Introduction

High-quality joints are readily produced in nickel
alloys by commonly used welding processes. Some
of the characteristics of nickel alloys result in
somewhat different techniques than used for other
materials, but the differences do not increase the

difficulty of welding operations.
[Speris el Corporaion] manufactures compan-
ion welding products for the full range of its

wrought alloys. The covered electrodes and bare
filler wires are designed to match the high level of
performance delivered by the alloys and to ensure
single-source reliability in welded fabrications.
The line of welding products also includes high-
quality consumables for welding cast irons and for
joining dissimilar metals. Descriptions and proper-
ties (;f the products are given in a separate publica-
tion.

The choice of welding process should be based on
(1) thickness of metal to be joined, (2) design of the
unit, (3) design of the joint, (4) position in which the
joint is to be made, (5) need for jigs or fixtures,
(6) service conditions and corrosive environments
to which the joint will be exposed, and (7) special
shop or field-construction conditions.

Unless specifically noted otherwise, all proce-
dures described in this publication are intended to
be used with annealed base materials.

Welding procedures for nickel alloys are similar
to those used for stainless steel. The thermal ex-
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pansion characteristics of the alloys approximate
those of carbon steel, and essentially the same
warping or distortion can be expected during weld-
ing.

All weld beads should have slightly convex con-
tours. Flat or concave beads should be avoided.

Preheating is not required. If the base metal is
cold, 85°F (2°C) or less, however, an area of about
12 in. (300 mm) surrounding the weld location
should be warmed to 60°-70°F (16°-21°C) to prevent
the formation of condensate. Moisture can cause
porosity in the weld metal.

The properties of welded joints in nickel alloys
are comparable to those of the base metals in the
soft temper. No postweld treatment, either thermal
or chemical, is needed to maintain or restore corro-
sion resistance. In most media, the corrosion resis-
tance of the weld metal is similar to that of the base
metal.

Postweld thermal treatment may be required for
precipitation hardening. Postweld stress relief may
be necessary to meet specification requirements or
to avoid stress-corrosion cracking in applications
involving hydrofluoric acid vapor or caustic.

Proper safety procedures % % * must be followed
during all welding operations.

Values reported in this publication were derived
from extensive testing and experience and will be
typical of the subject discussed, but they are not
suitable for specifications.
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Welding

Surface Preparation

Cleanliness is the single most important require-
ment for successful welding of nickel alloys. At
high temperatures, nickel and its alloys are suscep-
tible to embrittlement by sulfur, phosphorus, lead,
and some other low-melting-point substances. Such
substances are often present in materials used in
normal manufacturing processes. Examples are
grease, oil, paint, cutting fluids, marking crayons
and inks, processing chemicals, machine lubri-
cants, and temperature-indicating sticks, pellets,
or lacquers. Since it is frequently impractical to
avoid the use of these materials during processing
and fabrication of the alloys, it is mandatory that
the metal be thoroughly cleaned prior to any weld-
ing operation or other high-temperature exposure.

The depth of attack will vary with the embrit-
tling element and its concentration, the alloy sys-
tem involved, and the heating time and tempera-
ture. Figures 1, 2, and 3 show typical damage to
welded joints that can result from inadequate
cleaning.

For a welded joint in material that will not be
subsequently reheated, a cleaned area extending 2
in. (50 mm) from the joint on each side will nor-

Figure 1. Suifur embrittiement of root bend in Nickel 200 sheet. Left side of joint cleaned
with sofvent and clean cloth before welding; right side cieaned with soivent and dirty cloth
exhibits cracking.

mally be sufficient. The cleaned area should in-
clude the edges of the workpiece and the interiors of
hollow or tubular shapes.

The cleaning method depends on the composition
of the substance to be removed. Shop dirt, marking
crayons and ink, and materials having an oil or
grease base can be removed by vapor degreasing or
swabbing with suitable solvents. Paint and other
materials not soluble in degreasing solvents may
require the use of alkaline cleaners or special pro-
prietary compounds. If alkaline cleaners that con-
tain sodium sesquisilicate or sodium carbonate are
used, they must be removed prior to welding. Wire
brushing will not completely remove the residue;
spraying or scrubbing with hot water is the best
method.

The manufacturers’ safety precautions must be
followed during the use of solvents and cleaners.

A process chemical such as a caustic that has
been in contact with the material for an extended
time may be embedded and require grinding, abra-
sive blasting, or swabbing with a 10% (by volume)
hydrochloric acid solution followed by a thorough
water wash.

Defective welds can also be caused by the pres-
ence of surface oxide on the material to be joined.

Figure 2, Typical effect of lead in MONEL alloy 400 welds.



The light oxide that results when clean material is
exposed to normal atmospheric temperatures will
not cause difficulty during welding unless the ma-
terial is very thin, below about 0.010 in (.0254 mm).
However, the heavy oxide that forms during expo-
sure to high temperatures (hot-working, heat-
treating, or high-temperature service) must be re-
moved.

Oxide must be removed primarily because it
melts at a higher temperature than the base metal.
For example, Nickel 200 melts at 2615°-2635°F
(1435°-1446°C), whereas nickel oxitle melts at
3794°F (2090°C). During welding, the base metal
may melt and the oxide remain solid, causing lack-
of-fusion defects. The oxide should be removed from
the joint area by grinding, abrasive blasting, ma-
chining, or pickling.

Figure 3, Combined effects of suffur and lead contamination. Specimen removed from
fatty-acid tank previously fined with lead and not properly cleaned before installation of
MONEL alloy 400 lining.

Surtace Preparation
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Joint Design

Various joint designs are used for the nickel alloys.
Some examples are shown in Figure 4. Approxi-
mate amounts of weld metal needed with those de-
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Figure 4. Typical joint designs.



Welding

signs are given in Table 1. The same basic designs the designs in Figure 4, however, is required for
are used for all welding processes. Modification of submerged-arc and some gas-metal-arc welding.

(continued on page 6)

Table 1 — Weld Metal Required for Various Joint Designs

X
Base Width of Waight of
Joit Type Material Bead of Max, Root Electrode
Thickness Groove Spacing Approx Amount of Metal Deposi Required *
inn. |[mm| in mm i | mm o[ it | em¥m | Wit | kgm Ibft kgm
Square Bult  Reinforcement
fate 0037 | 0%4 | 18 38 | o[ o | o7 [ a7 002 | 0029 | 0025 0087
. 10__-?‘-5"'“) 000 | 1271 5@ | 37 (0 | 0 | o3 | 70 | 004 | 006d | o006 0079
il o062 | 157 | a6 | 47 |0 | o | o013 | 70 | oo4 | oo | 006 0089
0093 | 236 | 3164 | 476635 [ 182 | 0792 | 018 | 97 | o006 | 0080 | o008 0119
Removtabd CopetBackig 0125 |38 | 14 | 63 | 16| 159 | 02 12 | o7 | o104 | 009 0.134
Square 8ut  Reinforcement
'(g“;‘gfsm, wfas| w | 6% |weome| os | 19 | o1 | oes | ot 0223
-y Y16 | 476 | 38 953 | w6 | 158 | o7 | 4 | o024 | 0%7 | o0& 0476
v (e | me | 10 || 2% oo | s | o3t | 0461 | ok 0625
Voo Reiv, -0 16 | 476 | 035 89 [ [am| o2 | % [ o2 | o0m | on 0461
Co2omm) | VA |8 081 | 130 (647 | 19 | 75 | 0483 | 085 | 06 0908
- Wy 516 (794 | 081 | 150 6| 476 | 184 | 99 | 0582 | 086 | 080 119
3 |os3| om | 180 || 4| 236 | 1 | oms | tm 102 152
woer| o9t | 20 |¥6[ 46| 368 | 198 | 116 [ 1B 159 237
58 (1591 116 | 205 (36| 47 | 510 | o7 16 | 240 221 3%
Removéadle Copper Backing
VGoove  Renl. 04-08
(1620 mm)
2 |63 | 041 | 104 |32 28| 138 | 22 | 02 | 065 | 058 0863
56 (794 | 051 | 130 Jm [ 23| 7 | w2 | o054 | 08B [ 074 110
! 3 |9s3| o065 | 165 |48 | a8 | 230 | 124 | o7 | 109 100 149
) 17| o8 | 26 |18 |38 | 38 | ar | 12| 18 167 249
Mo Backing Used. Under Side of
Vs Chigpe 06 Wt 58 159 | 106 | 269 | 18| 318 | 48 | 29 146 | ot 200 28
Double ¥ Groave
¥ 1 | 127 040 | 102 [ 18|38 | 265 | 12 | om | 13 116 173
58 (159 049 | 24 | 18| 318 | 345 | 185 18 | 181 148 22
4 (01| 0. | 157 |8 | 38| 400 | a7 146 | 2w 200 298
54 081 | 206 |38 770 | 4 22 | 360 3% 4
| 38| 18 | %2 | 18| 318 | 9% | 4% | 2% | 43 40 5%
1 |127] o679 | 172 |18 | 31| 32 | 10 | 18 141 209
58 | 159 o5 | 189 | 18 | 318 | 43 | 25 138 | 20 190 28
4 [194] 0813 | 27 |18 |am| 53 | 168 | 250 230 342
1| 254|097 | 243 |18 (318 | 83 | 49 | 265 | 391 360 5%
4 [ 318| 1078 [ 278 | 18 | a8 | 1148 | 617 | as2 | 5% 4% 738
{381 1215 [ 309 | 18| 318 | 1516 | 815 49 | 713 655 974
19 | 45| 1349 | 343 | 18| 318 | 18%0 | 1016 | 5% | 890 819 121
2 |s08| 1485 | 77 | w8 | 38| 245 | 1w | a0 | 10 | 1012 154
Doutie U Groove e,
e i% omp | 1 [Ba] oem | 2 18| 38| e | 206 | 807 28 419
Y 4| 38| ons [ 189 | 18| 38| &7 [ 4w | 276 | 4n 380 566
12 (31| 083 | 207 | 18| 318 | 086 | 51 3% | 50 480 685
2 {508 0857 | 43 | 18| 318 | 1666 | &% 5% | 18 720 107
22 [ 65| 10 | 73 | w8 | a8 | 2% |12 | 724 [ 108 982 148
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Table 1 — Weld Metal Required for Various Joint Designs

Joint Design

Approx
Base Width of Welght of
Joint Type Material Bead or Electrode
Thickness Groove Approx Amount of Metal Deposited Required *
| Thickness
in. mm in. mm It | em¥m | It kg/m It kgm
Bovel Groove 114 635 0125 318 0.2 18 007 0104 009 0134
Reinf. 04".08" 516 794 0.188 476 040 215 013 0193 017 0.253
{1.0-2.0 mm) 38 983 0250 635 061 28 0.19 0.283 0.5 0.387
| Mng 17 127 0.375 953 120 65.1 038 0.566 052 0.774
58 159 0500 127 198 106 083 0838 086 128
34 19 0625 159 295 159 083 138 128 190
1 254 0875 22 557 29 17 263 242 380
Double J Groove
R, 408" 1 %4 | 0500 127 47 | 5|14 | 2 20 298
(10200) . ¥ 4 | 38 | 058 143 6% | 190 | 28 26 387
A 112 381 0594 151 810 435 256 KX} 35 521
194 45 0.625 159 983 528 3 463 43 640
2 508 0.656 167 12.06 648 381 567 52 1
214 572 0.688 175 1429 768 451 671 62 928
212 835 0.750 194 16.68 897 527 784 72 107
Double Bevel Groove
Reinl, 04" 06" 172 127 0.188 476 078 49 025 0372 034 0.506
{1020mn) 5 | 169 | 020 635 124 | 67 | 039 | 050 054 0804
N Y 4 9.1 0313 795 178 95.7 056 0833 o7 115
1 264 0438 14 313 168 099 147 136 202
114 318 0563 143 487 262 154 229 215 320
12 | 81 0.688 175 700 376 22 32 303 451
134 45 0613 207 947 509 300 446 409 609
2 508 0938 288 23 863 390 580 535 7%
J Groove
Reinf. 04"-08" 1 254 0625 159 5.64 303 1.78 285 24 357
(1.0-20 mm) 1114 38 0719 183 791 425 280 3 34 506
112 81 0.781 198 1020 548 3 481 44 655
134 | 45 0875 22 1295 696 409 607 56 833
2 508 0.969 A8 16.60 83 493 734 68 104
214 572 1.031 %7 18.35 97 580 863 80 19
2112 835 1094 78 2195 1180 694 103 95 141
Gomer we | 15| - - 005 269 002 | 002 o 0060
32 238 - - 009 484 003 0045 0.05 0074
:ﬁ 13 318 - - 015 806 0.05 0074 007 0.104
AP 6 476 - - 033 177 010 0.149 0.14 0.208
14 6.35 - - 059 37 019 0283 0.26 0.387
g 56 | M| - - o | w5 | om | o | 0w 0585
38 953 - - 132 no 042 0625 057 0.848
R 127 - - 235 126 074 110 102 152
Filet - - 18 8 009 484 008 | 0045 004 0,080
- - 16 476 02 1ne 007 0.104 0.10 0.148
w - 14 6.35 038 204 0.12 0179 0.8 0.238
i’ Sl - ste | 7m | os | a7 | ot | o | o 0387
- - 38 953 084 452 027 0402 037 0551
- - 17” 127 150 806 047 0699 064 0952
- - 58 159 24 126 074 110 1.01 150
- - 4 181 3% 182 107 159 146 217
- - 1 254 6.00 323 190 283 260 387




Weiding

Joint designs for submerged-arc welding are
shown in Figure 5. Table 2 indicates the amounts of
weld metal needed with compound-angle, single-U,
and V joints. The double U-groove is the preferred
design for all joints that permit its use. That design
gives a lower level of residual stress from welding,
and it can be completed in less time and with less
filler metal.

The joint designs shown in Figure 4 are also used
for gas-metal-arc welding, with one important ex-
ception. For globular, spray, and pulsing-arc weld-
ing, the U-groove design must be modified. The
root radius should be decreased by about 50%, and
the included angle should be doubled. With those
processes, the use of high amperages on small-
diameter wire produces high levels of arc force. The
force is such that the are cannot be deflected from
a straight line, as it can in shielded metal-arc weld-
ing. Because the arc must contact all areas to be
fused, the joint design must provide intersection
with the arc-force line.

Design Considerations

As for joint designs in any material, the first con-
sideration in designing joints for nickel alloys is to
provide proper accessibility. The joint opening
must be sufficient to permit the torch, electrode, or
filler metal to extend to the bottom of the joint.

In addition to the basic requirement of accessibil-
ity, the characteristics of nickel-alloy weld metal
necessitate joint designs different from those used
for other common materials. The most significant
characteristic is the sluggish nature of the molten
weld metal. Unlike steel weld metal, nickel-alloy
weld metal does not spread. The operator must
place the weld metal at the proper location in the
joint. The joint must, therefore, be sufficiently open
to provide space for manipulation of the torch or
filler metal.

A second characteristic is the lower weld pene-
tration inherent with nickel alloys. The lower pen-
etration makes necessary the use of smaller lands
in the root of the joint. Increases in amperage will
not significantly increase the penetration of the
arc, and welding at amperages beyond the recom-
mended range can overheat the electrode. Over-
heating of coated electrodes can cause the flux to

i
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318 mm)
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(6.4-9.5 mm)

Figure 5. Joint designs for submerged-arc wekding.

flake off as the coating binder breaks down from
the heat. Overheating also causes puddling of the
molten weld metal and resultant loss of deoxidiz-
ers, leading to unsound welds.

Many different joint designs might be capable of
carrying a given calculated load. The designer
should estimate the cost for edge preparation and
welding as well as the influence of joint design on
expected service life. The most economical joint is
usually that which requires the minimum of prepa-
ration, welding material, and welding time for the
desired result.

Groove Joints
Beveling is usually not required for groove joints in
material 0.093 in (2.36 mm) or less in thickness.

Material thicker than 0.093 in (2.36 mm) should
be beveled to form a V-, U-, or J-groove, or it should
be welded from both sides. Otherwise, erratic pene-
tration will result, leading to crevices and voids
that will be potential areas of accelerated corrosion
in the underside of the joint. It is generally that
surface which must withstand corrosion. Notches
resulting from erratic penetration can also act as
mechanical stress raisers.

For the best underbead contour on joints that
cannot be welded from both sides, the gas tungsten-
arc process should be used for the root pass.

For material over %/s in (9.5 mm) thick, a double-
U or double-V joint design is preferred. The added
cost of preparation is justified by the decreased
welding material and lower welding time needed to
complete the joint, and less residual stress will be
developed than with a single-groove design.

As shown in Figure 4, V-groove joints are nor-
mally beveled to an 80-degree included angle, and
U-groove joints to a 15-degree side angle and a 3/16-
in to 5/16-in (4.8-8.0 mm) bottom radius. Single bev-
els for T-joints between dissimilar thicknesses of
material should have an angle of 45 degrees. The
bottom radius of a J-groove in a T-joint should be
3g-in (9.5 mm) minimum.

Corner and Lap Joints

Corner and lap joints may be used where high serv-
ice stresses will not be developed. It is especially
important to avoid their use at high temperatures
or under thermal or mechanical cycling conditions.
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Table 2 — Metal Required for Submerged-Arc Butt Welds in Plate

Joint Design

Compound Angle Joint Single U Joint V Joint
B
Ty
L' g
(318 mm) 318 mm)
(3
e
clok—
A o 4 @ % W 4 AT |0 10 10 15 15 15 0 w0 [A|® 70 6
B° |10 10 10 5 10 10 |Rin |36 14 &6 ¥6 14 56 36 4 |Bi| 0 0 14
o) | 6760 ©3) (39 @16 63 0 @1 63| (on] 0 0 (639
Cin |3 12 3% ¥ % M Gmnl O 0 0 0 0 0 W M
on) |53 (27 05) O5) G5 @) [mm| 0 0 0 o0 o 0 (5% (63
Din]o 0 0 0 W
oo 0 0 0 (% 63
Plate
— Approximate Amount of Metal Deposited, Ivtinear f
in.
1 215 24 195 28 28 At 145 177 2B 1680 1% 217 28 269 19 1% 28
i 30 3% 288 295 3% 42 27 247 28 2% 273 3B 32 48 - - =
0 410 4B 379 408 517 548 276 3% 368 38 38 414 4 4R - - -
13 ST 616 4% 52 643 678 3% 42 47 42 A% 53 5M 5B - -
2 6% 761 5% 68 M & 43 506 576 54 5% 680 621 6 - - =
244 75 8% 713 810 92 98 532 610 687 6% 728 79 7% 17 - - -
242 890 1045 840 968 1070 1120 63 720 &0 74 874 9% 8K 950 - - -
23 1028 1205 968 1140 1221 1281 240 7% 93 941 10X A7 9% 1091 - - -
3 UTT 1373 118 620 139 W8 450 967 1070 1100 1200 1290 1136 1243 - -
4 1830 1548 1272 1515 1574 1629 985 1100 1220 1278 1380 1480 1284 1399 - - -
32 U 7R U0 UM 172 1817 120 1245 1370 1460 1578 1690 1442 1567 - - -
3% 1670 1925 1600 1950 1945 2015 261 1395 150 1647 1780 190 1606 1740 - - -
4 1850 200 1770 2078 2% 218 W0 1560 1700 1863 000 2040 178 1828 - - -
Piate
Tick: Approximate Amount of Metal Deposited, kyfinear m
)
mm
% 2 408 20 3R 47 A% 27 268 302 23 28 3B 354 40 24 2% M
2 461 5M 42 4% 5R 6 308 368 4% 35 406 4% 478 53 - T
% 610 70 564 607 760 &1 41 484 548 481 54 616 616 689 - - -
“ 78 90 47 I8 95 WM 525 613 701 628 708 78 185 85 - - -
51 o4 1B 88 98 115 1216 650 75 857 7% 887 98 92 1027 - - -
57 25 133 1061 1205 136 143 7% 98 102 979 108 118 10 121 - - -
& 1624 1655 1250 1441 1592 1867 G2 1071 205 182 1301 M2 1284 1M - - -
n 1630 179 1441 1697 1817 1806 100 1088 1594 1400 1533 1682 1478 1624 - - -
% 75 243 1664 1964 075 2182 1280 1430 1592 1687 1786 1920 1691 1850 - - -
8 1879 204 189 25 8% 424 1465 1637 1816 1902 05 208 1911 282 - - -
8 2B BB NB B BE 204 1667 1855 2039 2473 24 B15 24 232 - - -
% uB B BY R BE 2N 1877 A7 27 U5 K BB BN 58 - - -
102 TR NB BH 4 L B0 0% B2 BN AN A N B4 A8 - - -




Welding

Butt joints, where stresses act axially, are pre-
ferred to corner or lap joints, where stresses tend to
be eccentric.

When corner joints are used, a full-thickness
weld must be made. In most cases, a fillet weld on
the root side will be required.

Jigs and Fixtures

In the fabrication of thin sheet and strip, jigs,
clamps, and fixtures can reduce the cost of welding
and promote consistent, high-quality welds. Proper
Jjigging and clamping will facilitate welding by
holding the material firmly in place, minimizing
buckling, maintaining alignment, and when
needed, providing compressive stress in the weld
metal.

Steel or cast iron may be used for all parts of
gas-welding fixtures, but for arc welding, any por-
tion of the fixture apt to be contacted by the arc
should be made of copper.

Backup or chill bars should be provided with a
groove of the proper contour to permit penetration
of weld metal and to avoid the possibility of gas or
flux being trapped at the bottom of the weld. The
width of the groove and the spacing of hold-down

£ L - 3
gy ) N
(4.8-6.4 mm) (3.2 mm)
Drlled for Root Gas Purge
z - 3
Y1 015-038
(4.8-6.4 mm) {0.381-0.889 mm)
Standard Design
Figure 6. Groove designs for backup bars.

bars should be adjusted to obtain a proper balance
between restraint, heat transfer, and heat input.

Grooves in backup bars for arc welding should be
shallow. They are usually 0.015 to 0.035 in (0.381-
0.813 mm) deep and 3/16 to s in (4.8 to 6.4 mm)
wide. The grooves are normally rounded; drilled
grooves are generally used in conjunction with
backup gas. Both types are shown in Figure 6. For
oxyacetylene welding, backup bars should be
grooved to /16 in (1.6 mm) maximum depth and to
an approximate width of 516 in (8.0 mm).

Nickel alloys require about the same amount of
clamping or restraint as mild steel. The hold-down
bars should be located sufficiently close to the weld
to maintain alignment and the proper degree of
heat transfer. Except as described below, the hold-
down pressure should be only sufficient to main-
tain alignment of the parts.

The restraint provided by a properly constructed
fixture can be utilized to particular advantage
when the gas tungsten-arc process is used to weld
thin material. If the groove is appropriately con-
toured and if a high level of hold-down force is used
with the hold-down bars placed near the line of
welding, the expansive force created in the exposed

Tabe 3 — Approximate Curment Settings for Downhang Welding®

MONEL Nickel-Copper Alloys
Base Materlal Thickness Electrode Diameter Current,

in mn In mm A
0087 09340 ¥32 24 b
0043 109 ¥R 24 5
0.050 127 ¥R 24 b
0.062 187 332 24 50
0.078 198 ¥R 24 8%
0.083 23% ¥32 24 60
0.109 2n 332 24 ]
0.109 an 18 32 65
0.125 318 18 32 75
0.140 356 18 32 8
0.156 3% 18 32 %
0.125 318 532 40 100
0.140 35 532 40 110
0.156 3% 532 40 115
0.250 635 3 40 150
and up and up
0375 953 316 48 170
0.500 17 16 48 1%
and up and up




welding area will result in compressive force in the
weld. The compression will have an upsetting effect
on the hot weld metal, and welds having a slight
top and bottom reinforcement can be produced
without filler metal.

Shielded Metal-Arc Welding

In general, shielded metal-arc welding is used for
material about /16 in (1.6 mm) and over in thick-
ness. Thinner material, however, can be welded by
the process if appropriate jigs and fixtures are used.

Electrodes
In most cases, the composition of the electrode re-
sembles that of the base metal with which it is
used. It has been adjusted to satisfy weldability
requirements.

Prior to use, electrodes should be left in their
sealed, moistureproof containers in a dry storage
area. All opened containers of electrodes should be
stored in a cabinet equipped with a desiccant or
heated to 10°15°F (6-8°C) above the highest ex-
pected ambient temperature.

Electrodes that have absorbed excessive mois-
ture can be reclaimed by rebaking. Electrodes

Joint Design
Shielded Metal-Arc Welding

should be rebaked at 600°F (316°C) for 1 hr or 500°F
(260°C) for 2 hr. Rebaking should be done in a
vented oven, and the electrodes must be removed
from the containers.

Electrode quantities required for various joint
designs are shown in Table 1. The choice of elec-
trode diameter should always be based on quality
requirements rather than speed of production.

Current

Each electrode diameter has an optimum amperage
range in which it has good arcing characteristics
and outside of which the arc becomes unstable or
the electrode overheats. The current density re-
quired for a given joint is influenced by such vari-
ables as material thickness, welding position, type
of backing, tightness of clamping, and joint design.
Some approximate current settings for downhand
welding with various material thicknesses and
electrode diameters are listed in Table 3. Slight
reductions (5 to 15 A) in current from the values in
Table 3 are necessary for overhead welding. Verti-
cal welding requires 10 to 20% less current than
downhand welding. Actual current should be devel-
oped on scrap material of the same thickness.

Table 3 — Continued

Nickel Alloys INCONEL and INCOLOY Alloys
Base Material Thickness, Eloctrode Diameter, Current, Base Material Thickness, Elgctrade Diameter, Cumrent,
in mm In mm in mm in mm A
0.037 0840 ¥ 24 b 0037 0840 ¥3 24 4
0.043 109 33 24 b 0043 109 ¥32 24 b
0050 127 ¥ 24 b 0.050 127 ¥R 24 b
0.062 157 ¥R 24 75 0.062 157 ¥R 24 60
0078 198 ¥ 24 8
0.083 2% ¥R 24 8 0.109 an 18 32 I
0125 318 18 32 7
0.156 3% ] 32 80
0.109 2n 18 32 105
0125 318 173 32 106 0.187 475 532 40 105
0.125 318 532 40 10 0375 953 316 48 140
0.140 356 532 40 130
0.156 3% 53 40 13%
0.187 475 532 40 150
and wp and up
0.250 635 6 48 180
0378 953 316 48 200
and up and up
i 01250 (3 i v
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Welding

Welding Procedure

Typical welding conditions for several different
joints are shown in Table 4. Whenever possible, the
work should be positioned to gain the advantages of
speed and economy provided by downhand welding.
Asindicated in Table 4, the recommended electrode
position for downhand welding is at an incline of 20
degrees from the vertical, ahead of the puddle. That
position facilitates control of the molten flux and
elimination of slag entrapment. It is essential that
a short arc be maintained.

Overhead and vertical welding usually require a
shorter arc and lower current than downhand weld-
ing. For vertical welding, the electrode should be
held at approximately a right angle to the base
material.

Because nickel-alloy weld metal does not spread,
it must be placed where required. Thus, it is neces-

Table 4 — Contions for Shiekded Metal-Arc Wekding

sary to weave the electrode slightly. The amount of
weave will depend on such factors as joint design,
welding position, and type of electrode. A straight
drag (stringer) bead laid down without weaving
may be used for single-bead work, or in close quar-
ters on thick sections such as in the bottom of a
deep groove. A weave, however, is generally desir-
able. When a weave is used, it should not be wider
than three times the electrode core diameter.

There should be no pronounced spatter. When
excessive spatter occurs, it is usually an indication
that the arc is too long, amperage is too high, polar-
ity is not reversed, or that the electrode has ab-
sorbed moisture. Excessive spatter can also be
caused by magnetic arc blow.

When the arc is broken for any reason, it should
first be shortened slightly and the travel speed in-
creased to reduce the puddle size. This practice re-
duces the possibility of crater cracking and oxida-

Base Materiat Thickness Root Spacing (5)
in mm n mm
— o
For For For For
Min. Max. Min. Max,
Joint Type* Position Min. Max. Min. Max. Thick, Thick. Thick. Thick.
Square Butt® Flat 0.037 0128 0940 318 0.156 116 3% 18
Vetical 0062 0125 157 318 0.156 16 396 16
ig Ovethead 0050 0.125 127 318 0.1% 32 3% 24
V Groove
Flat 0.5 0500 3% 127 116 18 16 32
V%f:;] Vertcal 017 | 047 | 47 111 16 i 16 32
(08-2.4 mm)
UGroove 15"
Flat 0500 - 127 - 1116 ] 16 32
Y Vertical 0500 - 17 - 116 32 16 32
ST 7§l \lip Wi
#8800 A 24mml
Lap Flat 0.037 - 0940 -
Vertical 0.062 - 1.57 - None None
[ Sm— Overhead 0062 - 157 -
Tee
o Flat 0.062 - 157 - None None
Vertical 0.062 - 157 -
g ! g Overhead 0.062 - 157 -
Lap Comner !
— Fiat 00 [0 | 7 318 None None
i Vertical 0.062 0.125 157 318
Overhead 0062 0.125 157 318
Comer
| S— Flat 0083 - 236 - None Nong
Vertical 0083 - 236 -
Overhead 0.093 - 236 -
+ §00% ponekacnis asned. . —




tion, eliminates the rolled leading edge of the
crater, and prepares the way for the restrike.
The manner in which the restrike is made will

Shielded Metal-Arc Welding

previous pass, and the restrike area is later ground
level with the rest of the bead. This technique is
used when welds must meet rigid radiographic in-

have a significant influence on the of the
weld. A reverse or “T” restrike is recommended.
The arc should be struck at the leading edge of the
crater and carried back to the extreme rear of the
crater at a normal drag-bead speed. The direction is
then reversed, weaving started, and the weld con-
tinued. This restrike method has three advantages:
(1) the correct arc length can be established away
from the unwelded joint, (2) some preheat is ap-
plied to the cold crater, and (3) the first drops of
quenched or rapidly cooled weld metal are placed

n d The method produces high-
quahty welds w1th less operator skill than the “T”
restrike.

Cleaning
The slag on shielded metal-arc welds can be re-
moved with hand tools or a powered wire brush. In
multipass welding, it is essential that all slag be
remnved before each bead is deposited.
olag removal from all completed welds is recom-
d. Re: 1 is datory for high-tempera-

where they can be remelted to minimize porosity. ture service.
Another commonly used restrike technique in-
volves placing the metal apt to be porous where it
can be readily removed. The restrike is made /2 to
1 in (13 to 25 mm) behind the crater on top of the
Table 4 — Continued
Eloctrode Diameter
Tack Welds in mm
For For For For
1 Spacing, Length, Spacing, Min. Max, Min. Max. Electrode Positions for
in in mm mm Thick. Thick. Thick, Thick. Downhand Welding®
18 3ord 16 T6or 100 ¥R 18 24 32
64
4o 12 6 o 150 " 16 32 48
13
1 8 ] 200 18 532 32 400
o6 48
14 [ 64 150 ¥R 532 24 400
o H16 48
o 12 6 64 150 ¥R 53 24 0o H
© o6 48 /
13
|s'.] 2
174 4 64 100 ¥ 18 24 32 /
45,
1 408 64 10010 ” 53 32 4010 /
20 LR 48 \:—_—h

¢ i 51 of more,

1



Welding

Gas Tungsten-Arc Welding

Gas tungsten-arc welding is widely used for nickel
alloys, especially for thin sections and when flux
residues would be undesirable. The process is also
the principal joining method for precipitation-
hardenable alloys.

Gas

The recommended shielding gas is helium, argon,
or a mixture of the two. Additions of oxygen, carbon
dioxide or nitrogen can cause porosity in the weld
or erosion of the electrode and should be avoided.?
Small quantities (about 5%) of hydrogen can be
added to argon for single-pass welding. The hydro-
gen addition produces a hotter arc and more uni-
form bead surfaces.

For welding thin material without the addition
of filler metal, helium has shown the advantages
over argon of reduced porosity and increased weld-
ing speed. With direct current and straight polar-
ity, speeds can be increased as much as 40% over
those achieved with argon. The arc voltage for a
given arc length is about 40% greater with helium,
and, consequently, the heat input is greater. Since
welding speed is a function of heat input, the hotter
arc permits higher speeds.

The arc is more difficult to start and maintain in
helium when the welding current is below about
60 A. When low currents are required for joining
small parts of thin material, welding should be
done with argon or a high-frequency current should
be added.

The correct gas-flow rate must be used. Rates
that are too low will not protect the weld; high rates
can cause turbulence and asgirate air into the §as
shield. For argon, 10 to 20 ft¥h (0.28 to 0.57 m%h)
is average for manual welding. Machine welding
may require considerably higher rates. Flow rates
for helium should be 12 to 3 times the rates for
argon to compensate for the lighter weight of he-
lium. The largest gas cup possible for the job should
be used, and the cup should be maintained at the
minimum practical distance from the work.

Both argon and helium are produced with a high
degree of purity, and care must be taken to main-
tain the purity during use. Even a small amount of
air will contaminate the protective gas shield and
cause porosity in the weld. The protective atmos-
phere can be disrupted by drafts, fans, or genera-
tors. Air movement from such sources should be
avoided, and a gas lens should be used on the torch
to stabilize the gas column and provide more effi-
cient shielding. Contamination can also result from
air picked up in the gas stream as it leaves the
torch or from inefficient distribution of the gas
shield around the electrode and joint. The protec-
tion afforded an edge weld is not as good as that for
a flat butt joint.

Proper maintenance of equipment is essential. If
the electrode extension cap or the gas cup is loose,

a venturi effect can be created that will draw air
into the gas. The O-rings in water-cooled equip-
ment should be checked periodically. An extremely
small leak can provide sufficient contamination to
cause porosity. The gas hose should also be in-
spected for pin-point holes which can allow air to
leak into the hose.

Electrodes
Either pure tungsten electrodes or those alloyed
with thorium may be used. A 2% thorium electrode
will give good results for most welding. Although
the initial cost of alloyed electrodes is greater, their
longer life, resulting from lower vaporization and
cooler operation, and their greater current-
carrying capacity make them more economical. Re-
gardless of the electrode used, it is important to
avoid overheating through use of excessive amper-
age.
The shape of the electrode tip can have a signifi-
cant effect on the depth of penetration and the
width of the bead, especially with welding current
over 100 A.% The best arc stability and penetration
control are achieved with a tapered tip. For most
work, the vertex angle should be between 30 and
120 degrees with a flat land of about 0.015-in (0.38
mm) diameter on the tip end. Larger angles
(blunter tips) can be used to produce narrower
beads and more penetration.

The electrode can be contaminated by contact
with the weld metal. If contamination occurs, the
electrode should be cleaned and reshaped.

Current

Direct current, straight polarity (electrode nega-
tive) is recommended for both manual and machine
welding. A high-frequency circuit for starting the
arc and a current-decay unit should be incorpo-
rated in the power-supply equipment.

A high-frequency circuit eliminates the need to
contact the work with the electrode to start the arec.
Contact starting can damage the electrode tip and
also result in tungsten inclusions in the weld
metal. Another advantage of a high-frequency cir-
cuit is that the starting point can be chosen before
the welding current starts, eliminating the possi-
bility of arc marks on the base material.

Rough, porous, or fissured craters can result from
an abrupt arc break. A current-decay unit gradu-
ally lowers the current before the arc is broken to
reduce the puddle size and end the bead smoothly.
Units with stepless control are preferred over those
using step reduction.

Filler Metals

Welding products for the gas tungsten-arc process
are, in general, similar to the base materials with
which they are used. Because of high arc currents
and high puddle temperatures, the filler metals are
alloyed to resist porosity and hot fissuring of the
weld.



Welding Procedure

The torch should be held at nearly 90 degrees to the
work; a slight inclination in the forehand position
is necessary for good visibility. An acute angle can
cause aspiration of air into the shielding gas.

The electrode extension beyond the gas cup
should be short, but it should also be appropriate
for the joint design. For example, an extension of
3/16 in (4.8 mm) maximum is used for butt joints in
thin material, whereas 3/s to L2 in (9.5 to 13 mm)
may be required for some fillet welds.

To ensure a sound weld, the arc length must be
maintained as short as possible. When no filler
metal is added, the arc length should be 0.05 in
(1.27 mm) maximum and preferably 0.02 to 0.03in
(0.51 to 0.76 mm). If filler metal is added, the arc
may be longer, but it should be the minimum con-
sistent with filler-metal diameter. As shown in Fig-
ure 7, an excessive arc length can cause porosity.

When filler metal is used, it must be the appro-
priate size for the thickness of material being
welded. The filler metal should be added carefully
at the leading edge of the puddle to avoid contact
with the electrode. The hot end of the filler metal
should always be kept in the protective atmos-
phere. Agitation of the puddle should be avoided.

Figure 7, Efectofarclength " P

ot MONEL alloy 400. Top weld made
with correct 0.050 in. {1.27 mm), arc length. Botiom wekd made with excessive, 0.450in.
(3:81 mm), arc length.

Gas Tungsten-Arc Welding

The molten pool must be kept as quiet as possible to
prevent burning out of the deoxidizing elements.

Filler metals contain elements which impart re-
sistance to cracking and porosity to the weld metal.
For optimum benefit from those elements, the com-
pleted weld should consist of at least 50% and
preferably about 75% filler metal.

Welding speed has a significant effect on the
soundness of the finished weld, especially when no
filler metal is added. For a given thickness of mate-
rial, there is an optimum speed range for minimum
porosity. Travel speeds outside that range, either
too fast or too slow, result in increased porosity.

Shielding of the weld root is usually required
with gas tungsten-arc welding. If a completely pen-
etrated weld is made in the open, the weld metal
exposed on the underside of the bead will be oxi-
dized or porous. Shielding can be provided by
grooved backup bars, inert-gas backing, or a back-
ing flux. If flux is used, it should be of a relatively
thick consistency. The flux should be applied in a
heavy layer on the root side of the joint and must be
allowed to dry thoroughly before the joint is
welded. As shown in Figure 8, moisture can cause
porosity. All slag must be removed from welds in-
tended for high-temperature or corrosive service.

Figure 8. Porosty in gas metal-arc weld caused by wet backing flux.



14

Welding

Gas Metal-Arc Welding

Gas metal-arc welding is performed on nickel al-
loys using either the spray, short-circuiting, or
pulsing-arc method of metal transfer. Globular
transfer can also be used, but the erratic penetra-
tion and uneven bead contour are conducive to de-
fect formation.

The methods of metal transfer have the same
areas of usefulness with nickel alloys as with other
materials. Short-circuiting transfer is normally
used for material up to about Vs-in (3.2-mm) thick,
and spray or pulsing-arc transfer for thicker mate-
rial. Short-circuiting transfer takes place at low
heat input and gives good results in joining mate-
rial such as thin sections that could be distorted by
excessive heat. It is also useful for out-of-position
welding. Spray transfer is accompanied by high
heat input, but it gives a stable arc and high depo-
sition rates. Spray transfer is generally limited to
flat-position welding. With pulsing-arc transfer,
the current has its peak in the spray transfer range
and its minimum in the globular range. Pulsing-
arc transfer provides the benefits of spray at a
lower average heat input, which allows the method
to be used in all positions.

Gas

The protective atmosphere for gas metal-arc weld-
ing is usually argon or argon mixed with helium.
The optimum shielding gas will vary with the type
of metal transfer used.

Spray and Globular Transfer

With spray and globular transfer, good results
have been obtained with pure argon. The addition
of helium, however, has been found to be beneficial.
Increasing helium content results in progressively
wider and flatter beads and less penetration.

The addition of oxygen or carbon dioxide to argon
will result in heavily oxidized and irregular bead
surfaces. Oxygen and carbon dioxide additions can
cause severe porosity in Nickel 200 and MONEL
alloys. Helium alone has been used, but it creates
an unsteady arc and excessive spatter.

Gas flow rates range from 25 to 100 ft%h (0.71 to
2.83 m%h), depending on joint design, welding posi-
tion, gas-cup size, and whether a trailing shield is
used.

Short-Circuiting Transfer

Argon with an addition of helium usually gives the
best results with short-circuiting transfer. Argon
alone provides a pronounced pinch effect, but it
may also produce excessively convex beads which
lead to cold lapping (lack of fusion). The wetting
action provided by helium results in flatter beads,
and the possibility of cold lapping is reduced.

Gas flow rates range from 25 to 45 ft3h (0.71 to
1.3 m%h). As the percentage of helium is increased,
the flow rate must be increased to maintain ade-
quate protection.

The size of the gas cup can have important effects
on welding conditions. For example, with 50:50

argon-helium at a flow rate of 40 ft3/h, (1.1 m3h) a
3/g-in-(9.5-mm) diameter cup limits wire feed to 250
in/min (6.4 m/min) and current to about 120 A.
With a 5/8-in-(16-mm) diameter cup, however, wire
feed can be increased to over 400 in/min (10.2
m/min) and current to 160-180 A without oxidation
of the weld bead.

Pulsing-Arc Transfer

Argon with an addition of helium is recommended
as the atmosphere for pulsing-arc transfer. Good
results have been obtained with helium contents of
15-20%. The flow rate should be at least 25 ft%min
0.71 m%h) and 45 ft¥min (1.3 m%h) maximum.
Excessive rates can interfere with the arc.

Filler Metals
Filler metals for gas metal-arc welding are the
same as those for gas tungsten-arc welding.

The proper wire diameter depends on the type of
metal transfer and the thickness of the base mate-
rial. In general, 0.062-in-(1.6-mm) diameter wire is
used with spray transfer, 0.035-in (0.9-mm) diame-
ter with short-circuiting transfer, and 0.045-in
(1.1-mm) diameter with pulsing-arc transfer.

Current
Reverse-polarity direct current should be used for
gas metal-arc welding with all methods of metal
transfer.

Spray transfer requires current in excess of the
transition point, the value at which transfer
changes from the globular to the spray mode. The
transition point is affected by variables such as
wire diameter, wire composition, and power-source
characteristics.

Constant-voltage power sources are recom-
mended for all gas metal-arc welding. For short-
circuiting transfer, the equipment must have sepa-
rate slope and secondary inductance controls.
Pulsing-arc transfer requires two power sources,
one for each of the two ranges. Switching back and
forth between the two sources produces a pulsed
output.

Welding Procedure

Best results are obtained with the welding gun po-
sitioned at about 90 degrees to the joint. Some
slight inclination is permissible to allow for visibil-
ity, but excessive displacement can result in aspi-
ration of the surrounding atmosphere into the
shielding gas. Such contamination will cause
porous or heavily oxidized welds.

Optimum welding conditions vary with the
method of metal transfer. Some typical conditions
are shown in Tables 5, 6, and 7.

The arc should be maintained at a length that
will not cause spatter. Too short an arc will cause
spatter, but an excessively long arc is difficult to
control. The wire feed should be adjusted in combi-
nation with the current to give the proper arc
length.

Lack of fusion can occur with the short-circuiting
method if proper manipulation is not used. The gun



should be advanced at a rate that will keep the arc
in contact with the base metal and not the puddle.
In multipass welding, highly convex beads can in-
crease the tendency toward cold lapping.

With pulsing-arc transfer, manipulation is simi-
lar to that used for shielded metal-arc welding. A
slight pause at the limit of the weave is required to

Gas Metal-Arc Welding

The filler wire and guide tube must be kept
clean. Dust or dirt carried into the guide tube can
cause erratic feed. The tube must be blown out peri-
odically, and the spool of wire must be covered
when not in use or cleaned after every extended
idle period.

avoid undercut.

Table 5 — Condifions for Pulsing-Arc-Transler Gas-Metal-Arc Wekding®

Typical Peak Average
Wire Feed Voltage, ¥ Yoltage, V Current, A
Filler Metal In/min mimin Range Typical Range Typical Range Typical
Nickel Fifler Metal 61 160 41 4546 46 202 A 90150 130
MONEL Filler Metal 60 140 36 3340 40 22 A 90-150 125
INCONEL Filter Metal 82 149 36 54 L33 202 21 90-150 10
]S‘E“ial Mela]‘s C‘orgaralinn | - e O8N
Table § — Parameters for Short-Circuiting Transler Gas Metal-Arc Welding?
Open- Feed
Cireut Welding Welding Wire Secondary
Voitage, V Yoltage, V Current, A in‘min wmin Inductance® Slope®
Filler Metal Range [Typical |Range [Typical |Range Typical |Range |Typical | Range Fypical (Range |Typical |Range |Typical
Nickel Filler Metal 61 2834 0 2024 2 ®-150 | 110 [200450 | 285 51114 80 512 [ 10 612812 | T
MONEL Filler Metal 60 a3 30 19-24 2 90150 | 110 (200450 | 275 51114 70 2 | 10 612812 | 8
MONEL Filler Meta 67 2736 8 1925 0 100475 | 130 1225450 | 275 57114 70 544 T | 67% | 6%
INCONEL Filler Metal 82 | 29-36 k¢j 2126 pa} 0150 | 115 [175:375 | 275 4495 70 1017 | 15 9% | 92
INCONEL Filler Metal 625 | 29-38 38 21-28 pal 90150 | 110 176375 | 275 4495 70 17 | 15 T | 9%
& 150 (3. T 109 mmpGa Ter 5% i oh (D99 M3,
y. Higher ‘socondary slope.
Table 7 — Conditions for Spray-Transfer Gas-Meta-Arc Welding®
Wire Wire
Diameter Feed Vottage, Current,
Filler Metal in mm inmin mmin A A
Nicket Filler Metal 61 0.035 09 425520 108132 632 200-300
0.045 11 21530 7081 2632 250-3%
0.062 18 175-220 4456 pags) 25350
MONEL Filler Metal 60 0.035 09 475520 121182 %632 175230
0045 11 250-300 6476 %32 225300
0.062 16 150-200 3851 a3 250-300
MONEL Filler Metal 67 0.03 09 475575 121148 2632 200-300
0.045 1.1 250320 6481 2632 2535
0.062 16 175-230 4458 78 275-350
INCONEL Filler Metal 82 0035 09 425520 108132 632 175240
0.045 11 250-310 6479 2632 2530
0.062 16 175220 4458 28 250-330
INCONEL Filtles Metal 82, 0.035 09 450-520 114482 26-32 175240
INCOLOY Filtter Metal 85, 0.045 11 250-310 6479 %32 225300
and INCO Filer Metal G-3 0.062 16 125200 3251 a% 250-330
INCONEL Filler Metal 92 0.035 09 450-620 14132 2632 175:240
0.045 8} 250-320 6481 2632 205300
0.062 16 125-200 3264 -8 250-330
INCONEL Filler Metal 617, 0035 09 450-600 114162 2632 180-245
INCONEL Filler Metal 625, 0.045 11 250-350 6489 263 25300
and INCO Filer Metal C-276 0.062 18 125-225 32567 pagcd) 250-330
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Welding

Submerged-Arc Welding

The submerged-arc process can be used to advan-
tage in many applications, especially for welds in
thick sections. For example, compared with auto-
matic gas metal-arc welding, submerged-arc weld-
ing provides 35-50% higher deposition rates,
thicker beads, a more stable arc, and smoother as-
welded surfaces.

Flux

Use of the proper flux is essential to successful
submerged-arc welding. In addition to protecting
the molten weld metal from atmospheric contami-
nation, the fluxes provide arc stability and con-
tribute important additions to the weld puddle.

Table 8 — Filler-Metal Deposition Rates

Filler Metal Vire Dia., Deposition Rate,>

and Fux® in | mm | Polaty [bh | kgh

INCONEL Filler Metal 16 | 16 Straight 1618 1 7382
82 with INCOFLUX 4 116 [ 16 Reverse 1417 | 6477
2| 24 Straight 221 | 9195
32 | 24 Reverse 117 | 7317

MONEL Fier metal 60 | 1/16 18 Straight 1647 | 7377
with INCOFLUX 5 116 16 Reverse 1416 | 6473
¥ | 24 Straight 202 | 9195
2| 24 Reverse 1617 | 7377

The flux burden should be only sufficient to pre-
vent arc breakthrough. Excessive amounts of flux
can cause deformed bead surfaces.

Fused flux is easily removed from most joints and
is self-lifting on exposed weld beads. The slag
should be discarded, but unfused flux can be recov-
ered by clean vacuum systems and reused. To
maintain optimum particle size, reclaimed flux
should be mixed with an equal amount of unused
flux.

Submerged-are fluxes are chemical mixtures and
are subject to moisture pickup. The fluxes should
be stored in a dry area, and open containers of flux
should be resealed for protection against moisture.
Flux that has absorbed moisture can be reclaimed
by baking at 600° to 900°F (315° to 480°C) for 2 hr.

Filler Metal
Filler metals for submerged-arc welding are the
same as those used for gas metal-arc welding.
Wire diameters in the range of 0.045 to 3/32in (1.1
to 2.4 mm) are used. The 1/16-in (1.6-mm) diameter
is generally preferred. Small-diameter wire is use-
ful for welding thin material, and the 3/32-in (2.4-
mm) diameter wire is used for heavy sections.
Table 8 gives representative deposition rates for
some filler metals.

Current

Direct current with either straight or reverse po-
larity is used. Reverse polarity is preferred for butt
welds because it produces flatter beads with deeper

S100% arc e, ST penetration at low arc voltage (30-33 V). Straight
Table 9 — Typical Concitons for Subimerged-Arc Butt Weiding
Nickel Filler Metal 61 MONEL Filler Metal 60 INCONEL Filler Metal 82
with INCOFLUX & with INCOFLUX § with INCOFLUX 4
Base Material Nickel 200 MONEL alloy 400 INCONEL alloy 600*
Filler Metal Dia., in. (mm) 1/16 (1.6) 116 (1.6) 1116 o 332 (1.6 or 2.4)
Electiode Extenslon, in. (mm) 7181 (22:25) 781 (22:25) 781 (22:25)
Power Source OC, Constant Voltage OC, Constant Voltage 0C, Constant Voltage
Polarity Reverse Reverse Reverse
Curent, A 250 260-280 250 with 1/18-in (1.6-mm) wire
260-300 with 3/32-in (2.4-mm) wire
Voltage, V 2830 X -3
Travel Speed, in/min. (mmmin) 10-12 (250-300) 811 (200-280) 811 (200-2680)
Joint Restraint Full Full Ful
#The condtons iso 2ppy o NCOLOY aly 600
Table 10 — Chemical Composition, %, of All-Weld-Metal Samples from Butt Welds
Fitler Metal and Flux Base Material Ni [4 Mn Fe H S Cu Cr T Others
MONEL Filer Metal 60 MONEL alloy 400 Bal. 0.06 50 35 0013 0% 20 - 048
with INCOFLUX 5
INCONEL Filler Meta) 82 INCONEL alloy 600 Bal, 0.07 32 175 0.006 040 - 19.25 037 Ch+Ta=338
with INCOFLUX 4




polarity is preferred for overlaying because it gives
a slightly higher deposition rate and less penetra-
tion. Straight polarity, however, requires a deeper
flux burden, with resulting increased flux con-
sumption. The shallow penetration with straight
polarity increases the possibility of slag entrap-
ment, especially in butt welding.

Welding Procedure

Typical conditions for submerged-arc welding with
some different flux/filler-metal combinations are
given in Table 9. Typical chemical compositions of
weld metal from submerged-arc butt welds are
shown in Table 10.

Slag entrapment is a possibility during any weld-
ing operation involving flux. The problem can be
controlled by the use of an appropriate joint design
and proper placement of the beads. In a multipass
layer, beads should be placed so as to provide an
open or reasonably wide root area for the next bead.
Figure 9 illustrates bead placement in a 3-in (76-
mm)-thick butt weld in INCONEL alloy 600.

Bead contour is important. Slightly convex beads
are preferred to flat or concave beads. Bead contour
is most effectively controlled by voltage and travel
speed. Higher voltages and travel speeds result in
flatter beads.

Figure 9, INCONEL alloy 600 joint 3-in (76-mm) thick completed with 0.0624n. (1.6-mm)

diameter INCONEL Filler Meta) 82 and INCOFLUX 4 Submerged Arc Flux {numerals
indicate sequence of bead placement).

Submerged-Arc Welding

The submerged-arc process, with standard proce-
dures, gives good results in thick-section welding.
INCONEL alloy 600 plates 6-in (150-mm) thick
have been successfully welded from one side
(single-U joint design) in the fully restrained condi-
tion with INCOFLUX 4 Submerged Arc Flux and
INCONEL Filler Metal 82.

Chemical composition remains virtually con-
stant through such joints, with no accumulation of
flux components. Table 11 lists compositions of
samples removed at approximately /2-in (13-mm)
intervals, beginning at the top surface, of a 3-in
(76-mm)-thick weld.

Circumferential welding of joints in pipe is per-
formed with the same procedures used for butt
joints in plate. The degree of difficulty increases as
the pipe diameter decreases, and welding parame-
ters must be adjusted accordingly. The major diffi-
culty in pipe welding is prevention of the molten
slag from flowing either into or away from the weld
metal as the pipe is rotated. The electrode position
can be used to control weld-metal dilution and bead
shape. Pipe diameter and joint design influence the
operable electrode positions. Figure 10 shows the
optimum position. Better control of fusion and pen-
etration can be achieved by use of the gas tungsten-
arc process for the root pass.

Table 11 — Cheical Composition, %, at Various Levels? of a 3-in (76-mm) thick Joint
in INCONEL afloy 600 Welded with INCONEL Filer Metal 82 and INCOFLUX 4 Sub-
merged Arc Flux.

Element | Level1 | Level2 | Lovel3 | Lovel4 | Level5 | Level6

Nickel e 75 736 735 By 736
Chromium | 181 180 181 180 18.1 180
Nicbium 361 in 359 367 350 360

fron 086 087 088 088 087 1.00
Silicon 044 044 043 Lzk) 044 044
Carbon 0.05 005 005 005 005 005
Sulfur 0003 | 0003 | 0003 [ 0003 | 0003 [ 0003

ahpprosimally V2 i {{37) vl begining at o surce

Electrode

"\

Figure 10, Optimum electrode position for submerged-arc circumferential wekding.
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Welding

Overlaying

Nickel-alloy weld metals are readily applied as
overlays on carbon steels, low-alloy steels, and
other materials. All oxide and foreign material
must be removed from the surface to be overlaid.
The procedures and precautions discussed under
Surface Preparation should be carefully followed.

Cracking will sometimes occur in the first layer
of nickel-base overlays applied to some steels that
contain high levels of sulfur even though the base
material has been adequately cleaned. When this
type of cracking occurs, all of the cracked overlay
must be removed and one heavy or two light layers
of carbon-steel weld metal applied to the base ma-
terial. The nickel-alloy overlay can then be reap-
plied.

Nickel-alloy overlays can be applied to cast iron,
but a trial overlay on material of the same composi-
tion should be made to determine whether stand-
ard procedures can be used. The casting skin, or
as-cast surface, must be removed by a mechanical
means such as grinding. Overlays on cast irons
with high contents of sulfur or phosphorus may

crack because of embrittlement by those elements.
Cracking can often be eliminated by the applica-
tion of a barrier layer of NI-ROD 55 Welding Elec-
trode or NI-ROD FC 55 Cored Wire. Those products
were especially developed for welding cast iron,
and the deposit is more resistant to cracking caused
by phosphorus, sulfur, and carbon dilution. When
overlays are applied directly to cast iron without a
barrier layer, amperage should be the minimum
that provides proper arc characteristics to hold di-
lution at the lowest level.

Submerged-Arc Overlays

The submerged-arc process produces high-quality
nickel-alloy overlays on carbon steel and low-alloy
steel. The process offers several advantages over
gas metal-arc overlaying:

1. Higher deposition rates, 35-50% increase with
0.062-in (1.6-mm)-diameter filler metal and
the ability to use larger electrodes.

2. Fewer layers are required for a given overlay
thickness. For example, with 0.062-in (1.6-
mm) filler metal, two layers applied by the
submerged-arc process have been found to be

Table 12 — Conditions for Submerged-Arc Overlaying on Steel

. Oscillation
P and Filer Metal Curent Volage, T Frequency
Filler Metal Dia. A v in/min. mm/min. cycles/min.
in mm | Range | Typical | Range | Typical [ Range | Typlcal | Range | Typical | Range| Typical
INCOFLUX 4 and
INCONEL Filler Metal 82 0062 | 16 | 240260 250 32:34 B ki) 41 89130 114 4570 8
0093 | 24 | 300400 350 3437 % 35 4 76130 102 3550 40
INCOFLUX § and
MONEL Filler Metal 60 0062 | 14 | 260280 20 3235 k] 36 42 83150 114 50-70 &0
0083 1 24 | 300400 350 3437 3% 35 4 89130 102 35-50 40
00620 | 160 | 260280°| 260" | 335 K] 79 8 18020 | A - -
00930 | 245 | 300:850°) 326 36-37 3% 810 9 200-250 229 - -
INCOFLUX 6 and
Nickel Filler Metal 61 0062 | 16 | 260280 20 3032 kil ki 42 89-130 114 5070 60
INCONEL Filler Metal 82 0062 | 16 | 240-260 250 R4 B 35 412 76130 114 4570 55
0093 | 24 | 300400 350 37 k' 35 4% 76130 114 36550 40
INCONEL Fitler Metal 625 | 0.062 | 1.6 | 240-260 20 3234 8 3125 L) 89130 14 5060 55
“Siraight-polaity direct current, exoep a5 noted.
Shon ascitalng techrique, with reverse palaity.
Tabie 13 —~ Chemmical Composttion, %, of Submerged-Arc Overlays on Steef®
Flux and Filler Metal tayr | M Fo r Cu 3 Mn ] El T | No+Ta]| Mo
INCOFLUX 4 and
INCONEL Filler Metal 82 1 635 125 17.00 - 007 295 0.008 040 0.15 34 -
2 700 53 1750 - 007 300 0.008 040 0.15 35 -
3 ns 26 1875 - 007 305 0.008 040 0.15 35 -
INCOFLUX 5 and
MONEL Filler Metal 60 1 606 120 - 20 0.06 500 0.014 090 045 - -
2 646 45 - 29 0.04 550 0015 090 045 - -
INCOFLUX & and
Nicket Filler Metal 61 2 8838 84 - - 0.07 040 0.004 064 170 - -
INCONEL Filler Metal 82 2 686 72 1850 - 004 300 0.007 037 - 22 -
INCOFLUX 7 and
INCONEL alloy 625 1 0.2 36 2159 - 0.2 074 0.001 0.29 0.3 35 i 88
vetays o ASTM A 212 e Wi 006211 5o 0. e et




equivalent to three layers applied by the gas

metal-arc method.

. The welding arc is much less affected by
minor process variations such as wire condi-
tion and electrical fluctuations.

. As-welded surfaces smooth enough to be dye-
penetrant-inspected with no special surface
preparation other than wire brushing.

5. Direct applications of nickel-copper alloy on

steel without a nickel barrier layer.

In addition, the increased control provided by the

submerged-arc process generally yields fewer de-

fects and repairs.

Typical conditions for submerged-arc overlaying
with various flux/filler-metal combinations are
given in Table 12. Chemical compositions of over-
lay deposits are shown in Table 13.

The recommended power supply for all overlays
applied by oscillating techniques is constant-
voltage direct current with straight polarity.
Straight polarity produces a less-penetrating arc
that reduces dilution. Reverse polarity, however,
should be used for stringer-bead overlays to mini-
mize the possibility of slag inclusions.

w

'y

Table 12— Continved

Oscillation Width Electrode Extension
In mm in mm
Rangej Typicall Range| Typicall Range| Typical Rangel TYypical
Telly s | 2238 ] g1 1 2225 25
12 11 | 2551 B 112 1 | 2951 2
it 1 | 23 2 Lcal 1 22:2% 5
12 e | 2561 K] 182 1 | 2051 2
- - - - 1 1 2% 25
- - - - MWetlly 1% | 3238 32
el s | 2238 -] Tt 1 225 25
il s | 23 2 gt 1 2225 25
12 1| 2581 R 1182 1 | 2951 2
Tl e | 53 2 et 1 2225 b
Straight
Ling
Stringer Sraight Constant
Bead Pendulum Lice Velocity

Figure 11. Basic submerged-arc oscillation techniques and bead configurations.

Qveriaying

The most efficient use of the submerged-arc proc-
ess for overlaying requires equipment with a
means for oscillating the electrode. Figure 11
shows the three basic types of oscillation. All three
types provide much wider and flatter beads with
less iron dilution than -is possible with stringer
beads.

Pendulum oscillation is characterized by a slight
hesitation at both sides of the bead. It produces
slightly greater penetration and somewhat higher
iron dilution at those points.

Straight-line oscillation gives approximately the
same results as pendulum oscillation.

Straight-line constant-velocity oscillation pro-
duces the lowest level of iron dilution. It provides
for movement on a horizontal path so that the arc
is maintained constant. The optimum movement is
that which is programmed to have no end dwell, so
that the deeper penetration at either side resulting
from hesitation is eliminated.

Iron dilution is influenced by oscillation width as
well as by current, voltage, and travel speed. Gen-
erally, iron dilution will decrease as oscillation
width is increased. Only enough overlap to produce
a smooth top surface is required.

Non-oscillating techniques are sometimes best
for overlaying narrow areas. Iron dilution and sur-
face contour are controlled by positioning the elec-
trode Y16 in (1.6 mm) away from the fusion line of
the previous bead. Figure 12 shows the proper elec-
trode position.

The flux depth should be sufficient only to pre-
vent arc breakthrough. The depth required will
vary with voltage and electrode diameter. As the
voltage is increased, the amount of flux overburden
and the amount of molten flux should be increased.
Use of the proper flux is essential.

For overlays of INCONEL Filler Metal 82 on
steel, INCOFLUX 6 Submerged Arc Flux can be
used for up to three layers. For more than three
layers, INCOFLUX 4 Submerged Arc Flux should
be used.

For overlays of MONEL copper-nickel Filler
Metal 67 on steel, a buffer layer of MONEL Filler
Metal 60 must first be applied to the steel. Without
the buffer layer, the high level of iron dilution can
result in hot cracking of the overlay.

Stress relieving of the overlay is not necessary.
When required by specification, stress relieving of
steel overlaid with nickel-alloy weld metal can be
performed at 1150°F (620°C) for 1 hr or more for
each inch (25 mm) of base-metal thickness.

— et (1.6 mm)

Electrode
™ Previous
Bead

Figure 12. Proper elecirode position for overiaying by non-oscillating technique.
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Gas Metal-Arc Overlays

Gas metal-arc welding with spray transfer is suc-
cessfully used to apply nickel-alloy overlays to
steel. The overlays are usually produced with
mechanized equipment and with oscillation of the
electrode. As shown in Figure 13, overlaps should
be sufficient to produce a level surface.

Argon alone is often used as shielding gas. The
addition of 15 to 25% helium, however, has been
found to be beneficial for overlays of nickel and
nickel-chromium-iron. Wider and flatter beads and
reduced penetration result as the helium content is
increased to about 25%. Gas-flow rates are influ-
enced by welding technique and will vary from 35
to 100 ft3/h (0.99 to 2.83 m%h). As welding current
is increased, the weld puddle will become larger
and require larger gas cups for protection. When
oscillation is used, a trailing shield may be neces-
sary for adequate protection. In any case, the cup
should be large enough to deliver an adequate
quantity of gas under low velocity to the overlay
area.

Repr ative chemical itions of auto-
matic gas metal-arc overlays are shown in
Table 14. The overlays were produced with the fol-
lowing welding conditions:

Torch gas, 50 ft3h (1.4 m%h) argon
Trailing shield, 50 ft¥/h (1.4 m%h) argon
Electrode extension, 3/4 in (19 mm}
Power source, reverse-polarity DC
Oscillation frequency, 70 cycles/min
Oscillation width, 7/8 in (22 mm}

Bead overlap, V4 to 3/s in (6.4 to 9.5 mm)
Travel speed, 41/2 in/min (114 mm/min)

When nickel-copper or copper-nickel overlays
are to be applied to steel, a barrier layer of Nickel
Filler Metal 61 must be applied first. Nickel weld
metal will tolerate greater iron dilution without
fissuring.

When overlays are applied manually, the iron
content of the first bead will be considerably higher
than that of subsequent beads. The first bead
should be applied at a reduced travel speed to dissi-
pate much of the digging force of the arc in a heavy
pool of weld metal and reduce the iron content of

the bead. The iron content of subsequent beads, as
well as the surface contour of the overlay, can be
controlled by elimination of weaving and maintain-
ing the arc at the fusion line of the preceding bead.
Such a procedure will result in a 50% overlap of
beads, and the weld metal will wash out onto the
steel without ive arc impi t. The
welding gun should be inclined up to 5 degrees
away from the preceding bead so that the major
force of the arc does not impinge on the steel.

Shielded Metal-Arc Overlays

Shielded metal-arc overlays on cast and wrought
steels are widely used for such applications as fac-
ing on vessel outlets and trim on valves. Typical
properties are shown in Table 15. The electrodes
shown are well suited to welding operations in
which the weld metal will be diluted by ferrous
base material.

The procedures outlined for shielded metal-arc
joining should be followed, except that special care
must be taken to control dilution of the overlay.
Excessive dilution can result in weld metal that is
crack-sensitive or that has reduced corrosion resis-
tance.

Figure 13, Avtomalic gas-metal-arc overlays with sufficient overlap fot level surface.

Table 14 — Chemical Composition of Gas Metal Arc Overlays on Steei®

Curret, | Vottage, Chemical Composition, %, of Deposfled Weld Metal
Filler Metal A \ Layer ( Ni [ Fe | Cr | Cu c Mn H Sl Mg T Al [ NbtTa
Nicked Filler Metal 61 280-290 28 1 6 | 55 - 012 [ 028 | 0005 | 0.32 - 208 | 006 | -
2 87 | 121 | - - 009 | 017 | 0006 [ 035 - 246 | 007 | -
3 ug | 17 - 006 | 009 | 0008 | 037 - 276 | 008 | -
MONEL Fitler Metal 60° 280-300 28 2 663 | 78 | - | 198 | 006 | 281 | 0003 | 084 | 0008 | 219 | 005 | -~
3 655 | 29 | - | 248 | 004 | 351 | 0004 | 094 | 0.006 | 226 | 004 | -
MONEL Fillr Metal 67 280-290 28 2 410 | 15| - |48 | 004 | 053 | 0007 | 0.04 - 08 [ - -
3 361 31| - |601 | 001 | 061 | 0.006 { 0.08 - 03| - -
INCONEL Filler Metal 82 | 280-300 230 1 513 | 285 | 158 | 007 ¢ 047 | 235 [ 0012 | 020 | 0017 | 023 | 006 | 1.74
2 680 | 88 | 189 | 0.06 | 0040 | 267 | 0008 | 0.42 [ 0.015 [ 030 | 006 | 227
3 723 | 25| 187 | 006 | 0029 | 278 | 0007 | O.11 [ 0.020 [ 031 | 006 | 238

i 0624-(1.6-mim)
st layer apphed with cke Filer Mtal 61

Grade B stoel. Sea text for additional wekding condiions.



The amperage used should be in the lower half of
the recommended range for the electrode. The
major arc force should be directed at the fusion line
of the previous bead so that the weld metal will
spread onto the steel with only minimum weaving
of the electrode. If deposits with thin feather edges

Overlaying

are applied, more layers will be required and the
possibility of excessive dilution will be greater.

The underbead contour of the overlay should be
as smooth as possible. As shown in Figure 14, a
scalloped contour can result in excessive iron dilu-
tion and cracking of the overlay.

Table 15 — Properties of Shielded Metal-Arc Overiays on Steel

Typlcal Overlay Properties
Elongation Hardness
Overtay Electrode Diameler, Direct in1in
Metal Electrode in mm Current, A {254 mm), % Layer Rockwell B
Nickel Nickel Welding ¥ 24 70105 45 1 8
Electrode 141 18 32 100-135 2 87
5132 40 120-175 3 8
316 48 170-225
Nickel-Copper MONEL Wekiing 24 5575 8 1 84
Electrode 190 118 32 %110 2 8
532 40 110-150 3 8
kil 48 150-190
Nickel-Chromium-Iron INCONEL Wekiing ¥ 24 40-65 3 1 9
Electrode 182 18 32 65-95 2
532 40 95125 3 2
316 48 125165

()

©

Figure 14. Manual shielded-metal-arc overlays. (a) Overtay with scalloped underbead
contour. (b) Bend-test specimen with cracks caused by improper underbead contour.

{¢) Overlay with smooth underbead contour. (d) Bend-test specimen from overiay shown
in{c).
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Hot-Wire Plasma-Arc Overlays

High-quality overlays can be produced at high dep-
osition rates with the hot-wire plasma-arc process.
The process offers precise control of dilution. Dilu-
tion rates as low as 2% have been obtained. For
optimum uniformity, however, a dilution rate in
the 5 to 10% range is recommended.

High deposition rates result from the use of two
filler-metal wires which are resistance-heated by a
separate AC power source. The filler metal is in a
nearly molten state before it enters the weld pud-

dle. Deposition rates for nickel-alloy weld metal
are 35-40 1b/h (16-18 kg/h), approximately double
those obtained with submerged-arc overlaying.

Figure 15 shows the surface and cross section of
a hot-wire plasma-arc overlay made with IN-
CONEL Filler Metal 82. Side-bend tests performed
on the overlay showed no fissures.

Welding parameters for hot-wire plasma-arc
overlaying with INCONEL Filler Metal 82 and
MONEL Filler Metal 60 are given in Table 16.
Chemical compositions of two-layer overlays made
with those filler metals are listed in Table 17.

One Layer

Two Layers

Figure 15. Cross sections and surface of hot-wire plasma-arc overlays of INCONEL Filler Metal 82 on steel.

Table 16 — Conditions for Hot-Wire Piasma-Arc Overlaying

MONEL Filler Metal 60

INCONEL Filler Metal 82

Filler Metal Diameter, in (mmy} 0.062 (1.57) 0.062 {1.57)
Plasma-Arc Power Source Straight-Polarity DG Straight-Polarity 0C
Plasma-Arc Current, A 490 490

Plasma-Arc Voltage, V 3 %5

Hot-Wire Power Source AC AC

Hot-Wire Current, A 200 175

Hot-Wire Voitage, V 17 285

Piasma Gas and Flow Rale 75% He, 25% A; 55 f¥h (1.6 m¥h) 75% He, 25% A; 55 f¥h (1.6 m¥h)
Outershield Gas and Flow Rate Argon; 40 9% (1.1 m¥h) Argon; 40 £ (1.1 mhd)

Tralling Shield Gas and Flow Rate

Argon; 45 9% (1.3 mh)

Argon; 45 % (1.3 mh)

Torch-lo-Work Distance, in {mm) 1316 (21) 1315 (21)

Travel Speed, in/min (mavmin) T2 (190) T2 (190)

Oscillation Width,in (mm) 1172 (38) 1172 (38)

Oscillation Frequency, cyclesimin 4 4“4

Deposit Width, in (mm) 2(51) 216 {56)

Deposit Thickness, in (mm) 35 (48) 316 (48)

Deposit Rate, b {kg/h) 40(18) 40 (18)

Preheat, °F (*C) 250 (120) 250 {120)

Table 17 — Chemical Gomposition, %, of Hot-Wire Plasma-Arc Overlays on Steel®
Filler Metal Layer N Fe Cr Cu [ Mn N Si T Al Nb+Ta

MONEL Filler Metal 60 1 61.1 55 - 20 007 32 0.006 0.88 214 0.05 -
2 63.7 15 - 282 007 332 0.006 068 225 0.04 -

INCONEL Filler Metal 62 1 633 83 184 005 0.02 267 0010 0.16 024 - 218
2 732 1.7 202 0.02 001 286 0010 17 024 - 23

‘aOveriays on ASTM A 387 Grade B steal made with 0.062-n-{1.6-nim) dia. filer meta.



Welding of Clad Steel

Steels clad with a nickel alloy are frequently joined
by welding. Since the cladding is normally used for
its corrosion resistance, the cladding alloy must be
continuous over the entire surface of the structure,
including the welded joints. This requirement in-
fluences joint design and welding technique.

Butt joints should be used when possible. Fig-
ure 16 shows recommended designs for two thick-
ness ranges. Both designs include a small edge of
unbeveled steel above the cladding to protect the
cladding during welding of the steel. The steel side
should be welded first with a low-hydrogen welding
product. It is important to avoid penetration into
the cladding during the first welding pass. Dilution
of the steel weld with the nickel-alloy cladding can
cause cracking of the deposit. The clad side of the
joint should be prepared by grinding or chipping
and welded with the welding product recommended
for solid sections of the alloy used for cladding. The
weld metal will be diluted with steel. To maintain
corrosion resistance, at least two and preferably
three or more layers should be applied.

The strip-back method is sometimes used instead
of the procedure described above. The cladding is
removed from the vicinity of the joint as shown in
Figure 17. The remaining steel is then welded
using a standard joint design and technique for
steel, and the nickel-alloy cladding is reapplied by
weld overlaying. The advantage of the strip-back
method is that it eliminates the possibility of crack-
ing caused by penetration of the steel weld metal
into the cladding.

Some joints, such as those in closed vessels or
tubular products, are accessible only from the steel
side. In such cases a standard joint design for steel
is used, and the cladding at the bottom of the joint

10-48°
3040
Yrg"Spre"

St 4880 mm) R Stee!

L we Iy

T (11—
Cladding Cladding

2} ®

Figure 16. Joint designs for clad steel. (A) Material 3/16 1o 5% in (4.8 lo 16 mm) thick,
(B) Material 58 to 1 in (16 to 25 mm) thick,

J_LLI_LLLLLU_IJ)(\CIadcﬁng /\,UJ_U_LU_LLLLLL

Figure 17. Strip-back method of joint preparation.

Overlaying
Weltding of Clad Steel
Welding Metallurgy and Design

is welded first with nickel-alloy weld metal. After
the cladding is welded, the joint can either be com-
pleted with nickel-alloy weld metal, or a barrier
layer of carbon-free iron can be applied and the
joint completed with steel weld metal. If the thick-
ness of steel is 5/16 in (8.0 mm) or less, it is generally
more economical to complete the joint with nickel-
alloy weld metal.

Welding Metallurgy and Design

Joining procedures must reflect any special metal-
lurgical aspects of the operation. For instance, the
presence of a coarse grain structure (ASTM Num-
ber 5 or coarser) in the base material can restrict
the use of processes having high energy input, in-
cluding spray-transfer gas-metal-arc welding and
electron-beam welding. Table 18 illustrates the ef-
fect of grain size on selection of welding processes
for several alloys.

Metallurgical factors can have a controlling in-
fluence on procedures for welding dissimilar mate-
rials and precipitation-hardenable alloys. Any
welded joint can undergo metallurgical changes
when subjected to cold work and heat treatment.
For high-temperature service, both metallurgical
and design considerations are important in obtain-
ing optimum life in fabricated equipment.

Dissimilar Welding

Dissimilar welding often involves complex metal-
lurgical considerations. The composition of the
weld deposit is controlled not only by the electrode
or filler metal but also by the amount of dilution
from the two base metals. Many different dissimi-
lar-metal combinations are possible, and the
amount of dilution varies with the welding process,
the operator technique, and the joint design. All of

Table 18 — Effect of Grain Size on Recommended Welding Processes®

Gas Gas
Grain | Metal | Electron | Tungsten | Shielded
Alloy Size® | Arc® | Beam Metal Arc
INCONEL alioy 600 | Fine X X X
Coarse | - - X X
INCONEL alloy 617 | Fine X X X X
Coarse | - - - X
INCONEL alloy 625 | Fine X X X X
Coarse | - - X X
INCONEL alloy 706 | Fine - X X X
Coarse | - - - X
INCONEL alloy 718 | Fine - X X X
Coarse | - - - X
INCOLOY alloy 800 | Fine X X X X
Coarse - X X X
IS Type 316 Fine X X X X
Coarse | - - X X
AIS| Type 347 Fine X X X X
Coarse | - - X X
#Progesses marked X are recommended.
e gran s smallr han 5 Sorlager.

Spray transter.
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these factors influence the selection of a joining
method and welding material that will produce a
welded joint having the properties required by the
application.

Several Inco Alloys International welding prod-
ucts are commonly used for dissimilar joints.
Welding-product recommendations for many fre-
quently encountered dissimilar joints are given in
Table 19. The nickel-chromium electrodes and
filler metals (INCO-WELD A and C Electrodes, IN-
CONEL Welding Electrodes 112 and 182, IN-
CONEL Filler Metals 82, 92, and 625) are particu-
larly versatile materials for dissimilar welding.
They can tolerate dilution from a variety of base
metals without becoming crack-sensitive.

In many cases, more than one welding product
will satisfy the requirement of metallurgical com-
patibility. The selection will then be based on the
strength required, service environment to be with-
stood, or on economics (cost of the welding product).
For example, either INCONEL Welding Electrode
112 or INCO-WELD A Electrode would be suitable
for a joint between MONEL alloy K-500 and IN-
CONEL alloy 718. If maximum strength is re-
quired in the joint, INCONEL Welding Electrode
112 would be the better choice. If maximum
strength is not required, the joint could be welded
more economically with INCO-WELD A Electrode.

When a suitable welding product for a dissimilar
joint is not known, potential electrodes and filler
metals must be evaluated on the basis of their abil-
ity to accept dilution from the two base metals
without forming a composition that is crack-
sensitive or that has other undesirable characteris-
ties. For a joint between a nickel-base alloy and
another material, the best results will usually be
obtained with a nickel-alloy welding product.

The information presented here can be used as a
general guide in the selection of a welding product

for a dissimilar joint. The effects of interalloying
dissimilar materials are too complex to permit pre-
diction of results with certainty in all cases. With
an accurate estimate of dilution rate, however, the
procedures outlined will eliminate needless trials
by showing which electrodes and filler metals have
a high probability for success and which do not.
Dilution Rates

The dilution rate produced by a set of welding con-
ditions (welding process, technique, joint design,
etc.) can be accurately determined by chemical
analysis of a deposited bead. The dilution rate can
also be determined by an area comparison on a joint
cross-section. As shown in Figure 18, the rate is
calculated from measurements of the final weld-
metal area and the area of original base metal in-
cluded in it.

For flat-position shielded metal-arc welding, a
dilution rate of 30% is normally used to calculate
weld-deposit compositions. That is, 70% of the com-
pleted weld bead is supplied by the electrode, and
30% is supplied by the base metals (15% from each).
Operator technique has less effect on dilution rate
with shielded metal-arc welding than with other
welding processes. Technique variations can cause
the rate to range from about 20% to 40%.

The dilution rate for shielded metal-arc welding
is relatively well-established. For other processes,
dilution depends more on the specific technique
used and can vary widely. Dilution rates with the
gas metal-arc process usually range from about
10% to 50%, depending on torch manipulation and
type of metal transfer. The highest rates are ob-
tained with spray transfer and the lowest with
short-circuiting transfer. The greatest variation in
dilution rate is with the gas tungsten-arc process.
Depending on welding technique, dilution rates
can range from about 20% to over 80%. The dilution
rate would be 100% for a joint made without filler

Table 19 — Weking Products? for Dissimilar Joints Between Nickel Aloys and Other Materials

Typeof Dissimilar Material
Nickel Alloy Welding Stalnless Low-Alloy and 58% Nickel Cast
Product Steel Carbon Steels Steels Iron Copper Coppar-Nickel
Nickel 200, 201 Electrode INCO-WELD A INCO-WELD A INCOWELD A NI-ROD 55 MONEL 190 MONEL 190
Filler Metal INCONEL 82 INCONEL 62 INCONEL 82 - MONEL 60 MONEL 60
MONEL alloys 400, Electrode INCO-WELD A MONEL 190 MONEL 190 NI-ROD 55 MONEL 190 MONEL 190
K500, 502 Filler Metal INCONEL 82 Nickel 61 Nickel 61 - MONEL 60 MONEL 80
INCONEL alloys Electrode INCO-WELD A INCO-WELD A INCO-WELD A NI-ROD 55 Nickel 141 Nicket 141
600, 601 Filler Metal INCONEL 82 INCONEL 82 INCONEL 82 - Nickel 61 Nickel 61
INCONEL alloys 625, Electrode INCO-WELD A INCO-WELD A INCONEL 113 NI-ROD 55 Nickel 141 Nickel 141
706, 718, X-750 Filter Metal INCONEL 82 INCONEL 82 INCONEL 625 - Nickel 61 Nickel 61
INCOLOY alioy 800 Electrode INCO-WELD A INCO-WELD A INCO-WELD A N-ROD 55 Nickel 141 Nickel 141
Filler Metal INCONEL 82 INCONEL 82 INCONEL 82 - Nickel 61 Nickel 61
INCOLOY alloy 625 Electrode INCONEL 112 INCONEL 112 INCONEL 113 NI-ROD 55 Nicke! 141 Nickel 141
Filler Metal INCONEL 625 INCONEL 625 INCONEL 625 - Nickel 61 Nicke! 61

) many cases,

join



metal since all of the weld metal is supplied by the
base materials.

With a known dilution rate, the approximate
composition of the final weld metal can be deter-
mined. For example, assuming 30% dilution, the
weld metal in a joint between MONEL alloy 400
(67% Ni, 32% Cu) and Type 304 stainless steel (8%
Ni, 18% Cr, 74% Fe) made with INCO-WELD A
Electrode (70% Ni, 15% Cr, 8% Fe) would be com-
posed of 15% MONEL alloy 400, 15% Type 304
stainless steel, and 70% INCO-WELD A Electrode.
Figure 19 shows the relative amounts of each mate-
rial in the weld bead. The amount of major ele-
ments contributed by each source can be calculated
as follows:

Contribution of INCO-WELD A Electrode:
T0% X 70% Ni = 49% Nickel
70% %X 15% Cr = 10.5% Chromium
70% X 8% Fe = 5.6% Iron
Dilution by MONEL alloy 400:
15% x 67% Ni = 10% Nickel Dilution
15% % 32% Cu = 4.8% Copper Dilution
Dilution by Type 304 stainless steel:
15% x 8% Ni= 1.2% Nickel Dilution
15% x 18% Cr = 2.7% Chromium Dilution
15% X 74% Fe = 11.1% Iron Dilution

The electrode contribution added to base-metal
dilution is the calculated composition of the weld
deposit: 60.2% nickel (49% + 10% + 1.2%), 13.2%
chromium (10.5% + 2.7%), 16.7% iron (5.6%
+ 11.1%}), and 4.8% copper.

In a multiple-pass weld, composition remains
constant along each bead but varies with bead loca-
tion. The root bead is diluted equally by the two
base metals. As shown in Figure 20, subsequent
beads may be diluted partially by a base metal and
partially by a previous bead or entirely by previous
beads.

Dilution Limits

The elements normally of concern in considering
dilution of nickel alloy welding products are cop-
per, chromium, and iron. All of the products can
accept unlimited dilution by nickel without detri-
ment.

Dilution limits given in the following discussion
apply only to the welding materials that have solid-
solution compositions. Precipitation-hardenable

Figure 8. Calculation of dilution rale from cross-sectional area of weld bead.

Welding Metallurgy and Design

weld metals are not usually recommended for dis-
similar joining. Also, the values should be consid-
ered as guidelines. Borderline cases may require
that a trial joint be evaluated. When a weld metal
will be diluted by more than one potentially detri-
mental element, allowance should be made for pos-
sible additive effects.

MONEL Welding Products. The nickel-copper
and copper-nickel welding products (MONEL
Welding Electrodes 190 and 187, MONEL Filler
Metals 60 and 67) can tolerate unlimited dilution
by copper.

Nickel-copper weld deposits can be diluted with
up to about 8% chromium. Copper-nickel deposits
(Filler Metal 67 and Welding Electrode 187) should
not be diluted with more than 5% chromium.

Iron dilution limits for deposits of MONEL Filler
Metal 60 are influenced by the welding process
used. If the deposit is applied by submerged-arc
welding, it can tolerate up to about 22% iron dilu-
tion. If a gas-shielded process is used, the deposit
can be diluted by up to 15% iron without loss of
mechanical properties.

If a joint involving steel is to be welded by a
gas-shielded process with Filler Metal 60, a barrier
layer of MONEL Welding Electrode 190, Nickel
Filler Metal 61 or Nickel Welding Electrode 141
should first be applied to the steel. Shielded metal-
arc deposits of MONEL Welding Electrode 190 can
be diluted with up to about 30% iron.

Iron dilution of copper-nickel weld deposits
(MONEL Filler Metal 67 and Welding Electrode
187) should not exceed 5%.

\ 0%
L MONEL alloy 400 \L\Y"/ 304 Stainless Steel
15% 15%

Figure 19. Weld metal contributed by each source in a dissimilar weld,

) v}éy )

Figure 20, Muftiple-pass dissimilar weld. Bead 1 is 15% A, 15% B, 70% filler metal.
Bead2is 15% A, 15% Bead 1, 70% filer metal. Bead 4 is 15% Bead 2, 15% Bead 3, 70%
filler metal.
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Nickel Welding Products. Nickel Welding Elec-
trode 141 and Nickel Filler Metal 61 have high
solubilities for a variety of elements, and, from the
standpoint of dilution tolerance, they are excellent
dissimilar-welding materials. Use of the products
for dissimilar welding, however, is often limited by
their lower strength, in comparison with other
nickel-alloy welding products.

The following dilution limits do not apply to NI-
ROD and NI-ROD 55 Welding Electrodes. Those
electrodes are specially formulated for the welding
of cast irons.

The Nickel welding products have complete solu-
bility for copper and can accept unlimited dilution
by that element.

Chromium dilution of Filler Metal 61 and Weld-
ing Electrode 141 should not exceed 30%.

Nickel Welding Electrode 141 can tolerate up to
about 40% iron dilution. Filler Metal 61, however,
should not be diluted with more than 25% iron.

INCONEL Welding Products. The INCONEL
nickel-chromium welding products are the most
widely used materials for dissimilar welding. The
products produce high-strength weld deposits, and
the deposits can be diluted by a variety of dissimi-
lar materials with no reduction of mechanical prop-
erties. Included in the nickel-chromium group of
welding products is INCO-WELD A Electrode,
which has exceptional dissimilar-welding capabil-
ity.

Copper dilution of INCONEL welding products
should not exceed about 15%.

A maximum total chromium content in the com-
pleted weld of up to 30% is acceptable. Since the
welding products contain 15-20% chromium, dilu-
tion by chromium must be kept below about 15%.

Shielded metal-arc deposits of nickel-chromium
coated electrodes can accept up to about 40% iron
dilution. Iron dilution of nickel-chromium filler
metals, however, should not exceed 25%.

Silicon dilution of nickel-chromium deposits
should also be considered, especially if the joint
involves a cast material. Total silicon content in
the weld deposit should not exceed about 0.75%.

Other Considerations

In addition to weld-metal dilution, factors such as
differences in thermal expansion and melting point
often influence the selection of filler metal for dis-
similar joints, especially if the joints will be ex-
posed to high service temperatures.

Unequal expansion of joint members places
stress on the joint area and can cause a reduction in
fatigue strength. If one of the base metals is of
lower strength, a filler metal that has an expansion
rate near that of the weaker base metal should be
selected. The stress resulting from unequal expan-
sion will then be concentrated on the stronger side
of the joint.

A joint between austenitic stainless steel and
mild steel illustrates the importance of thermal-

expansion considerations. The expansion rate of
mild steel is lower than that of stainless steel. From
the standpoint of dilution, either a stainless-steel
electrode or an INCONEL nickel-chromium weld-
ing product would be suitable. The stainless elec-
trode has an expansion rate near that of the stain-
less base metal, and INCONEL welding products
have expansion rates near that of mild steel. If the
joint is welded with the stainless electrode, both
the weld metal and the stainless base metal will
expand more than the mild steel, placing the line
of differential expansion along the weaker (mild-
steel) side of the joint. If the joint is welded with an
INCONEL welding product, the stress resulting
from unequal expansion will be confined to the
stronger, stainless-steel side of the joint.

Differences in melting point between the two
base metals or between the weld metal and base
metal can, during welding, result in rupture of the
material having the lower melting point. Selidifi-
cation and contraction of the material with the
higher melting point places stress on the lower
melting point material, which is in a weak, incom-
pletely solidified condition. The problem can often
be eliminated by the application of a layer of weld
metal on the low-melting-point base metal before
the joint is welded. A lower stress level is present
during application of the weld-metal layer. During
completion of the joint, the previously applied weld
metal serves to reduce the melting-point differen-
tial across the joint.

Carbon migration is sometimes an important
consideration in the selection of a filler metal for a
dissimilar joint involving carbon steel. Nickel-
alloy weld metals are effective barriers to carbon
migration. For example, in joining carbon steels to
stainless steels, high-nickel weld metals are some-
times used to prevent undesirable carbon migra-
tion.

Welding of Precipitation-Hardenable
Alloys

Precipitation-hardenable (age-hardenable) alloys
are usually welded by the gas tungsten-arc process,
but several other methods are applicable.

There are two systems of Inco Alloys Interna-
tional precipitation-hardenable alloys. One is the
nickel-aluminum-titanium system, which includes
DURANICKEL alloy 301, MONEL alloy K-500,
and INCONEL alloy X-750. The other is the nickel-
niobium-aluminum-titanium system, which in-
cludes INCONEL alloys 706 and 718.

The alloys of both systems have good weldability.
The significant difference between the two systems
is the rate at which precipitation occurs. The
aluminum-titanium-hardened alloys respond quickly
to precipitation-hardening temperatures. The
niobium-aluminum-titanium-hardened alloys re-
spond more slowly. The delayed precipitation reac-
tion enables the alloys to be welded and directly
aged with less possibility of cracking.



The type of cracking that can occur when high
residual welding stresses are present during the
aging treatment is shown in Figure 21. Cracking
occurs in the base-metal near the heat-affected
zone, the area of highest stress. Little stress relief
occurs at aging temperatures, and high residual
welding stresses may exceed the rupture strength
of the base metal at aging temperatures. The resid-
ual stresses are augmented by stresses introduced
by precipitation.

General Welding Procedures

Heat input during welding should be held to a mod-
erately low level to obtain the highest joint effi-
ciency. For multiple-bead or multiple-layer welds,
several small beads should be used instead of a few
large, heavy beads.

In gas-shielded welding of multiple-pass joints,
some interbead or interlayer cleaning must be done
to remove oxide films as they accumulate. The
oxide films should be removed when they become
heavy enough to be visually apparent on the weld

Figure 21, Failure in INCONEL alloy X-750 induced by residual welding stress ata 2-in.
(51-mm)-thick joint which was welded in the age-hardened condition and re-aged at
1300°F (705°C) for 20 h after welding,
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surface. The oxide films must be removed by abra-
sive blasting or grinding. Power wire brushing will
only polish the oxide surface.

If oxide films are not removed, they can inhibit
proper fusion and result in laminar oxide stringers
such as those shown in Figure 22). Oxide inclusions
of this type act as mechanical stress raisers and can
significantly reduce joint efficiency and service life.

Rigid or complex structures must be assembled
and welded with care to avoid excessively high
stress levels. Units or subassemblies should be
given sufficient annealing treatments to ensure a
low level of residual stress when they are
precipitation-hardened. Any part that has been
subjected to severe bending, drawing, or other
forming operations should be annealed before it is
welded. Heating should be done in controlled-
atmosphere furnaces to limit oxidation and mini-
mize subsequent cleaning operations. If a thermal
treatment has been performed on material contain-
ing partially filled weld grooves, the oxide should
be removed from the welding area by grinding or
abrasive blasting before welding is resumed.

Aluminum-Titanium System

The strong susceptibility to base-metal cracking of
the aluminum-titanium-hardened alloys when
they are welded and directly aged makes special
handling of welded structures necessary. The al-
loys must be given the appropriate thermal treat-
ment after they are welded and before they are
precipitation-hardened. It is important that the
thermal treatment be carried out with a fast, uni-
form rate of heating to avoid prolonged exposure to
temperatures in the precipitation-hardening range.
The best method to attain this high heating rate is
to charge the weldment directly into a furnace pre-
heated to the appropriate temperature. If the part
mass is large in relation to furnace area, it may be
necessary to preheat the furnace to 200-500°F (95-
260°C) above the normal temperature and then
reset the furnace controls when the parts reach the
proper temperature. The stress created by repair or
alteration welding must be relieved in a similar
fashion by rapid heating to the proper annealing
temperature prior to re-aging.

Flgure 22, Oxide stringers in INCONEL alloy X-750 wekd resutting from inadequate
interpass cleaning.
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Sometimes a satisfactory postweld stress relief is
not feasible, particularly with complicated struc-
tures. Preweld heat treatments may be helpful in
such cases. Two procedures that have been used
successfully for INCONEL alloy X-750 are:

1. Heat at 1550°F (845°C)/16 h, air-cool, and

weld.

2. Heat at 1950°F (1065°C)/1 h, furnace-ccol at a
rate of 25-100°F (15-55°C)/h to 1200°F
(650°C), air-cool, and weld.

All of the aluminum-titanium-hardened alloys
can be welded in the aged condition. Because of the
problem of base-metal cracking, however, the weld
and heat-affected zone must not be subsequently
exposed to age-hardening temperatures. If service
temperatures are to be in the age-hardening range,
the weld t must be a led and re-aged before
being put in service.

Aluminum-Titanium Sy
INCONEL alloys 706 and 718 have good resistance
to postweld cracking. Pierce-Miller weld-patch
tests have shown that alloy 718 annealed sheet can
be welded and directly aged without cracking.
However, repair welding or welding of sheet in the
aged condition and re-aging after welding (highly
restrained condition) can result in base-metal
cracking. Highly restrained or complicated struc-
tures should be annealed after welding and prior to
age hardening to avoid base-metal cracking. The
rapid-heating procedure described for aluminum-
titanium-hardened alloys should be used.
Generally, INCONEL alloys 706 and 718 are
welded in the annealed or solution-treated condi-
tion. If complex units must be annealed in conjunc-
tion with welding or forming operations, the an-
nealing temperature should be consistent with the
specification and end-use requirements.

Effect of Cold Work

and Heat Treatment

As-deposited weld metal has a dendritic mi-
crostructure, and the ductility of the weld metal is
lower than that of the base metal. The heat of weld-
ing produces slight grain enlargement and soften-
ing in narrow bands at the edges of the weld. The
width of this heat-affected zone will vary with the
heat input. Cold work and subsequent annealing
will result in more uniform microstructure and me-
chanical properties across the joint area. Figure 23
illustrates the effects of cold work and recrystal-
lization (annealing) on the microstructures of
welds in three alloys.

AN ST ol
Nicked Filer Metal 61 on Nickel 200
Figure 23. Microstrucures of weid metal (left wo-thirds of photos) and base material and

heat affected zone (right third of photos). Heat reatments: Nicke! 200, 1600°F (870°CY
1 h; MONEL alioy 400, 1600°F {870°C)/2 h; INCONEL alloy 600, 1900°F {1040°C)2 h.
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MONEL Fifler Metal 60 on MONEL alloy 400

Flgure 23—continued
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INCONEL Filer Metal 82 on INCONEL afioy 600
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Fabrication For High-Temperature
Service

Equipment for high-temperature service is often
fabricated of nickel alloys. The severe demands im-
posed by high temperatures must be considered in
the design and welding of the equipment.

Design Factors

Weld metals usually have lower stress-rupture
ductility and lower thermal-fatigue strength than
wrought materials. Proper design of welded struc-
tures can minimize the effects of these lower prop-
erties.

Equipment should be designed so that welds are
placed in locations where the effects of low stress-
rupture ductility will not be detrimental. Gener-
ally, this involves placing the welds in areas where
minimum deformation at high temperature occurs.
For example, a horizontally positioned pipe having
a longitudinal weld should be turned to locate the
weld at the top rather than at the bottom. That
location results in greatly reduced weld-metal elon-

Extruded-Wall
Flange Welded-n
Fitting

Maximum Siress Area
Weld Relocated

Maximum Stress Area
Weld Vulnerable

Butt Joints
Recommended

Comer Joints
Not Recommended

Figure 24. Designs for high-temperature service.

gation when the pipe sags
temperature service.

To minimize the effects of thermal or mechanieal
fatigue, welds should be located in areas of low-
stress. Corners and areas where shape or dimen-
sional changes occur are points of stress concentra-
tion and should not contain welded joints. Butt
joints are preferred because the stresses act axially
rather than eccentrically as in corner and lap
joints. Figure 24 shows some examples of design
modifications that locate welds in areas of low
stress. If relocation of the joint is not possible, the
weld must completely penetrate the joint, and a
backing weld should be applied if the root side of
the joint is accessible.

during high-

Welding Procedures

The weld should completely penetrate or close the
joint. No unfused areas should be left in any joint if
the design permits. Thermal-fatigue failures can
often be traced to incomplete welds that create
stress concentrations. Figure 25 shows an example.

Figure 25. Themmal-fatigue cracking emanating from incomplete welds.



Some joint designs that facilitate complete penetra-
tion are shown in Figure 26.

If welds must be placed in areas where changes
in sectional size or direction occur, careful welding
procedures are required to minimize the inherent
stress concentrations. It is important to avoid
undercutting, lack of penetration, weld craters, and
excessive weld reinforcement. If a joint in rod or bar
stock cannot be completely penetrated, the weld
metal should be continuous and seal the joint so
that none of the process atmosphere can enter. Fig-
ure 27 shows two joint types that can be completely
sealed with weld metal.

Welds in heat-treating fixtures fabricated of
round or flat stock should be smoothly flared into
the base metal without undercut. When fixtures
are to be subjected to heating and quenching cycles,
wrap-around or loosely riveted joints are some-
times desirable because they provide some freedom
of movement.

All welding slag must be removed from com-
pleted joints. As shown in Figure 28, slag that be-

TEE SIDE BUTT
Root
i—
OC 33 g
BEVELING SEPARATION

Figure 26. Designs for achievement of completely penetrated weld (highdemperature
service).

CROSS
(7] LAPTEE pives
[ )
( 1 L

Figure 27, Designs for sealed joints by weld-all-around techaiques (high-temperature
sefvice).
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comes molten during high-temperature service can
cause severe corrosion.” In oxidizing environments,
the slag will become increasingly fluid and agres-
sively attack the metal. In reducing atmospheres,
the slag can act as an accumulator of sulfur and
cause failure by sulfidation in atmospheres that
are otherwise adequately low in sulfur. In one case,
with only 0.01% sulfur in the atmosphere, the sul-
fur content of slag was found to increase from
0.05% to as much as 1.6% in 1 month. Sulfur pickup
can also depress the melting temperature of the
slag, causing the slag to become corrosive at lower
temperatures.

If all slag cannot be removed from areas such as
the tight root of a lap or crossover joint in round
stock, subsequent welding passes must completely
enclose the joint to prevent contact of the slag with
the atmosphere.

Figure 28. Attack by molten welding flux.
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Testing and Inspection

Welds in nickel alloys are tested and inspected by
the same standard procedures used for welds in
steel. Some of these methods are visual inspection,
radiography, various mechanical tests, and sec-
tioning and etching for micro- and macroexamina-
tion. Magnetic-particle inspection is not very use-
ful since only alloys such as Nickel 200 are
sufficiently magnetic to produce a recording. Fluo-
rescent and nonfluorescent dye-penetrant inspec-
tions are appropriate for detection of small surface
defects.

Bend Testing

The strength and ductility of welded joints are fre-
quently evaluated by free-bend or guided-bend
tests. Specimens for bend testing may have the
weld in either the transverse or longitudinal orien-
tation.

Transverse specimens are commonly used for
qualification purposes, but they may give mislead-
ing weld-metal ductility values and cause rejection
of weldments having acceptable soundness and
ductility. An indication of low weld-metal ductility
can result from variation in strength and hardness
across the joint. The bending area includes five sep-
arate zones: weld metal, two heat-affected zones,
and two areas of unaffected base metal. During
bending of the specimen, greater elongation occurs
in the unaffected base metal and heat-affected
zones if those areas are softer than the weld metal.
The low elongation of the weld metal could be erro-
neously interpreted as an indication of low ductil-
ity.

The effect is more pronounced in dissimilar joints
in which one member is of lower strength than the
other. Figure 29 shows a transverse face-bend spec-

Figure 29, Transverse face-bend specimen.

imen of a joint between Nickel 200 and carbon
steel. Almost all elongation took place on the
Nickel 200 side of the joint. With a gauge length
spanning the entire joint, average elongation may
be 20%. Elongation of the Nickel 200 side of the
joint, however, may be 40% or more.

A longitudinal test specimen in which the weld is
in the center and parallel to the long edge is pre-
ferred. As shown in Figure 30, all areas of the joint
are forced to elongate at the same rate regardless of
strength. When weld quality is to be evaluated,
results from such a test are more realistic, and
welded joints will meet most requirements without
difficulty.

Misleading ductility values can also be obtained
from transverse tensile tests. Longitudinal tests
are preferred for determining weld quality.

Figure 31 shows another bend-test specimen that
can be misinterpreted. On first inspection, the spec-

Figure 30, Longitudinal bend-test specimen in which weld runs central and parallelto the
long edge.

Figura 31, Base-metal cracks in guided-bend specimen of MONEL alloy 400.



imen may appear to be embrittled. Microscopic ex-
amination (Figure 32), however, will show that im-
properly ground shaper or milling tools have
caused a drag or flow of metal that opens the spec-
imen surface during bending.

Macroetching

The surface of a sample to be macroetched should
be prepared by grinding. Rough grinding on an
abrasive wheel or emery-cloth belt is usually ade-
quate. Some etching solutions that give good re-
sults on weld metals are described in Table 20.

Testing and Inspection

Figura 32, Photomicrograph of MONEL alloy 400 bend specimen showing crack that
originated in heavily cold-worked area.

Table 20 — Macrostching Solutions for Weld Metals

Weld Metal Etchant Etchant Preparation
Nickel Welding Electrode 141 A Etchant A
Nickel Filer Metal 61 A 1 part H,0, (30%)
MONEL Welding Eleciode 1878 A 2 parts HC
MONEL Welding Electrode 1902 A 3 parts H0
MONEL Filler Metal 60° A Must be freshly mixed. Use hot
MONEL Filler Metal 672 A H,0 to speed reaction. Immerse
INCONEL Welding Electrode 12 c specimen 30-120 sec.
mggsgt ldng Eetode 132 AuB Etchant B (Lepio's Soluton)
elding Electrode 182 AuB 1. Dissolve 15 g (NHqJ,S0, n
IN%-WELO A Elecrode A org oot 25’ 2504
INCONEL Filler Metal 62 Aor .
INCONEL Fier Metal 82 AorB 2 Disate 250 g Fecl n
OONEL er Vel 52 Awd 3. Mix t and 2 logether and acd
iller Metal 601 AoB 3065 of HNO.
INCONEL Filer Metal 625 ¢ 0501 HNO; fooncentated)
. Swab on specimen. Heat specimen
INCONEL Filler Metal 7182 B y
N to speed reaction.
INCOLOY Welding Electrode 135 AorB
INCOLOY Filler Metal 65 AwB Etchant G
1 part B0, (30%)
4 parts HCI
Must be freshly mixed. Heat
specimen to speed reaction.
Immerse specimen 30-120 sec.

Heat specimen to 200°F (95°C) before elching.
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Nominal Chemical Composition, %, of Alloys

Alloy Ni Cr Fe Cu Co o n A L] Others
Nickel 200 96 - - - - - - - - Co08
Nickel 201 96 - - - - - - - - cool
Nickel 205 %6 - - - - - - - - € 0.04; Mg 0.04
Nickel 212 97.0 - - - - - - - - M1 20
Nicket 222 995 - - - - - - - - Mg 0.075
Nickel 270 99.98 — - - — - — - — o0t
MONEL alioy 400 8.5 - 12 35 - - - - - M1
MONEL alloy 401 5 - 03 565 - - - - - Mn 16
MONEL alloy R405 665 — 12 35 - - - - - Mn 11,5004
MONEL alloy 450 300 - 07 680 - - - - - M 07
MONEL alloy K-500 665 - 10 205 - - 06 21 - -
FERRY alloy 450 - - 860 - - - - - -
INCONEL afioy 600 760 155 80 - - - - - - -
INCONEL alioy 601 605 20 144 - - - - 14 - -
INCONEL alloy 617 50 20 15 - 125 90 - 12 - -
INCONEL alioy 625 610 25 25 - - 90 - - 36 -
INCONEL alloy 718 840 180 185 - - 30 (L] 05 51 -
INCONEL alloy X-750 730 155 70 - - - 25 07 10 -
INCONEL alloy 751 B0 150 70 - - - 25 11 10 -
INCONEL alloy MA 754 5 20 10 - - - 05 03 - Y0;08
INCOLOY afioy 800 25 210 460 - - - 04 04 - C005
INCOLOY afloy 80HT 5 210 460 - - - 04 (23 - CO.08; AT 10
INCOLOY alloy 825 420 paki 300 22 - 30 10 - - -
INCOLOY alloy 903 380 - 20 - 1590 - 14 09 30 -
INCOLOY alloy 907 89 - 20 - 130 - 15 003 47 $i0.15
INCOLOY alloy 908 380 - 420 - 130 - 15 003 47 Siod4
INCOLOY alloy 925 490 20 280 18 - 30 21 03 - -
INCOLOY alloy DS 70 180 40 - - - - - - Mn10;8i23
INCOLOY alloy MA 956 - 20 740 - - - 05 45 - Y0,05
INCO alloy A-286 55 150 565 - - 125 21 - - -
INCO alloy C-276 §70 155 55 - 12 160 - - - w3s
INCO alloy G-3 40 22 195 20 25 70 - it - -
INGO alloy HX 475 28 185 - 15 90 - - - wos
INCO alloy 020 %0 20 a0 35 - 25 - - 06 -
INCO alloy 330 365 185 40 - - - - - - Si11
INCO alloy MS 250 1990 - %60 - - 30 14 - - -
NIMONIC alloy 75 800 195 - - - - - - - -
NIMONIC alloy 80A 70 195 - - - - 24 14 - -
NIMONIC aloy 81 670 %0 — - - - 18 09 - -
NIMONIC alloy 86 890 250 - - - 100 - - - o008
NIMONIC aloy 90 600 195 - - 165 - 25 15 - -
NIMONIC alloy 105 540 150 - - 200 50 13 47 - -
NIMONIC alloy 115 600 142 - - 132 32 38 49 - -
NIMONIC atioy 263 50 200 - - 20 58 22 05 - -
NIMONIC alioy 901 25 125 30 - - 58 29 - - -
NIMONIC alloy AP1 85 150 - - 170 50 35 40 - -
NIMONKC alloy PE11 300 180 30 - - 52 23 08 - -
NIMONIC alloy PE16 435 165 o - - a3 12 12 - -
NIMONIC alloy PK33 5.0 180 - - 140 70 24 21 - -
BRIGHTRAY aloy B® 600 160 20 - - - - - - 510
BRIGHTRAY alloy C° 780 20 - - - - - - - Si15
BRIGHTRAY alloy a0 180 420 - - - - - - $i23
BRIGHTRAY alloy § 0 200 - - - - - - - Sito
BRIGHTRAY alloy 36% %0 200 430 - - - - - - Si20
NILO alloy 36 %0 - 640 - - - - - - -
NILO alioy 42 420 - 580 = - - - - - -
NILO alloy 48 480 - 520 - - - - - - -
NILO alloy 475 479 48 480 - - - - - - -
NILO alloy K 25 - 530 - 170 - - - - -

M+A085-1.0.
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Coated AWS MIL-E-22200
Electrodes Major Uses Class Type
Nickel Welding Electrode 141 Nickel 200 and Nickel 201; the clad side of nickel-clad stee; joining steels to nickel alloys. ENi-1 4N11
MONEL Weiding Electrode 190 MONEL alloy 400 to itsek, 1o low-alloy and carbon steess, fo copper and copper-nickel alloys; ENiCu-7 Nt
surfacing of steels.
MONEL Welding Electrode 187 MONEL alloy 450; weidable grades of cast and wsought 70/30, 80/20, and 90/10 copper-nickel alloys. ECuNi CuNi
INCONEL Welding Electrode 132 INCONEL alloy 600; INCO alloy 330. ENICFe-1
INCONEL Weding Electrode 182 INCONEL altoys 600 and 601, surfacing of steel; dissimilar of steels and nicket alioys. ENiCrFe-3 aNt2
INCONEL Weiing Electrode 112 INCONEL alloys 625 and 601; pit-resistant alloys; dissimilas combinations of steels and nickel alloys; ENICMo-3
surfacing of steels.
INCONEL Welding Electrode 117 INCONEL alloy 617; INCOLOY alloy 800HT; Dissimilar combinations of high alioys. ENCrColo-1 -
INCOLOY Wekiing Electrode 135 INCOLOY alloy 825. — —
INCO Weding Electrode C-276 INCO alloy C-276; other pit-resistant alloys; surfacing of steels. ENiCrivo-4 —
INCO Welding Electrode G-3 INCO alloys G and G-3; other pitesistant alloys; dissimilar combinations of steets and nickel alloys; ENICrMo-9 -
surfacing of steels.
INCO-WELD A Elecirade INCOLOY alloys 800 and BO0KT; issimiar combinations of steels and niel aloys; 9% rickelsteel;  ENICrFe-2 -
surfacing of steels.
INCO-WELD B Electrode Ceyogenic steels (6.9, 9% nickel steef) with atemating current. ENiCrFe-4 —
INCO-WELD C Electrode Stainless steels; carbon steels; spring steefs; general mai welding. — —
NI-ROD Welding Electrode Cast irons, especially for thin sections and inabil ENICH —
N-ROD 55 Weiding Electrode Tast irons, especially tick sechons and high-phasphorus irons. ENFeCl =
NI-ROD 44 Wekding Flectrode Cast irons, especially for high strength and ductiiy. — -
NHROD 55X Welding Electrode Cast irons, especially for out-of-position welding and high-phosphorus irons. — —
N-ROD 99X Welding Electrode Cast irons, especially for out-of-position welding, tin sections, and machinabilty. - -
Filler AWS MIL-E-21562
Metals Major Uses Class Type
Nickel Filler Metal 61 Nickel 200 and Nickel 201; dissimilar combinations of nickel alloys and stees; surfacing of steels. ERNi-1 g‘{g}
MONEL Filler Metal 60 MONEL alioys 400, R-405, and K-500; surfacing of steel, ERNiCu-7 Em%
MONEL Filler Metal 67 MONEL alloy 450; wekdable qgrades of 70/30, 80/20, and 90/10 copper-nicket alloys. ERCuNi Fé:g;
INCONEL Filler Metal 62 INCONEL alioy 600. ERNiCiFe-5 RNB2
EN62
INCONEL Fier Metal 62 INCONEL alloys 600 and 601; INCOLOY alloys 800 and B0BHT; INCO alloy 300; dissimilar combing: ~ ERNCr3 RNG2
tions of steels and nickel alloys; surfacing of stegls. ENg2
INCONEL Fillet Metal 92 Dissimilar combinations of steets and nickel alloys. ERNiCiFe-6 2“:2
NCONEL Fillr Metal 601 INCONEL alloy 601 = -
INCONEL Filler Metal 617 INCONEL alloy 617; INCOLOY alloy BOOHT; dissimilar combinations of high alloys. ERNICrCoMo-1 —
INCONEL Filler Metal 625 INCONEL alloys 625 and 601; pit-resistant alloys; dissimilar cominations of steefs and nickel aloys; ERNiCMo-3 RNE25
surfacing of steels. EN625
INCONEL Filter Metal 718 INCONEL alloys 718 and X-750. ERNiFeCr2 —
INCOLOY Fiter Metal 65 INCOLOY alloy 825. ERNiFeCr-1 RN65
INCO Filler Metal C-276 INCO alloy C-276; other pitresistant alloys; suracing of steels. ERNICMo4 —
INCO Filler Metal HX INCO alloy HX. ERNICrMo-2 —
NC 80:20 Filler Metal BRIGHTRAY electrical-resistance alloys; INCOLOY alioy DS. — -
NI-ROO Files etal &4 Castirons, especialy fobotic and aulomalic welding. = =
NI-ROD FC 55 Cored Wire ‘Automatic welding of cast irons by flux-cored arc welding. - —
Submerged
Arc Fluxes Major Uses
INCOFLUX 4 Butt welding and surfacing with INCONEL Filler Metal 82.
INCOFLUX § Butt wekding and surfacing with MONEL Filler Metal 60.
INCOFLUX 6 Butt welding and surfacing with Nicked Filler Metal 61; surfacing to three layers with INCONEL Filler Metal 82.
INCOFLUX 7 Butt wekling and surlacing with INCONEL Filler Metal 625.
INCOFLUX 8 Butt welding with MONEL Filler Metal 67.
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USA.
Special Metals Corporation

Billet, rod & bar, flat & tubular products

3200 Riverside Drive
Huntington, WV 25705-1771
Phone +1 (304) 526-5100
+1 (800) 334-4626
Fax +1 (304) 526-5643

Billet & bar products

4317 Middle Settlement Road

New Hartford, NY 13413 5392

Phone +1 (315) 798-2900
+1 (800) 334-8351

Pax +1 (315) 798-2016

Atomiged powder products
100 Industry Lane

Princeton, KY 42445

Phone +1 (270) 365-9551
Fax +1 (270) 365-5910

United Kingdom

Special Metals Wiggin Ltd.
Holmer Road

Hereford HR4 9SL

Phone +44 (0)1432 382200
Fax +44 (0)1432 264030

France

Special Metals Services SA

17 rue des Fréres Lumigre
69680 Chassieu (Lyon)

Phone +33 (0)4 72 47 46 46
Fax +33 (0)4 72 47 46 59

Germany

Special Metals Deutschland Led.
Postfach 20 04 09

40102 Diisseldorf

Phone +49 (0)211 38 63 40
Fax +49 (0)211 37 98 64

Hong Kong

Special Metals Pacific Pte. Ltd.
Room 1110, 11th Floor

Tsuen Wan Industrial Centre
220-248 Texaco Road, Tsuen Wan
Phone +852 2439 9336

Fax +852 2530 4511

India

Special Metals Services Ltd.
520, 46th Cross, V Block
Jayanagar, Bangalore 560 041
Phone +91 (0)80 664 6521
Fax +91 (0)80 664 2773

Italy

Special Metals Services SpA
Via Assunta 59

20054 Nova Milanese (MI)
Phone +390 (0)362 4941
Fax +390 (0)362 494224

The Netherlands

Special Metals Services BV
Postbus 8681

3009 AR Rotterdam

Phone +31 (0)10 451 44 55
Fax +31 (0)10 450 05 39

Singapore
Special Metals Pacific Pte. Ltd.
50 Robinson Road

06-00 MNB Building, Singapore 06888

Phone +65 222 3988
Fax +65 221 4298

Affiliated Companies
Special Mctals Welding Products
1401 Burris Road
Newton, NC 28658, U.S.A.
Phone +1 (828) 465 0352
+1 (800) 624 3411
Fax +1 (828) 464 8993

Regal Road
Stratford-upon-Avon
Warwickshire CV37 0AZ, UK.
Phone +44 (0)1789 268017
Fax +44 (0)1789 269681

Controlled Products Group

590 Seaman Street, Stoney Creek
Ontario LSE 4111, Canada

Phone +1 (905) 643 6555
Fax +1(905) 643 6614

A-1 Wire Tech, Inc.

A Special Metals Company

840 39th Avenuc

Rockford, IL 61109, U.S.A.

Phone +1 (815) 226 0477
+1 (800) 426 6380

Fax +1 (815) 226 0537

Reseal SA

A Special Metals Company

200 rue de la Couronne des Prés
78681 Epone Cédex, France
Phone +33 (0)1 30 90 04 00
Fax +33(0) 309002 11

DAIDO-SPECIAL METALS Ltd.
A Joint Venture Company

Daido Building

7-13, Nishi-shinbashi 1-chome
Minato-ku, Tokyo 105, Japan
Phone +81 (0)3 3504 0921
Fax +81 (0)3 3504 0939
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