bVS - DEUTSCHER VERBAND . Information
FUR SCHWEISSEN UND nickel :v:clldr:li‘cgkglf alloys Sheet
VERWANDTE VERFAHREN E.V. Y DVS 0601
(German Welding Soclety)
{December 1938)

This Information Sheet has been prepared in cooperation with the manufacturers of nickel materials, nickel weld fillg
comparnies and acceptance organizations. It contains recommendations for the comect welding of nickel materials an
information on fahdcation, which takes account of the particuar metellurgical properties of nicke! materials.

if components, which are subject to accepfance or systems which require monitoring, are to be welded, refer to the

regufations in Clause 9.
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1 Foraword

Nickel and most nickel alloys behave simitary to z
stainless steels with regard to welding. The
hardenable solid-solution alloys can, pro

followed, be joined using all electr
processes and all resistance welding

2 Baslc materials
21 Definition ¢ \
ia|

Nickel alloys are ma E) ich nickel forms the
largest single constits
Table 1 contains a s n cffaltoys suitable for welding.

>

2.2 Standards and technical r ns
Nickel alloys are standardized worldwidy In any, the
chemical composition of th materals is

standardized
by DIN 17740 to DIN 177.
DHN 17750 to 17754. The
1736 Parts 1 and 2. These wi
European standards. Thg :
Sheets are to be consyfle
are used in the construd

ngth properties by
dealt with in DIN
superseded by
; 0V Material Data
era nickel and nickel alloys

to Clause 9).

23 Import:

2,31

P et t sitver metal with the atomic number

Somic weight 58.71. It has a density of 8.9 glom®.

car grades of pure nickel have a degree of purity
to 99.80% (DIN 17740). LC versions where the C-
Enpis limited 10 a maximum of 0.02% are used for
welded COmponents. This content remains in solution; a
higher content is precipitated out in the heat as graphite
impairs the ductility. Pure nickel is ferromagnetic at
temperature and becomes non-magnetic only above
°C. This means that no phase transformation takes
lace in the solid state. In the soft state it has a tensile
yield strength of apgroximately 100 N/mm®, a tensile
strength of 400 N/mm®, a high ductility and a high notched
bar impact work sven at very low temperatures (DIN
17750 to 17754). it can be easily worked in bolh the hot
and cold states and is well suitable for weiding. Nickel has
a high corrosion resistance against various salts and
alkaline media.

2.3.2 Nicke] alloys

Nickel yields a sesies of other metal (e.g. Co, Cu, Cr, Fe,
Mao) solid-solution alfoys over a wide concantration range,
which are used because of their resistance to corrosion
and scale and their specific physical properties.

Nickel forms intermetallic phases with the eiements Ti, Al,
tb and some other metals.

Nickel and copper form solid solutions in any mixture ratio.
Compared with pure nicke! metal, the NiCu alloys have the
advantage of higher mechanical strength, even at high
temperatures.

Nickel also produces solid-solution alloys with iron aver a
wide concentration range. Fe-Ni alloys are used
particulardy as physical materials. For welding technology,
iron alloy with 36% Ni (invar) has, as a tough at sub-zero
material, gained significance for diaphragm tanks of liquid
gas tankers and for pipelines.
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With chromium, nickel forms alloys over a wide range.
Nickel-chromium alloys bhave a high resistance to
corrosion and scale. The nickel-chromiume-iron alloys are
technically close to the austenitic chromium-nickel steels
(refer alsa to DIN 17742).

NiCr29Fe alley with 28% Cr is becoming increasingly
important. Because of its high chromium content it is more
corrosion resistant than NICri5Fe. Both materials are
resistant to numerous reducing and oxidizing media and
are largely immune o stress corrosion cracking.
Molybdenum is added to further improve corrosion
resistance (DIN 17744). The NiCMo alleys, e.qg.
NiMo1ECr16TI (Code 2.4B810) provide a substantial
resistance to aggressive oxidizing media, such as
mixtures of sulfuric and nitric acids.

The chromium-free alloy NiMo28 (Code 2.4617) has the
highest resistance to reducing media {(e.g. boiling
hydrochloric acid). Table 2 provides an overview of tater
nickel alloys, particularly those alloyed with chromium and
moiybdenum,
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their content of Al, Ti, Nb, intermetallic compounds

NiaTi, NizAl, NiaMb {y phase) with nickel. After elevated-
temperature age-hardening, they are high-temperature
resistant and are, for instance, used for paris of gas
furbines. These alloys have only a limited suitability for
fusion welding. Shielding gas welding and beam welding
methods are noimally used,

This group includes the heat resistant NiCr and NiCrCo
alloys (e.g. NiCr20Ti (Code 2.4951), NiCr20TiA) (Code
2.4952), NiCr20Co18Ti {Code 2.4969)), which are welded
only in the soft of solution-annaaled state. Stress cracks
can occur when welding in the hardened state. High weld
voltages are to be avoided. Intermediate annealing may be
necessary even after 1 to 3 passes.

The higher materials alloyed with Al and Ti are not suitable
for fusion welding. The recommendations of the material
manufacturer are to be followed when joining.

3 Sultabtlity of nickel alloys for welding

31 General

Nickel and non age-hardenable nickel allo
welded using all arc welding meth_ods P

The alloys are well suited to welding, but
features must be taken into account.

a2 Pore formation

Nicke! and nickel alloys tend n pores
Therefore, weld additives binding afloy
elements are to be used {e.g" fo bind the
nitrogen inta solid nitrides | 1736). Care must
he taken to ensure th of nitrogen is

minimized (e.g. sho‘arcs

33 SuscepﬂbllN
Sulfur strongly e Wusion point of nickel by

forming nickel su 5% 5, a nickel-nickel sulfide-
eutectic with a fusi intfbf 645 °C is present, as shown
G gram. The solubility limit for
sulfur in ni is UNQ5%,; higher contents are precipitated
as NiySz = t 400 °C.

tad at the grain boundaries and under
5 cause hot cracking and cold brittleness.
eynliness when welding and the careful
bstances containing sulfur (grease, paint,

from the area of the weld before welding are
by necessary, as

is also an oven atmosphare which is completely sulfur free
when annealing.

Low melting-point metals (e.g. lead, arsenic, zinc)
have similar negative effects.

4 Geaneral information on welding

Particular attention is to be paid to the clean
system and workpieces for all welding proces
area of the weld must be clean on a
metallically bare. Oxide films which can G
prolonged storage of pre-fabricated parts_ba
are to be removed by pickling (after deg
thoroughly rinsed with water (refer to Cf

Buring multi-pass welding, slag a
carefully removed from the individu
this can only be achieved by g
also be clean. Brushing should
with stainless brushes

which are free of halog
degreasung and cleanlng t ld must be approved
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Sand blasting with i
Tools and working

sting media is possible.
f stainless steels shall

41 on on weld preparation
The weldi Id filers is more viscous than
that of arger included angles and a

are to be provided for certain root
up to approximately 1.5 mm thick are
welding or butt welding without fillers.
approximately 3 mm thick are joined usm%
> oy means of a square butt or V weld with a 7
ancluded angle. Thicker plates up to appro:amately
3 are joined using V welds with a 70° to 90° included
the case of U butt welds (up to approximately 20
mm plate thickness) or double-U butt welds for larger plate
ickness above 20 mm, an angle of bevel of
proximately 15° shall be provided. This also applies as
ppropriate for other types of weld.

5 Welding processes and fillers

Coated stick electrodes, wire elecirodes, welding rods and
welding wires are standardized in DIN 1736 Parts 1 and 2.
Other standards {USA) are AWS A 5.11 and AWS A 5.14.
European standards {(EN) are in course of preparation
{table 3).

&1 Manual arc welding

The basic coated stick electrades are weided to the
positive pole. Al welding positions except vertically
downward are possible, horizontal positions are desirable.
Controlled heat input and the stringer technigue are
recommended. Welding is camed out using short arcs the
same as with austenitic stainless steels. Arc striking pores
can be aveided using a positioned plate or by striking the
arc on the weld edge followed by overwelding. End-of-weld
craters are to be carefully filled fo avoid crater cracking; if
rnecessary, the next bead is to be ground out before
welding.

5.2 Tungsten inert gas welding (TiG)

The TIG method is preferred for thin cross sections {up o
approximately 3 mm thick) and for root bead deposition
(without back-step welding). The TIG weld metal also
offers the maximum possible corrosion resistance. The
weld fillers are standardized in DIN 1736. They contain
gas binding additives {Ti, Al, Nb) with a composition which
is otherwise the same as the associated base metals.
Welding is carried out using direct current with the
tungsten electrode connected to the negative pole.




