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Effects of Nitrogen, Oxygen and Hydrogen Gases Added
to Argon Gas on MIG-Welding of Aluminum Alloys

by Shiro Terai, Yoshihiko Sugiyama and Toshiyasu Fukui

Studies were made on the effects of nitrogen, oxygen and hydrogen gases added to argon
gas on the weldability and properties of MIG welds in aluminum alloys.

Tests were carried out to observe appearance, shape and depth of penetration, mechanical
properties, porosities, structures and other properties of welds.

The results obtained were summarized as follows;

(1) The addition of nitrogen was considered to be effective in practical application for
increasing the depth of penetration, tensile strength, and refining of the structure in welds.

In commercially pure aluminum, it decreased the porosities of welds with no formation
of scale on bead surface; while, in Al-Mg alloys, it formed the brown scale on bead surface
and the porosities were not always decreased.

(2) The addition of oxygen was considered [to be advantageous in practical application,
because it increased the depth of penetration and decreased the porosities of welds. However,
its addition of above 5% was harmful owing to the puckering and formation of excessive

oxide film (white scale) on the bead surface.

(38) The addition of hydrogen was harmful, because it remarkably increased the porosities
resulting in decreasing of the mechanical properties of welds.
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Table 1 Chemical compositions and hydrogen contents of specimens.

A Chemical compositions (%) | H. contents
Specimens — ‘ i A m¢ NTP/100g
Cu Fe “ Si ; Mn Cr | Zn | Mg Ti | 2Zr |
1100 0.04 0.33 0.14 0.01 <0.01 0.03 0.01 <0.01 — 0.96
5052 0.02 0.27 0.10 <0.01 0.20 0.02 2.46 <0.01 - 0.26
Parent metals
5083 0.01 0.22 0.09 0.65 0.16 0.01 4.44 <0.01 — 0.80
Al-Zn-Mg 0.04 0.17 0.05 0.27 <0.01 3.84 2.04 0.01 0.20 0.33
1100 0.04 0.32 0.12 <0.01 <0.01 0.02 0.01 <0.01 — 2.88
5183 0.01 0.22 0.08 0.66 0.18 0.02 4.31 <0.01 — 1.39
Filler metals
5356 0.01 0.24 0.10 0.12 0.09 0.01 5.19 0.10 — 0.61
Al-Zn-Mg 0.02 0.17 0.06 0.29 <0.01 3.78 2.16 0.01 0.23 0.76
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Photo. 1 Effect of gas compositions on appearance of MIG-welds in 5083 alloy at constant welding condition.
(280A, 24V, 60cm /min, 28]/min)



Vol. 10 No. 3

FE U AGOMIGERICIT 3 7 v T L HANDRE, BES S ORERNO L

(160)

DAT =V DERMRRBIIA, 110070 2 =9 A TR S
NHEDRy — ViR E A EEREN TR, F/ Ar+
Op CHEEDRHEL 1100 7L I =7 LOFREABD R
— IV DERENRL 2 ohA D,

Table 3 Effects of gas compositions on apperance of
MIG-welds in aluminum alloys.
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Photo. 2 Effect of gas compositions on shape and penetration of MIG-welds in Al-Mg alloy. (Plate thickness: 10 mm)
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Fig. 1 Effects of gas compositions and welding
currents on shape and penetration of
MIG-weld in 5083 alloy.
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Fig. 2 Effects of gas compositions on shape and
penetration of MIG-welds in 5083 alloy
at a constant welding current (300 A).
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Table 4 Dia. and volume of pores.

Dia.of pores Ayerage dia.of | Volume of 3 pore
0.2~0.6mm 0.4mm 0.033mm3
0.6~1.0mm 0.8mm 0.268mms3
1.0~1.4mm 1.2mm 0.904mm3

>1.4mm - —
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Fig. 3 Effects of gas compositions on tensile properties of MIG-welds in 1100 aluminum.
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Fig. 4 Effects of gas compositions on tensile properties of MIG-welds in 5083 alloy.

__~5__



(163) E R #E &2 8B & 8 July 1969
80 l WKL OFAEMNE BN B, Fig. 6 135083-10mm # % 5356~
l 2 /L Lemme FhH T MIG @i (4 BEE) LR
ol |l oo & |2 T e ArtNg 7 2T, bIhis BRI+ 5
e A EAMESIND, Ar+O0z 7 2 TIEE OB 113 b<%
| MR TE B, Ar+Hoy 2Tk Fig. b & FEEE, &4
— 40 Filler metals 1100.1.6 ¢ ”‘L/Lxgc’é:t/]xlil %;h,}g)o
gg MIGmanuel  (2pass) Z Of1100%s L 105083 &bk LT MIG & EBIC L 5
T 20— ot desian i e 4 Bead-on-plate ##s £ 0t MIG 4 EB) /s b OIS HEIC
= | | ] Y BRAVEHEEBA TR0l SIS OERERIELT
5 o —e— o Go0ny Table 5 {27k, Table5 J 0545 & & < 11007 v 3
g —0—  AriN. =% L CIEAT+Ny 35 L0 Ar+0g 7 2 TR & bICH
s —v— A0 HUTWBR, 50834 &DBEAT+N, ¥ 2 TR T B
5 I N £ LT DBADTE A NS ), B EEOLR A Y
° ! ’ } W5 & 1T & e Ar+O 7 2 Cid 5083 B D8
S | a ALEFITEL WD LTk D BERNOEE o R 07
—//? | '%' B HND, Ar+Hy 7 2 TELTHOBE b RILOFLEN
v . ] ELV
10 15 20 (N2)
'5 7f5 ]'0 (00 . Table 5 Effects of gas compositions on porosity rating
) ]f5 2 o) ! of MIG-welds in aluminum alloys.

Degree of porosity (mm/100mm)

Contents of gases (%5 )
Fig. 5 Effects of gas composition on porosity rating of
MIG-welds in 1100 aluminum.
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Fig. 6 Effects of gas compositions on porosity rating
of MIG-welds in 5083 alloy.
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Studies on Corrosion of Aluminium Alloy Welds

by Shiro Terai,
and Toshiyasu Fukui

Yoshihiko Sugiyama, Michiki Hagiwara

The corrosion tests of TIG-welds in 1080, 5052, 5083-0O, H plates, 6061 and Al-Zn-Mg-T4,

T6 plates were made for a period of one year in industrial and marine atmospheres and in
industrial and sea waters.

B, 73 =y LA SEIE,
W R B IR,
EDEHRTMI=Y L AEOTRCEL, BERTIER

The results obtained were summarized as follows:

Many small pits were produced on the whole surface of all specimens corroded in indu-
strial and marine atmospheres. There were no differences to be observed among the all
kinds of materials.

In industrial and sea waters, 1080, 5052 and 5083 alloy welds had high corrosion resistivity,
while 6061 and Al-Zn-Mg alloy welds were severely corroded in their heat-affected zones.
The losses in tensile strength and elongation of welds by corrosion were negligibly small,
except the Al-Zn-Mg alloys corroded in industrial water.

In industrial water, the solid solution zone of welded joints in Al-Zn-Mg-T6 specimens
and all parts of T4 specimens, except for weld metal, were severely corroded.
Intergranular corrosion was found in the fusion zone and solid solution zone of welds in
heat-treating alloys such as 6061 and Al-Zn-Mg.
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Table 1 Chemical composition of parent metals and filler metals.
H Chemical compositions (%)
Materials —
; Mg Zn Si Mn Cr Ti Zr Cu Fe
1680 | 0.001 0.001 0.042 0.002 0.001 0.001 — 0.003 0.089
5052 2.58 0.01 0.69 0.01 0.20 0.01 —_ 0.01 0.26
Parent metals 5083 | 4.40 0.02 0.08 0.60 0.17 0.01 — 0.04 0.21
6061 | 0.95 0.01 0.61 0.02 0.24 0.04 — 0.22 0.19
! Al-Zn-Mg ‘ 1.55 4.41 0.05 0.33 0.01 0.01 — 0.01 0.18
1C80 0.001 0.001 0.042 0.0(2 0.001 0.001 — 0.003 0.089
1160 0.01 0.01 0.13 0.01 0-01 0.01 — 0.02 0.58
5052 2.53 0.01 0.69 0.01 0.20 0.01 -— 0.01 0.26
Filler metals 5183 4.79 0.01 0,18 0.70 0.10 0.01 - 0.02 0.29
5356 5.22 0.04 0.07 0.11 0.11 0.10 — 0.01 0.08
4043 0.01 0.01 5.20 0.01 - 0.01 — 0.01 0.21
Al-Zn-Mg 1.68 4.12 0.08 0.31 0.01 0.01 0.17 0.01 0.19
Table 2 Combination of parent metals and filler metals. Table 3 Analysis of water
Parent metals Filler metals (A) Filler metals(B) ‘Q Sea water Industrial water
1080 1080 1100 ‘ pH 8.10 6.52
5052 5052 5183 ‘ Relative conductivity, pt/cm 47530 1558
5083 5183 5356 t Total solid, ppm 35840 855.0
6061 4043 5856 Ignition remnants, 7 30460 -
Al-Zn-Mg Al-Zn-Mg 5356 l Ignition loss, 7 5380 o
- e M-alkalinity, 2 115 57.0
Total hardness, 7 5915 174.8
Oxygen demand, 7 4.0 -—
Chlorine ion, 7 17920 305.0
Ammonium ion, 7 Tr 10.0
Nitrous ion, 2 7 —
Nitric ion, v 7 —
Ferric ion, 2 7 0.8
Calcium ion, v 377.4 -
Magnesium ion, ” 1208.1 —
Sulfuric ion, 7 2572 158.0
Silica, 7 — 22.8

Photo. 1 Appearances of the rack setting up the specimens
upper: exposed at marine atmosphere for 3 months.

lower: immersed in sea water for 3 months
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Photo. 3 Appearances of welds with filler metals (A)

immersed in sea water for a year.
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Photo. 2 Appearances of welds with filler metals (A)

exposed at marine atmosphere for a year.

T4 T6
Photo. 4 Appearances of welds with filler metals (A)

immersed in industrial water for a year.
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Photo. 5 Appearances of welds with filler metals (A)

exposed at industrial atmosphere for a year.
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Fig. 1 Change in tensile properties of Al-Zn-Mg alloys

immersed in industrial water.
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Fig. 3 Number of pits at the positions of specimens

exposed.at marine atmosphere for 1 year.
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Fig. 2 Change in tensile properties of Al-Zn-Mg alloys

exposed at marine atmosphere.
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Fig. 4 Average of pit depth at the positios of specimens

exposed at marine atmosphere for 1 year.
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Table 4 Evaluation of corrosion behavior of aluminium alloy welds by tensile properties.
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Photo. 6 Microstructures of 5052 alloy bonds. (x100)
left: exposed at marine atmosphere for 3 months (O-plate, filler metal: 5052)
right: immersed in sea water for 3 months (H-plate, filler metal: 5052)
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Photo. 7 Microstructures of Al-Zn-Mg alloy bonds. (x100)
left: immersed in sea water for 3 months (T4plate, filler metal: Al-Zn-Mg)
right: exposed at marine atmosphere for 3 months (T4plate, filler metal: 5356)

Photo. 8 Micrstructures of heat-affected zone of Al-Zn-Mg alloy exposed at marine atmosphere for 3
months. (x100)
left: T4plate, filler metal: Al-Zn-Mg
right: T6plate, filler metal: 5356

Table 5 Evaluation of corrosion behavior of aluminium
alloy welds.
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Fig. 5 Anode potential at the positions of specimen.
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Fig. 6 Hardness distributions and maximum peak
temperatures of TIG-welds made with 5356
filler metal in 5083 alloy.
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Photo. 9 Electron-microstructures of heat-affected zone
in welded joint of Al-Zn-Mg-T6plate.
upper: solid solution zone (10 mm from bead
center)
lower: over aged zone (23 mm from bead center)
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Effects of Corrosion Inhibitor on Stress Corrosion
Cracking of Aluminium Brass in Fresh Water

by Shiro Sato and Tadashi Nosetani

The investigation was carried out to make clear the effects of a corrosion inhibitor to
the stress corrosion cracking of aluminium brass tubes in fresh water. The tests were
conducted for about a year at two refineries using fresh feed water and recirculating water
containing 50 ppm of an inhibitor.

Results obtained were as follows:

1) Tubes with non-inhibited water showed many small pits, and it seemed that the applied
tensile stress did not accelerate the pitting corrosion. On the other hand, no pit was found
on tube surfaces with inhibited water.

2) In the tests at both refineries the stressed tubes with non-inhibited water had cracks.
However, those with inhibited water were free from crack. It was shown that an addition
of the inhibitor is useful for preventing the stress corrosion cracking of aluminium brass
in fresh water.

3) Cracks occurred at pits or deformation bands [perpendicularly to the applied stress and
the path was transgranular. From this fact it was assumed that the stress concentration
at pits or deformation bands is a substantial factor for the stress corrosion cracking.

4) The corrosion inhibitor added to the recirculating water was a mixture of sodium-chromate
and poly-hexametaphosphate. In this stage, it was not clear whether the effectiveness in
the tests was due to either of these components or to their mutual function.

1. &

AR EHKICER L TN BB O 7TV I = 13
FAEC VX LIRS RSN L 2 RE L TR h, B
BEHRSF EOFEBELMEO DI 5 Tnb,

ZOBHBEE L T4 CEd HREEOTIEDTANENE
ENTETHDNRTHIREAINT WD LIEWWEES, 7z
&2 EENEAEEN A FE T AR DWW X <
STWRWIRILIZ B 5,10 f2/d, BEREIDBHKE &L Ein
Fe O & O ERBRNTELTH & L1385 it
IR,

BEOREBH 77 v riekWTika vy 7oy —74 8D
BAAZ AR D IS HIKIZ WK & B2 b O N1 A EAIC D

i

SIEBEFROBIMO AL HAHRLETHLDTH - T, ik
LG DB D AXREE 35 DT\,

TR =Y REEE QRSB AEIN & KGR AR
HOTM—ORFRA EIA$ 5 & & OBEEMEILT AT
SDOBATHREELL ST WT HEHINTETWLB,
SHOEZAFLEILMBILTUNIR N,

MEFNA1EE DD, BEEPEEDHHIBE & U ChHHIE % 7
WTEBR AR L BHKE AT WS A, BRI OF
Bl LD, WEHAORK WaRilEBZHEmL Thmn
K) ETEBUK (EEMHEIAARIML T 37K) v
NEEFRARETHWELET, D¥EET L hF 2
b ER— T E AT DB L7,

D, T IZRBWTHAHHOBRKE GRE THETL DD 2. R LRBHE
BLTERTH DS 0,

LT, TOMEBRKTII &L A7 4 2L OB 2.1 &%

23 BAR B s DAL — B SEIRI D ERI— 23T 2o T s Bkt & L Table l @iRd 70 32 = v L3RS % FiV 72,
LONR—EHETH D, L, FOBEAIEIFIOERIZL 22 BhHEAREE

* PR L Photo. 1 iRt & 527V v 7 X ISHEEHRREY
I Awiz, ZOBEBRBIZRWT, £20RRECIL 2MEO =

._1.._



Vol. 10 No. 3

TV i o AR & A BIEARHNIC S ST aEmfAio R

(176)

Table 1 The tubes used in the test.

(1) Chemical compositions(%)

cu | za | Al ] Si | As Fe | Pb
78.2 ‘ R | 20 |02 | o005 <001 | <0.01
(2) Mechanical properties
sy | g/ | RO | otk | sineiam
15.7 . 41,0 i 64 74.1 0.020
(3) Size (mm)
Diameter Thickness Length
16.0 1.0 2,000

TN T DB L 5 TELI—~BDHIMMER LT,
EDRE IDFERIET A E L LT,

2-3 IGHBEERR

4 oz E#No. 1, 2, 3, 4 CEAF =BT FENFN
A LU BHEEHAR O BUKR LOTERKA®B Uiz. &85
OB IIBHEOTAHEE L 7T0, 0.05%, 0.10%% LU
BREL EOUOTHREE 2,

HERM L HREDO~ ~ 7 H—FE L C Table 2 kiR L7z,

MUl OTHEEEDOREIIC R+ v A v — %A
FLTHEL, FNEd ETWTHRE L, fmo$ha
DOFAEA Table 3 /R Uiz, FHBRE G L 7oK D4 HTE
% Tabled \z7% Ui,

3. B B R

3-1 &8
ABUTMPTTIR19674E4 A 8 B X v, BHEYMAT CIX19674
4 A218 X W EBRE IR L,

19674£ 7 A 8 B, 1—4E/WEMIH L DI Lrc. FHED

Phote. 1 Stress corrosion test apparatus. The stress is
applied by compressing two springs fixed to
each tube.

R, AEAEL D ISHESEN AL L THD Z EAbh o
Fro ENEAREEIR S 2 P BT U, Ei, 19684E5
AT 3—AE PE IR B B W CEIMNER L D EhA 4T T
L7,

AP CIX19684E7 A 1 A, BHVMATTIR19684E5 A
9 HicENFIF A+ &RT U,

3-2 SERA

ASVHFROE TR CEB LT, SEss b OB AL
BHTH -7z,

BEHFTOE X BEOEWEALE R EEL, 1R
LWEEL 2T T, ZOBEERME SN UiER,
15T CueS KIS T AR O DL DTHBH T L Mbh oz,

Fir, 3—4FRIFELHCEATNLDE LB

Table 2 Conditions of the stress corrosion test and mark of the test tubes.

Applied strain(%)and mark
Plant name Period Test apparatus (No.) Water

0.00 0.05 0.10 Ey*
1 Feedwater 1—1 1-2 1-3 1—4

A Apr. 8, ’67~July 1, '68
2 Recirculating water 2—1 2—2 2—3 2—4
3 Feedwater 3—1 3—2 3—3 3—4

B Apr. 21, ’67~May 9, '68
4 Recirculating water 4—1 4-—2 4—3 44

* : gy yielding strain

Table 3 Applied strains(%) to the test tubes.

e Measurement i ) . .
I Y At the beginning of the test At the intermediate inspection*

b Strain(%) B

Test apparatus 0.00 0.05 0.10 Ey 0.00 0.05 0.10 &y
No. 1 0.00 0.0490 0.0995 0.1555 — 0.0461 — —
No. 2 0.00 0.0506 0.1008 0.1575 — 0.0511 - —_
No. 3 0.00 0.0495 0.1003 0.1500 — 0.0525 " 0.0925 —
No. 4 0.00 0.0500 0.1005 0.1853 — 0.0501 0.0983 —

* : Date of the inspection, No.1,2 : Dec. 67, No. 3,4 : Nov. '67
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Table 4 Water analyses.
- Test apparatus
e No. 1 No. 2 No. 3 No. 4
Compositions T e
Inhibitor (ppm) No 44.4(39.0~51.0) No 32.9(27.0~41.0)
NH*+ (ppm) — — 0.17¢ 0~ 0.63) 0.55( 0.1~ 1.4)
pH 7.2( 6.4~ 7.4) 7.6( 7.2~ 7.9 6.6(6.3~ 7. 1) 6.7¢ 6.0~ 7.4)
C1- 7.9( 7.2~ 9.0 16.8(13.2~20.0) §5.3(2.5~ 6. 1) 17.0¢ 8.0~17.5)

Total hardness (ppm) 57.3(41.5~62.0)

80.7(60.7~89.0) 21.9(9.0~62. O 31.9(16.0~98.0)

Temperature °C)

8.1(1.0~27. 0) 19.2(15.0~28.0)

Conductivity (pQ-cm)

156( 65~ 300) 215( 152~ 650)

(1) Figures in parentheses show the range.
(2) The measurements were made once a week during the test.

(B

il

NDENAHR LD Bz, BEVHBTIC B\~ CEBREE
ENTNAEE R EREEE O L TH BN, FOEH
KOBAMEGLT LB L <1/, fofs, FRkOMREEMN
B o TWe Z 3 L OKK P B O L RiE
LI ERER L - THERLENEZE LD LB BN
Do HINABOWIN & £ DWW DAl % Photo. 2 ik Lz,

X
.

i

(a) Cracks on the outer surface

CRaR TR L B
(b) Photomicrograph of cracks
(longitudinal cross section)

AT

Photo. 2 Corrosion and cracks on the outer surface of
NO. 3-4 tube by open air contaminated with
trace of sulfide and moisture.
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Table 5 Chemical compositions of the inner deposits

of the tubes(%).

”“‘ Compositions
NH4* Cu Fe 310,
Test apparatus
No. 1 0.03 14.2 4.3 18.2
No. 2 <0.01 1.4 7.1 22.4
No. 3 0.06 1.4 15.1 15.7
(No. 4; insufficient deposit for analysis)

B No. 1~4 0D, BINSEd L b=t
B No. 1 5 X U'No. 3 0% ch b, No.2 %k L0 No. 4
OEITEIUTL A BN o 7n, BB No.l & L UtNo. 3
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No. 1-3 (£=0.10%)

No. 1-4 (e>&y)

Photo. 3 Pits and cracks on the inner surfaces of the tubes fixed to No.1 test apparatus.
The crack is circumferential and through the pit.

No. 3-3 (¢=0.10%)

No. 3-2 (¢=0.05%)

a0

Phote. 4 Pits and cracks on the inner surfaces of the tubes fixed to No.3 test apparatus.
The crack is circumferential and through the pit.

Photo. 5 Many small cracks with no pit distributed
narrow oblique band.

.

XA, BRESMAFFOFK, dbbBEmEREZRmL T
W WRAHEK A B LA b O TH D, No.2 k0 No.4
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No. 1-1 (£=0.00%)

¥ G i % § 3 : 3
No. 1-3 (£=0.10%) ‘ No. 1-4 (g>&y)
Photo. 6 Photomicrographs of pits and cracks observed on the tubes of No.l test apparatus.
The path of the crack is mainly transgranular.

No. 3-1 (¢=0.00%) No. 3-2 (e=0.06%)

b3 s ¥ : : “‘M&a .~ e
No. 3-3 (e=0.10%) No. 3-4 (e>&y)
Photo. 7 Photomicrographs of pits and cracks observed on the tubes of No.3 test apparatus.
The tubes were extended slightly to detect the cracks.
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o
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4
Applied strain (%)

Fig. 1 Depth of cracks and applied strains of No. 1 and
3 test apparatuses.
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Ei Aie=(Eo- Ao+ Eoa-Ag)E

__Et'At“‘Ea‘Ao
R

4 = B B B

4-1 BHEELRROBMESE
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BN & 0T OREME S FEOHERY R Lz, 20
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