2 The root pass should be welded manually (see manual TIG).

*' Recommended plasma gas Ar 4.6 / rate 3.0 to 3.5 Umin

“'For MAG welding the use of multicomponent inert gases is recommended.

Section energy kJ/cm:
autom. TIG HD max. 6; manual TIG, GMAW manual, autom. max. 8; Plasma max. 10

Figures are for guidance only and are intended to facilitate setting of the welding machines.

Table 6 — Welding parameters
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Availability

VDM® Alloy 31 is available in the following standard semi-finished forms:

Sheet
Delivery condition: Hot- or cold-rolled, heat-treated, de-scaled or pickled

Condition Thickness Width Length Piece weight
mm (in) mm (in) mm (in) Kg (Ib)

Cold rolled 1-7 (0.04-0.28) < 2,500 (98.43) 512,500 (492.13)

Hot rolled* 3-60 (0.12-2.36) < 2,500 (98.43) = 12,500 (492.13) < 1,650 (3,637.63)

* 2 mm (0.08 in) thickness on request

Strip
Delivery condition: Cold-rolled, heat-treated, pickled or bright annealed

Thickness Width Coil - inside diameter

mm (in) mm (in) mm

0.02-0.15 4-230 300 400 500 -
(0.0008-0.006) (0.16-9.06)

0.15-0.25 4-720 300 400 500 -
(0.006-0.01) (0.16-28.34)

0.25-0.6 6-750 - 400 500 800
{0.01-0.024) (0.24-29.5) -

0.6-1 8-750 - 400 500 600
(0.024-0.04) (0.32-29.5)

1-2 15-750 - 400 500 600
(0.04-0.08) (0.6-29.5)

2-3 25-750 - 400 500 600
(0.08-0.12) (0.98-29.5)

Rolled sheet — separated from the coil — are available in lengths from 250 to 4,000 mm (9.84 to 157.48 in).

Rod
Delivery condition: Forged, rolled, drawn, heat-treated, oxidized, de-scaled or pickled, twisted, peeled, ground or pol-
ished
Dimensions* ) Outside diameter Length
mm (in) mm (in)
General dimensions : 6-800 (0.24-31.50) 1,500-12,000 (59.06-472.44)
Material specific dimensions 10-400 (0.39-15.75) 1,500-12,000 (59.06-472 44)

* Further dimensions on request

Wire

Delivery condition: Drawn bright, % hard to hard, bright annealed in rings, containers, on spools and headstocks

Drawn Hot rolled
mm (in) mm (in)

0.16-10 (0.006-0.4) 5.5-19 (0.22-0.75)
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Publications

The following technical literature has been published about the material VDM® Alloy 31:

U. Heubner et al: Alloy 31, A New High-Alloyed Nickel-Chromium-Molybdenum Steel for the Refinery Industry and Re-
lated Applications; CORROSION 1991, Paper No. 321, NACE International, Houston, 1991.

M. Rockel und W. Herda: Zwei neue hochlegierte austenitische Sonderstahle mithéherem Molybdangehalt und Stick-
stoffzusatzen; Reprint from Stahl ‘92, Vol. 1, March 1992.

F. White: Superaustenitic stainless steels: Stainless Steel Europe, October 1992.
U. Heubner: Neue Werkstoffe fir den Apparatebau; Chemische Produktion, Vol. 11, November 1992.

M. Jasner, U. Heubner: Alloy 31, a New 6 Moly Stainless Steel with Improved Corrosion Resistance in Seawater; COR-
ROSION 1995, Paper No. 279, NACE International, Houston, 1995,

R. Kirchheiner, F. White, G. K. Grossmann: Nicrofer 3127 hMo — alloy 31: Ein austenitischer Sonderedelstahi — Eigen-
schaften, Verarbeitung und Anwendung in der Chemie und Umweltindustrie; Stainless Steel, 70 - 72 (19986).

U. Heubner, T. Hoffmann, M. Kéhler: Neue Werkstoffe fir die Chemische Verfahrenstechnik mit besonderen Anforde-
rungen an den Apparatebau; Materials and Corrosion 48, 785 ~ 790 (1997).

C. Voigt, G. Riedel, H. Werner, M. Kéhler: Kuhiwasserseitige Korrosionsbesténdigkeit von metallischen Werkstoffen zur
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