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Formation of Copper Acetylide in the Presence of Sulphide®

by Tadashi Nosetani**

" and Shiro Sato™**

In our country the present regulations stipulate a maximum of 629 copper in the
alloy used at the plant contact with acetylene in spite of high corrosion resistance of
copper alloy to sea water. In application of copper alloys for heat exchanger tubes in
refineries and petrochemical plants using sea water, hydrogen sulphide usually included in
the process gases may inhibit copper acetylide formation. This investigation was to make
clear whether the dangerous copper acetylide can be formed under the coexistance of

acetylene and hydrogen sulphide.

It revealed the fact that no copper acetylide can be formed in the presence of sulphide
ion not only in cuprous and cupric solution but also on the surface of copper and its alloys.

1. Introduction

The application of copper alloy tubes for heat
exchangers using sea water at petroleum refining
plants ,or at petrochemical plants is restricted to
the relatively narrow section in spite of their high
corrosion resistance to sea water. It is because the
shell-side gas in most cases contains the trace of
acetylene. In our country the present regulations
stipulate a maximum of 629 copper in the alloy
used for the plant contact with acetylene.

Studies on the conditions of formation and the
properties of various copper acetylide compounds,
and the formation of acetylides on the surface of
copper and its alloys have hitherto been published.
From the view point of the application of copper
alloys for heat exchanger tubes in refineries and
petrochemical plants, it is considered that the
hydrogen sulphide usually contained in the process
gases may decrease the possibility of copper acetylide
formation. However the formation of copper acetylide
compounds in the presence of both acetylene and
sulphide has not been clarified. This investigation
was to make clear whether the dangerous copper
acetylide is formed under the coexistence of acety-
lene and sulphide.

Bottger? noted that acetylene in an ammoniacal
solution of cuprous chloride gave a red-brown pre-
cipitate. Berthelot? found that a copper acetylide
was given from this solution. Blochmann® deter-
mined its constitution. Utilizing the formation of
copper acetylide, Ilosvey® proposed the sensitive so-
lution to detect acetylene. Klemens and Kodderman-
Gros® supported the Blochinann formula CuysCs-H2O
for cuprous acetylide from their analysis of copper
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acetylide obtained using cuprous chloride solution free
from oxygen. Morita®) observed that cuprous acetylide
was easily oxidized by air or oxygen and changed
the explosion temperature. Sénderbaum” obtained
a black explosive cupric acetylide with the appro-
ximate composition Cu:C of 1:2 by passing acetylene
into a cupric salt solution. Brameld and coworkers®
obtained cupric acetylides from alkaline solutions
of cupric salts but no precipitates from neutral or
acidic solutions. From the result of X-ray analysis
and the amount of the combined carbon as acetylide,
Feitknecht and Hugi-Carmes® suggested that cupric
acetylide did notrexist; cupric ion was reduced to
cuprous one by acetylene, and it combined with
acetylene to form cuprous acetylide. Scheiber and
Rechleben!® showed that dry pure acetylene gave
no action on surfaces of copper and its alloys in
the exposure test of twenty months. Brameld and
coworkers® also observed that wet acetylene formed
an explosive acetylide on the surface of copper and
brass containing copper more than 509, especially
when contaminated by acid or alkali. Recently,
Hill') stated his optimistic view that copper and
its alloys could be put into service at chemical plants
without a risk of copper acetylides.

2. Experiment

2.1 Conditions of the formation of copper acetyl-
ides

The conditions of the formation of cuprous and
cupric acetylides were investigated with cuprous
and cupric solutions of various pH. The composition
of the solution and the result were given in Table 1.

Solutions of No.l to No.5 were prepared for the
formation of cuprous acetylide from the cuprous
solution. The solution whose pH was approximately
greater than 1 changed its colour almost immediately
after the passage of acetylene, and then the red-
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Table 1 Formation of copper acetylides from various solutions

Solution C . pH Precioi
No ompositions Before passing After passing recipitate
. acetylene acetylene
1 CuCl: 2.50g, 0.5N-NH,OH: 1000m!, NH.OH-HCI 2,4,6,7,9, 10, 12v 2,4,6,7, 9,10, 12 | Red-brown(Explosive)
1.25% 1.25 None
2 CuCl: 0.55g, H:O: 100m/, NH,OH: 4m/, NH.OH- 1.30 1.30 Red-brown(Explosive)
HCI: 3g 1.60 1.60 Red-brown(Explosive)
1.95 1.95 Red-brown(Explosive)
CuCl 0.57N-HC1 H.O
g m! mi
0.25 100 0 0.24 0.24 None
3 0.25 50 50 0.55 0.55 None
0.25 30 70 1.1 1.1 Red-brown(Explosive)
0.25 25 75 1.2 1.2 Red-brown(Explosive)
2.50 0 100 5.9 2.0 Red-brown(Explosive)
4 5001;1(3112-2H20: 0.52g, 1095 NH,OH-HCIl: 2m!/, H,O: 1.8 1.0 Red-brown(Explosive)
5 SC(;JISIOySHgO: 0.76g, 10%NH.OH-HCI: 2m/, H;O: 2.3 1.2 Red-brown(Explosive)
CuCl,+2H,0: 2.70g, 0.5N-NH,OH: 1000m! 2.5% None
4.8 None
6 6.8 6.8 Brown-black(Explosive)
9.0 9.0 Brown-black(Explosive)
10.6 10.6 Brown-black(Explosive)
CuCl,-2H,0: 2.70g, H,0: 1000m!l 4.09 None
4.9 None
7 6.1 6.1 Brown-black(Explosive)
7.2 7.2 Brown-black(Explosive)
12.7 12.7 Grey-black(Explosive)
13.3 13.3 Grey-black(Explosive)

Note 1) pH was controled by the addition of dil. HC1 to 50m! of this cuprous solution.
2) pH was. controled by the addition of HCl to 20m! of this cuprous solution.

3) pH was controled by the addition of sodium hydroxide.

brown precipitate were obtained. The precipitate
was washed with ethylalcohol and dried for one
day in vacuum. The explosibility was tested by
attaching a dull hot platinum wire to a bit of the
dried precipitate.

All the precipitates obtained from No.1 to No. 5
solution were readily explosive and soluble in hot
dilute hydrochloric acid. From these properties, the
red-brown compound was thought to be cuprous
acetylide.

No.6 and No.7 solutions were prepared to inquire
closely into the formation condition of  cupric
acetylide from the cupric solution. In the solution
whose pH was greater than about 6, precipitation
began gradually after the prolonged passage of
acetylene. The precipitates from nearly neutral and
strongly alkaline solutions were brown-black and
grey-black respectively. All the above precipitates
were explosive and insoluble in dilute hot hydro-
chloric acid. From these chemical properties, the
precipitates were identified as cupric acetylides®).

2.2 Chemical compositions and heaf of combustion
of copper acetylides

The analysis of chemical compositions and the
measurement of heat of combustion were made to

acquire a necessary knowledge for the acetylide
formation. The solution used in the test and the
result were indicated in Table 2. The copper acety-
lides from different solutions were filtered and
washed with distilled water and acetone in acetylene
atmosphere, and dried in a vacuum desicator rad-
iated by infrared ray for one day. The heat of
combustion was measured with the adiabatic calori-
meter. The results are summerized as follows.

a) The Cu/C molecular ratio of cuprous acetylide
was 1.2 to 1.3.

b) The Cu/C molecular ratio of cupric acetylide
was 0.5 to 0.6.

¢) The heat of combustion of cuprous acetylide
was 2000 to 2100 cal/g.

d) The heat of combustion of cupric acetylide was

2700 to 3200 cal/g.
From these results, the calculation of heat of the
formation was made under the assumption that
a) Cuprous acetylide is CusCs, its heat of com-
bustion is 2000 cal/g.
b) Cupric acetylide is CuCs, its heat of combustion
is 3000 cal/g.
¢) They react with oxygen as follows.
CugCgo +305=2Cu0+2C0,
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Table 2 Chemical compositions and heat of combustion of copper acetylides
Conditions for acetylide precipitation Acetylide
Precipitate ; .
Compositions of solution Precipitate, Cu in pH Compositions Heat of
No. Durati ; ) 1- RRg . filtrate, Before pass- | After pass- Acetylide Cul C lcutc combustion,

(Duration of passing agety ene)| (R-R.Cu,% ppm ing acetylene | ing acetylene wlal e Cu/C cal/g
CuCl:2.50g, NH,OH: 12m! 2.01 0.36 9.0 9.3

1 NH,OH-HCI: 5¢, H.O: 100 m! Cuprous [79.9/11.6| 91.5 | 1.30 1970
(30 min) (100)
CuCl;-2H,0: 5.00g, IN-NH,OH: 2.36 0.01 9.0 9.3

2 200m!, NH,OH: 4m!, NH,OH- Cuprous (81.4/13.1| 94.5 | 1.17 2130
HCI: 5.0g (45 min) (103>
CuCl,-2H,0: 5.00g, IN-NH,OH: 2.96 0.21 10.1 9.7 :

3 200mi (125 min) + 00y Cupric [62.9/24.2( 87.1 | 0.49 3200
CuCl,-2H,0: 5.00g, 209 NaOH: 2.86 117 6.2 1.7 :

4 82ml,2H2(§: 200 ml (126 mim 62 Cupric [60.2]19.2] 79.4 | 0.59 2680
CuCl;-2H,0O: 5.00g, NH,OH: 2.63 98 6.1 2.3 :

5 32ml,2H2O: 200m! (120 mli*n) 3 Cupric [58.9(17.9| 76.9 | 0.62 2990
CuCly-2H,0: 5.00g, 29 NaOH: 2.74 0.10 12.6 12°6 :

6 200mi (126 min) 8, 2% 68) ] Cupric . |66.725.6) 92.3 | 0.49 3150

Note 1) R.R.Cu : Recovery rate of copper, which was calculated from the weight of the precipitate and its copper content.

CllCz + 5/202 ICUO—|—2C02
The standard heat of formation were
AH°cu.c.=39.8 kcal/mol
AHcuc, =37.3 kcal/mol
where, AH®cuo=—37.1 kcal/mol, AH°co,==—94.1kcal
/mol.1®»
Each standard energy of formation was possible to
be approximated to the standard heat of formation;
AG°cuc.=AH cu
AG°cuc, =AH cuc,
The result showed that the standard energy of
formation was nearly equal for both cuprous and
cupric acetylides.

2.3 Effect of sulphide on the formation of copper
acetylides

Tt was examined whether copper acetylide is
formed in the presence of sulphide ion.

After acetylene was passed to the ammoniacal
cuprous solution, No.1 in Table 2, for one hour to
fully precipitate the red-brown cuprous acetylide,
then sodium sulphide solution was dropped with
acetylene being passed. The ratio of the added
sulphide to the copper content in the solution was
1.2 in molecular ratio. Almost immediately after
the addition of sulphide solution, the red-brown
cuprous acetylide changed to the brown-black
precipitate, which was unexplosive. This precipitate
(No.7 precipitate) was identified as copper sulphide
by X-ray analysis as shown in Table 8. From this
result it is concluded that the cuprous acetylide
is not formed in the presence of sulphide ion, and
it is decomposed to copper sulphide by sulphide ion.

Black and unexplosive precipitate (No.8 precipitate)
was obtained in the experiment that both acetylene
gas and sodium sulphide solution were simultaneously
added to the strongly alkaline cupric solution, No.6
in Table 2. However the No. 9 precipitate given by
the addition of sodium sulphide after the grey-black
cupric acetylide was fully formed in the strongly

Table 3 X-ray analyses of copper acetylides and other
precipitates

Main diffraction line, d; A

Precipitate
No. (Intensity, %)

Remarks

2.81 | 2.1311.98 . .
1 00| 70) | 40y Cuprous acetylide
2.81 | 2.14 | 1.99 .
2 aom| 7 | &0 Cuprous acetylide
2.76 | 2.45 | 2.13 s s
3 ©0) | 0 | ooy Cupric acetylide
4 8.08~2.75 %1%)?6) Cupric acetylide
5 3.21~2.58 %1(1)%) Cupric acetylide
- 3.41 12,87 (2.78|2.45(2.14 | 1.93 . .
6 90y | (100y| (50) | (90) | (40) | (60) Cupric acetylide
7 3.39 | 2.86 | 2.39 | 1.95 | 1,87 | 1.68 | Corresponding to
(50) | (80) | (90) | (100)| (100)| (100)| CusS
3,15 | 2.82 | 2.31 1 1.95 | 1.76
8 (80y | 80y | (i00y| 70y | (40 Unknown
3.4113.24 2,86 | 2.44 | 2.14 | 1.96
9 (50) | (50 | €60y | 50y | 0y | clooy| Eaual to No.6
10 3.40 | 2.40 | 1.96 1 1.88 Corresponding to
(100| (90) Cu.S

(40) | 100y

alkaline solution, No.6 in Table 2, by passing ac-
etylene for two hours was as explosive as the
cupric acetylide (No.6 precipitate). On the other
hand, the cupric acetylide formed from the neutral
or weakly alkaline solution whose composition was
same as the solution for No. 3, 4 or 5 precipitate
was changed to the unexplosive (No. 10 precipitate).
This was comfirmed to be copper sulphide.

These results show that although cupric acetylide
is not formed under the coexistance of acetylene
and sulphide ion, the stability of cupric acetylide
once formed against sulphide ion is dependent upon
the alkalinity of the solution in which it is formed.

2.4 X-ray analysis of copper acetylides and other
precipitates

Main diffraction lines of copper acetylides and
other precipitates in the experiment were indicated
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in Table 3. Cuprous acetylides (No.l and 2 precipi-
tates) had the common diffraction lines of 2.13 and
1.98 A, while cupric acetylides (No.3 to 6 precipi-
tates) did not offer any obvious common line. Some
of them presented the similar broad peak.

It was deduced from the diffraction pattern of
No.7 precipitate that the cuprous acetylide was
altered to cuprous sulphide by sulphide ion. While
the cupric acetylide did not necessarily change to
copper sulphide even in the presence of sulphide
ion. The unexplosive No. 8 precipitate could not be
identified by X-ray analysis, but it appeared to be
consisted mainly of copper sulphide.

2.5 Formation of acetylides on the surface of
copper and its alloys -

It was conducted to investigate the formation of
acetylides on copper and its alloys exposed to the
humid mixed gas which consisted of acetylene, air
and hydrogen sulphide. The metals used were shown

in Table 4. Specimens(sheet, 55w X 55w X 1.5t)cleaned
on emery and degreased with acetone were suspended
in the vessel filled with the atmosphere listed in
the space of atmosphere in Table 5. A concentrated
ammonia solution or water was placed in the
bottom of the vessel. The mixing ratio of each gas
was about 1 in volume. The temperature of the at-
mosphere was kept between 40 and 50 °C. The time
of standing was 100 hours.

The result was summerized in Table 5.
2.5.1 Result of series 1

Scales formed on all the specimens exposed to
the atmosphere with acetylene and ammonia were
blue-black or brown-black. Their explosiveness were
highly sensitive to heat and friction, and ignited
when a hot platinum wire was attached to. Further,
they showed miuch the same diffraction pattern as
that of cupric acetylide (No. 6 precipitate in the
former etst).

Table 4 Copper and its alloys for exposure test (wt %)

Alloy Cu Zn Al P As ' si j Fe Ni Mn
DHP 99.96 — — 0.02 — — <0.01 — —
BsP1 70.11 Rem. — — — — <0.01 — —
BsP3 60.51 Rem. — — — — <0.01 — —
BsTF2 78.21 Rem. 2.18 - 0.05 0.23 <0.01 — —
CNTF3 67.81 — — — — — 0.58 30.82 0.71
Table 5 Copper acetylide on the surface of copper and its alloys
Series 1 Series 2 ‘ Series 3 Series 4
© Acetylene @) X O X | O X O X
3 Hydrogen
5, sulphide X X X X O O @] @]
124 .
g Air O O O O O O O O
z Ammonia @) O X X O O X X
Water O O O O O O O O
DHP Scale .8 0.40% 0.72 Tarnished | Tarnished 23.20 28.59 2.21 1.62
Weight loss ,g 0.10 0.58 Brown-black | Brown black 20.43 e | 1w | 148
Scale g 0.10% 0.15 . Lightl 0.29 1.11 0.05 .
BSP1 | e e garnlShed gtarnyished ___________________________________________ f ________________ f (_)_f)_s ______
Weight loss ,g 0.05 0.20 rown Brown-black 0.18 0.69 <0.05 <0.05
Scale g 0.15% 0.25 ; Lightl 0.33 0.64 0.05 .
BsP3 | oo e e e garnlShed gtarnyished ___________________________________________ f..._,_,,, ____,_f.o,_qs_ _____
Weight loss ,g 0.09 0.35 rown Brown-black 0.26 0.25 <0.05 <0.05
Scale .2 0.15* 0.29 . Lightl 0.55 0.41 . .
BSTF2 |~ oo e e Tarnished gtarnyished U .,,,____<__0__95_ ___________ _<,?~_0_5 ______
Weight loss ,g 0.09 0.28 Brown Yellow 0.38 0.30 <0.05 <0.05
Scale .2 0.11* ; Lightl 1.20 0.80 0.16 1.18
CNTF3| - Stable | pornished Rarmished [---s-rs-o-occms|oemmemmen oo
Weight loss ,g 0.03 Grey 0.76 0.57 0.11 0.69
9 > Cupric Cu.S Cu,S
R DHP acetylide | Cu(OHD:2 - - Cud ul Cu.$ CusS
1773
]
i Cupric CuS
Sy BsP1 acetylide | C2(0H)2,200 - - Zn0 - - -
s
- B
5§28 BsP3 P S tylide | Cu(OH)2Z00 - - %o Cus - -
E:
) N Cupri
£537 |meTR2 e ylide | Cu(OH)2,Zn0 - - Cus Cus CuzS Ccus
5
g 9 u
L Cupric
T g% |CNTF3 P cetylide — - - CuS - CuzS ?

Note * : Explosive, O : Present, x

;' None
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Corrosion products of the specimens exposed to
the atmosphere without acetylene were rather
more bluish than the ones with acetylene. They
were, as a matter of course, immune to explosion
by heat and friction and were mainly made up of
cupric hydroxide.

5.2 Resulf of series 2

The surface of specimen exposed to the atmo-
sphere containing acetylene became brown-black.
The corrosion product was too little to conduct
the explosibility test and the X-ray analysis. It was
considered that this is because of the absence of
ammonia which is extremely solvent for copper and
its alloys. However it was suggested that the ex-
plosive scale may be formed after the more
longterm exposure in this atmosphere.

2.5.3 Result of series 3

Regardless of the presence of acetylene, the grey-
black corrosion product with a yellow tinge was
formed on each specimen in the atmosphere of
hydrogen sulphide and ammonia. The scale given in
the acetylene containing atmosphere was unex-
plosive and identified as copper sulphide.

Consequently, it seemed that the copper acetylide
is not formed on the surface of copper and ifs
alloys when exposed to the atmosphere of acetylene
and equivalent hydrogen sulphide.

2.5.4 Result of series 4

Every corrosion products in series 4 were unex-
plosive and confirmed as copper sulphide by X-ray
analysis. The corrosion loss in the test was. con-
siderably less than that in series 3. This was thought
to be the result of the absence of ammonia in the
atmosphere.

From these four series of test, it was concluded
that the copper acetylide is not formed on copper
and its alloys when exposed to the acetylene atmo-
sphere containing sufficient sulphide.

3. Discussion

In the calculation of the equilibrium constant for
the formation of cuprous acetylide readily oktained
from cuprous solution, it was assumed that the
precipitation of cuprous acetylide occurred according
to the following reaction.

2CH++C2H2:CU2C2+2H+ (1)
Equilibrium constant K; of equation (1) was given
by the standard formation energies of reactants and
products, assuming that AG°c,H,(aq) and AG°cu.c, are
nearly equal to AG°c,u, e and AH cy,c, respectively.

K1=1.3x1025%

where, logK,— —Wlf)gmc;%mcﬁmmm

—2AG Cur(aqy—AG CoHa ()
AG°cu,c,=39.8 kecal/mol, AG°cutag)=12.0kcal/ mol
AG°c,H,»=>50.0 kcal/mol
Following equilibrium equations are important
concerning cuprous solutions used for the experi-
ment.

Cu*+NHz@qp=Cu(NH3)*, Kg=1.5x108 (2
Cut*+2NHgap=Cu(NH3)$ , Kg=7.4Xx1010  (3)
Cu*+Cl-=Cu(l, K4=3.1x1086 4)
2Cut+52-= CusS, K5=8.3X1048 5
K: is extraordinarily more than K, Kz and Ky,
therefore it is natural that cuprous acetylide is
formed from the cuprous salt solution. This is
obvious from the equilibrium constants of the
following reactions.
2Cu (NH3) ++CoHo =CusCq +2NHj aq)+ 2H*,
Kg=8x1012 (6)
ZCU(NH3)Z+C2H2:CU2C2 +4NH3(aq)+2H+,
Kr=3x103 (7
2CuCl+CyHy =CuyCy +2C1- 4 2H*,
Kg=1x10383 (8)
It was reasonably explained by the comparison of
K, and Ky or from the next equation that cuprous
acetylide will never given from the solution con-
taining sufficient sulphide ion.
CugCs+52- 4 2H*=CusS+CoHy, Ko=5x1028 (9)
The chemical prorerties of cupric acetylide were
not so plain as those of cuprous acetylide, and the
further experiment seemed necessary to determine
the formation constant of cupric acetylide.

4. Conclusion

1) Cuprous acetylide can easily be formed from
the cuprous solution whose pH is about 1 to 12.

2) Cupric acetylide can be formed from the solu-
tion whose pH is about 6 to 13, if the prolonged
passage of acetylene is allowed.

3) The heat of combustion is 2000 cal/g for cup-
rous acetylide, 3000 cal/g for cupric acetylide. The
standard energy of formation of each acetylide
was estimated with this value. '

4) No copper acetylide can be formed in the
presence of sulphide ion not only from both cuprous
and cupric solutions but also on the surface of
copper and its alloys.

5) Acetylide formation on the surface of metals
containing copper is not-determined by the copper
content, but by their corrosion behavior in the
atmosphere surrounded.
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Residual Stress Relief in Butt Welded 5083 Aluminum

Alloy by Local Heating
—Studies on Residual Stress in Welded Joints of Aluminum Alloys (2nd Report)—

by Katsuzi Takeuchi, Eiji Tanaka and Katsuhiko Hirata

This paper describes local stress relief heat treatment for butt-joints of 5083-O plates.
The following results were obtained by experiments.

(1) In order to relieve the residual stress at a butt-joint, the region of the maximum
stress had to be heated at least above 150°C. For relaxing it to above half a degree of
as-welded state, the heating had to be above 250°C and for virtually relieving it, the

heating above 350°C was needed.

(2) Among three heating methods in these experiments the best results were obtained

by the heating method of reciprocation.

The results of one or two-point heating method
were inferior to those of the above method.

(8) The degree of stress relief in annealing tended to be similar to the reduction in
high temperature tensile strength of the base metal rather than its yield strength.
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Table 2 MIG welding conditions
Material Edge preparation Pass No. Filler alloy Dia. of filler, Voltage, Current, Welding speed,
mm )\ A mm/min
5083‘33{%‘“’“ I type 2 5356 2.4 22-25 370~410 600
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(a) Cne-point heating

(b) Two-point heating

(c) Reciprocate heating

Fig. 1 Details of local heating methods
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“Ghost Defect” in Radiographs of Aluminum Alloy Welds*

by Eiichi Hirosawa**, Masahisa Naoe*** and Toshiyasu Fukui**

Abstract

A study has been made on linear “ghost defects” which are frequently observed in
radiographs of aluminum-zinc-magnesium alloy plates welded with aluminum-magnesium
filler metals and appear to be linear defects such as “lack of fusion” or “undercuts”. The
cause is neither due to particular grain structure nor segregation of alloying elements,
but due to interaction of two factors concerning X-ray absorption. One is the compositional
difference between weld metal (magnesium-rich) and parent metal (zinc-rich), and another

is the geometrical form and size of reinforcement of the weld beads.
Ghost defects are observed in both ends of lapped penetrations only under a critical

condition that the compositional effect exceeds the size effect of reinforcement.

The

condition is theoretically -formulated as follows :

Up >1+(tan0)
Mw tan 0y/ x=21

where the term at the left side is the ratio of X-ray absorption coefficient of parent
metal p, to that of weld metal p,, and the second term in the right hand side is the
ratio of gradient of reinforcement 6 to that of penetration of fused zone @, at the position

x, of the ghost defect.

1. Introduction

In recent years, several investigations have been
reported on ghost defects observed in radiographs
of aluminum alloy welds. W. D. Rummel et al.»
and M. S. Tucker et al.®) reported linear dark
markings similar to lack of fusion in a radiograph
of 2014 aluminum alloy welds, and indicated that
these linear markings are caused by the X-ray
diffraction effect from particular dendritic grain
structures in the weld metals. Rabkin et al.®) also
reported dark bands in radiographs of Al-Mg alloy
welds, which correspond to the regions with in-
creased magnesium contents. Issiki et al.¥ discussed
the occurrence of macro-structure in a radiograph
of aluminum alloy castings and its mechanism in

detail. Furthermore, Irie et al.®) showed the ghost
defects due to grain-structure in stainless steel
welds.

All ghost defects reported up to now are due to
either macro-grain-structure or segregation of
alloying elements. In radiographs of Al-Zn-Mg
alloy plates welded with Al-Mg filler metals,
however, another type of ghost defect was observed,
which are assoctated with neither particular grain
structures nor segregation of constituents. They

appear in radiographs as linear dark markings
quite similar to lack of fusion, but have no influence
on mechanical properties of the welds.

The purpose of this study is to clarify the cause
and conditions of occurrence of the ghost defects
in radiographs of Al-Zn-Mg alloy welds.

Photo. 1 Typical ghost defects in a radiograph of Al-dwt%Zn-2wt%Mg alloy weld made with

Al-5wt%Mg filler metal.

* This paper was originally published in Material Evaluation, 29 (1971), 99

**  Research Department

**  Research Department, (now, Aluminum Shape and Tube Making Department)
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2. General characteristics
of ghost defects

2.1 Radiography and metallography

Photo. 1 shows the typical radiograph of ghost
defects in Al-Zn-Mg alloy welds made with Al-Mg
filler metal. They usually appear as two parallel
‘dark lines along the weld beads, similar to lack of
fusion or undercuts. _

At first, to clarify the nature of the ghost defects,
macro-and micro-structures of the cross sections in
welds were examined. It could be seen from Photo.
2 that the ghost defects coincide precisely with the
locations of both edges of penetration width, where
the surface and back surface bead lap one another.
This result is schematically illustrated in Fig. 1.
However, any known welding defects such as weld-
crack, lack of fusion, undercut etc., and also
particular dendritic grain structures were not
observed in the region under consideration, as
shown in Photo. 2.

As shown in Fig. 2, it is confirmed by electron
probe microanalyser that the macro-segregation of

Macro-structure

Micro-structure. (X 100)

Photo. 2 Macro-and micro-structures of Al-4wt
%Zn-2wt%Mg alloy weld made with
Al-5wt%Mg filler metal.

magnesinm or zinc does not exist in the region
under condiseration. In fact, micro-segregations are
observed in the weld metal, but they cannot be the
cause of ghost defects.

Micro-segregation distributes through the whole
region of fusion zone, while ghost defects con-
centrate at both edges of the penetration width.
Furthermore, the micro-segregation readily vanishes
with homogenization heat treatment as shown in

Cross-section of weld Radiograph

Fig. 1 Schematic ghost defects in radiograph of welds.
Linear markings in radiographs correspond to
ghost defect under consideration

{Al As welded

- Weld metal 4-—'——# Base metal

i Zn

Zn Ka ond Mg Ka X-ray intensity

(B) Homogenized at 450°C for 24h

T

+ Weld metal,<—+'—> Base metal E

Zn Ka and Mg Ka X-ray intensity

! L ! 1 ! |

Fig. 2 Distributions of Zn and Mg near fusion zone in
Al-4wt%Zn-2wt%Mg alloy weld made with
Al-5wt%Mg filler metal (EPMA)
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Fig. 2, but the ghost defects still remain as they
were before the heat treatment. :

Thus it is clear that the ghost defects in Al-Zn-
Mg alloy welds are neither due to segregation nor
particular dendritic structures.

2.2 Chemical and geometrical factors of
fused zone

From the observation of a number of radiographs
of Al-Zn-Mg alloy welds, it was found that Al-Zn-
Mg alloy plates welded with Al-Mg filler metal
exhibited the clear ghost defects, but welds made
with parent metal filler had not revealed ghost
defects. When a Al-Mg plate and a Al-Zn-Mg alloy
plate are welded with Al-Mg filler metal, only one
linear dark line appears in the side of the Al-Zn-Mg

Read-on

a).

AlZnMg (upper) - AlZnMg (lower)

alloy plate. In addition, welds with relatively
high reinforcement do not always exhibit the ghost
defect.

It was also found that the ghost defects disap-
peared by the removal of the reinforcement of the
weld bead, as shown in Photo. 3. These facts
suggest that both chemical compositions of the filler
metal and geometry of the weld metal are concerned
with the occurrence of ghost defects.

In order to clarify more in detail the conditions
for the occurrence of the ghost defects, several
factors concerning the fusion zone, such as com-
positions of the filler metals, height or shape of
reinforcement of weld bead, type of groove and
other factors were studied. The effect of these
factors are summarized in Table 1. It is ‘indicated

Bead-off

E%%ﬁ{ §
e
e
e
G

b). AlZnMg (upper) - AlMg (lower)

Photo. 3 Effect of reinforcement on ghost defects in radiographs of

welds made with Al-bwt%

Mg filler metal in combination of parent metals of AlZnMg - AlZnMg and AlZnMg -

AlMg alloys.

Table 1 Effects of various factors on the degree of clearness of linear ghost defects
observed in radiographs of aluminum alloy welds.*

A) Constitutional effect

Filler metals
Combinations of parent metal - Remarks
. Al-5%Mg | ArayMgouzn | Al4%Zn-20Me
Al-69Zn-19%Mg—Al-69Zn-19;Mg A l B D
X type
Al-49Zn-29Mg—Al-49%Zn-2%Mg B C D
Both side welding
Al-49Zn-29%Mg—Al-4.5% Mg B** C** D With reinforcement
Al-4.5%Mg—Al-4.5%Mg D D D
B) Geometrical effect
Joint c}iesigns and welding Height of reinforcement Remarks
procedures 4mm \ 2~3mm Bead-off
X type (both side) C \ A D
) Parent metal : Al-6%Zn-1%Mg
I type (both side) D B D
Filler wire : Al-5%Mg
V type (one side) D ‘ D D

* Grade A : Observed very clearly, C: Obsreved dimly
B : Observed clearly, D : Not observed

*# Observed one linear ghost defect at the side of Al-Zn-Mg alloy

3
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that the combination of the parent metal containing
the high content of zinc and the filler metal con-
taining the high content of magnesium produces
sharp image of ghost defects under the condition
of moderate height of the reinforcement. The welds
with extraordinarily high or no reinforcement do
not show the ghost defects, that is, occurrence of
them requires suitable height of the reinforcement.

As for the type of grooves, the welds made with
double Vee groove (X-type) exhibit the -usual two
parallel dark lines as the ghost defects, while the
welds made with single Vee groove (V-type) welded
from one side exhibit a blurred dark band in the
center region of the bead. The welds with square
groove (I:type) reveal slightly blurred ghost defects.
In this case, chemical composition of weld metal is
close to that of parent metal because of . the high
ratio of dilution.

3. Analysis of ghost defect

There are two factors affecting the transmitted
X-ray intensity in welds, one is the 'constitutional
factor F. resulting from compositional difference
between weld and parent metals, and the other is
shape or size factor F; resulting from the geometory
of reinforcement and penetration of welds.

At first, if only the constitutional effect is con-

al Fe

r
1

I

|

1

I
L

c)lFe+Fs

Cross-section of weld

sidered, the transmitted X-ray intensity of the flat
weld with different compositions between filler
and parent metal has a profile as in Fig.. 3-a,
assuming that parent metal is rich in zinc (with a
high absorption coefficient) and the weld metal is
rich in magnesium (with a low absorption coefficient).
Next, the size effect of reinforcement is shown in
Fig. 3-b. Results of combination of these two effects
are shown in Fig. 3-c.

Three cases are considered depending on the
degree of each effect. The ghost defects appear
only for the cases that the constitutional effect
exceeds the size effect, namely

Fi>F; o))

Generally the transmitted intensity I of an X-ray
passing through the substance with absorption
coefficient u and thickness d.is given by

I=Iy-e7%4, 2
where I, is incident X-ray intensity. As shown in
Fig. 4, logarithm of film dentity D has linear
relationship with plate thickness 4, and we obtain
following equation;
D=k I gretd
=k L (3

Since film density D is proportional to transmitted
X-ray intensity [, it is sufficient to calculate the
value of absorption factor pd in welds and the

1 T ! t

\  /

[ 1 ! | 1

} [ T T
Fc>Fs

Fc=Fs

" r\
Fe<Fs

[ | 1 L

Transmitted X-ray intensity

Fig. 3 Schematic representation of the effects of constitutional and size factors on the

transmitted X-ray intensity of welds
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neigbouring material in order to analyze the cause
of ghost defects.

In Fig. 5, the origin of the co-ordinates is taken
at the center of weld bead, and x; is assumed to be
half of the width lapped in two penetrations from

10 T T T T T T T
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- i
2+ \I\I -
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Fig. 4 Relationship between plate thickness and film
density in radiograph of Al-Zn-Mg alloy

O

hp

|
0 X X X2
Fig. 5 Co-ordinates of cross-section in weld

both side welds.

For the range of 0<<x<(x1, we have

pd=puw-h(x), 4)

where ji, is an absorption coefficient of weld
metal, and A(x) is height of weld metal. In this
range, absorption factor pd changes with the height
of the reinforcement and is a monotonously de-
creasing function of x. That is, film density has the
lowest value at the center of the bead and increases
with distance from the bead center.

For the range x1<x<Xg

pd= = {n(x) —hy ()} + phpeBp (XD, ©)

where &, is the height of the parent metal near
the fused zone. Since {h(x)—h,(x)} is a decreasing
function and %, (x) is an increasing function, there
are three cases regarding the behaviour of pd with
«, that is, increasing function, decreasing function
or neither. Only in the first case, a minimum value
of ud is realized at the position xi. This means
the existence of maximum film density, that is,
the formation of the ghost defect. = Therefore, the
condition for appearance of the ghost defect is
given by

d
W(“d> x=x1+ >0 (6>

Substituting eq. (5) into eq. (6), we obtain
o (1) _ANCL 0Ty

dx dx
namely,
dhy(x)  dh(x)
Up dax ax D
Haw >< dhy (%)

dx x=x1+

Taking 6 and 6, in Fig. 5 as the angle of inclination
of the reinforcement and that of penetration,
respectively, eq. (7) is reduced to

o tan ¢ (8
Mw >1+ ( tan 01; )x=x1+ ( )

If #(x) and h,(x) can be regarded as linear

expressions, eq. (8) may be reduced as follows;

Ko h(x1)

by’ @

where h(x1) and Ay (x2) correspond to the half

thickness of welds at the position of the ghost
defect and that of the parent plate, respectively.
ps! pw TEPrEsents constitutional factor F, and {1+
(tan@/tanfy)} or h(x1) | hp(xe) represents size factor
F.. Therefore, eqg. (8) or (9 is identical with eq.
1.

Shaded area in Fig. 6 shows the range where eq.
(8) is satisfied, that is, ghost defects are formed.
The left end of the range (tan 6=0) corresponds
to the flat welds (without reinforcement), while the
boundary on the right (Fe=Fs) gives the critical
angles of inclination of reinforcement and penetration
corresponding to the visible limit of the ghost
defect. Therefore, in the middle of the two boundary
lines, there should exist the optimum condition
under which the ghost defect will be observed most
clearly. The condition is supposed to be realized
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Fig. 6 Conditions for appearing of ghost defects in
radiographs of welds

when the gradient of film density at the ghbst
defect is equal for both sides, that is,

d _| d
ax BD x:x,,_—’w—ww a0
Substituting eq. (4) and (5) into eq. (10), we get

x=x14+

dh(x dh(x) dhy(x dhy(x
e e Sy Bl
dhp(x)_Z_ dh(x)
Hp dx dx
Bw dhy(x)
dx
tan 0
:HZ( tan6, )x:xl (D

The broken line in the center of the hatched area
in Fig. 6 represents the eq. (11).

An example of calculation is made for two pass
MIG welds with double Vee grooves made with
Al-5wt9;Mg (5356) filler metal in Al-6wt9,Zn-1wte,
Mg alloy plate of 6 mm thickness. The angle of
inclination of the reinforcement giving maximum

visibility to the ghost defects and the critical angle

giving the visible limit of ghost defect are evaluated
as follows:

First of all, the absorption coefficients of weld
metal p, and that of parent metal u, must be ob-
tained. The absorption coefficient dependson the
chemical composition of substance and the wave
length of X-rays. The composition of the weld
metal is a mixture of Al-6wt2Zn-1wt%Mg alloy
plate and Al-5wt9;Mg filler metal, and is supposed

to be Al-4wtosMg-2wt9%Zn roughly, assuming the
dilution of parent metal is 30 percent because of the
double Vee groove.

As absorption coefficients vary with the wave
length of X rays, the values are obtained from the
supplemental experiment. The absorption coefficient
of parent and weld metals are ju,=1.6 cm~1 and
#»=11 cm-1, respectively, for X-rays of 60kV.

The angle of inclination of the reinforcement for
maximum visibility of the ghost defect is evaluated
from eq. (11) as follows:

ks ).
tan o= ?T(T 1) tan 6, 12)

w
Assuming 6,=45° because the angle of inclination
of penetration is generally 40 to 50° in both-side, two
pass welding, we obtain
0=12°48
Similarly, the critical angle for visible limit of
ghost defects is obtained from eq. (8):

tang— (%—1) “tano, (13)

Assuming 6,=45°, we obtain

0=24°27
Therefore, the ghost defects in Al-6wt9Zn-1wto;
Mg alloy plates welded with Al-5wtos Mg filler metal
appear only for the range 0°<0<<24°27’ and show
maximum visibility when 9=12°48".

4. Formation of ghost defect
due to block model of welds

In order to confirm the theory mentioned above,
the formation of ghost defects was investigated by
radiography of block models. These models were
composed of two kinds of wedge pieces representing
the weld metal and parent metal close to the fusion
zone, as shown in Fig. 7.

Compositions of the wedge pieces representing
the weld metal and parent metal were Al-4wt9sMg-
2wt%Zn and Al-6wt%Zn-1wt9; Mg respectively ;
the angle of inclination of penetration was 45°, and

al

Hp:45° gp:45°

Fig. 7 Block models of quasi-welds
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those of reinforcement were 0°, 15°, 30° and 45°.
One of the radiographs of these block models
showed dark lines similar to ghost defects in
radiographs of welds. The ghost defects were
clearly observed as two parallel dark lines for 6=
15°, but were not observed for larger angles of
inclination. The results of measurements of film
density are shown in Fig. 8.

It is apparent from these results that the for-
mation of ghost defects depends upon the interaction
of geometrical and constitutional factors in welds.

5. Discrimination of ghost defects

from real welding defects

From the cause of the formation of the ghost
defects, it is clear that the presence of the ghost
defects does not reduce the mechanical properties
of the welded joints. As shown in Table 2 the Al-
Zn-Mg alloy welds with ghost defects are nearly
as strong as the same alloy welds without ghost
defects, and do not show the large changes in
mechanical properties. The slight difference of
mechanical properties depends upon the composit-
~ ions of weld metal and not upon the ghost defects.

As mentioned above, the ghost defects themselves
are not harmful; nevertheless, it is quite important
to judge whether the linear markings observed in
radiographs are the ghost defects themselves or
whether they contain real welding defects as well as
ghost defects. If the condition of formation of the
ghost defect -expressed in eq. (8) is not satisfied,
the linear markings are real defects. If the condition
is satisfied, it is very difficult to determine whether
they contain real defects or not. In this case, it
is necessary to observe in detail the location and
form of linear dark markings in X-ray radiographs,
because ghost defects appear approximately in the

0.5

0.5

Film density . D

Fig. 8

=15

Cross-section

Film density in radiographs of block models
with Al-Zn-Mg alloy quasi-welds

Table 2 Tensile properties of one and both sides two pass welds made with

Al-5wt%Mg filler metal in Al-4wt%Zn-2wt%Mg alloy.

]i Tensile properties*
: Joint designs and - -
Reinforcement welding procedures Stxr{elglg%h s}:‘r'eélrfélt‘;l Elongation, Ghost defect
kg/mm? kg/mm? %
X-type (both side) 21.3 32.4 13 Observed clearly
Bead-on I-type (both side) 21.6 32.7 12 Observed dimly
Y-type (one side) 21.0 31.8 13 Not observed
X-type (both side) 20.4 o 81.2 12 Not observed
Bead-off I-type (both side) 20.7 31.4 10 Not observed
Y-type (one side) 20.2 30.9 11 Not observed

* Aged at room temperature for 30 days after welding
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Ghost defect (2 lines)

Ghost defect (1 line)

Incomplete penetration

Weld cracking

Photo. 4 Typical figure of ghost defects, incomplete
penetration and weld cracking in radiographs
of aluminum alloy welds.

middle between the bead center and the bead edge,
while the weld defects such as cracking, lack of
fusion, undercut and others appear as comparatively
sharp lines and in many cases tend to show their
specific form in radiographs. For the purpose of
reference, Photo. 4 shows typical radiographs of
ghost defects, incomplete penetration and weld cra-
cking in aluminum alloy welds.

.In order to further discriminate between ghost

and real defects, an ultrasonic method was explored.
Angle beam testing was carried out with 5MHz
using a Sperry UM721. From these test results, it
was concluded that a fault- echo was observed
eminating from a lack of fusion condition while no
echo was obtained from ghost defects.

6. Conclusions

Linear ghost defects frequently appear in radi-
ographs of Al-Zn-Mg alloy plates welded with Al-
Mg filler metals. They are observed clearly when

' the geometrical and the compositional factors of

the weld beads are in a certain critical condition,
that is, the effect of the compositional difference
between parent and weld metals exceeds the size
effect of reinforcemet of the weld beads.

The phenomenon is not confined to the Al-Zn-
Mg alloy welds but always happens under a usual
shape of the reinforcement when filler metals with
a smaller absorption coefficient than that of the
parent metals are used. '

The condition for the occurrence of ghost defect
is theoretically obtained as follows;

e —q _|_( tan @ )
Hw tan 6y /x=x1+

The discrimination of ghost defects from real
welding defects such as lack of fusion is possible
by ultrasonic testing.
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Prevention of pitting corrosion of aluminum by
zinc diffusion cladding

Yoshio Baba, Masahisa Naoe and Michiki Hagiwara

A new process called zinc diffusion cladding was developed which shows an effect
similar to that of the conventional sacrificial claddings and it is easily applied to various
aluminum shapes.

The process consists of the following two stages:

(1) A thin zinc film is deposited on aluminum surface from alkaline zincate solutions by
chemical substitution.
(2) Zinc is diffused into base alloy.

Distribution of zinc solute in the cladding; which affects the pitting corrosion, depended
upon the amount of zinc in the deposit as well as time and temperature for diffusion. The
amount of zinc was increased with the rise of solution temperature and the increase of
dipping time. When the temperature for diffusion was lower, the thickness of effective
layer was decreased, which reduced the life of clad. Whereas, when the temperature for
diffusion was higher than the melting point of zinc, the sacrificial protection was also
decreased owing to a smoother gradient of zinc concentration in the diffusion clad.

Therefore, it was concluded that the depth of pitting corrosion was restricted by the
diffusion cladding at 350~400°C for 2~24h in a similar way to that of ‘the conventional

sacrificial claddings.
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Table 1 Conditions of zinc-deposition and diffusion treatment
Specimen Zinc-deposition Zinc diffusion treatment
No. A. Solution temp, °C B. Dipping time, min C. Temperature, °C D. Time, h

1 20 2 300 5

2 7 7 7 24

3 7 7 400 5

4 Ve 7 7 24

5 7 10 300 5

6 » v 7 24

7 v 7 400 5

8 7 7 7 24

9 50 2 300 5

10 Ve 7 7 24

11 7 7 400 5

12 7 ) ” 7 24

13 v 10 300 . 5

14 7 7 7 24

15 7 7 400 5

16 7 7 7 24

Table 2 Conditions of zinc-deposition and diffusion treatment
Specimen Zinc deposition* Zinc diffusion treatment Specimen Zinc deposition* Zinc diffusion treatment
e o oBinE | Aytueng | B Timen e G | Muarerte | B Time

1 2 300 ) 2 17 2 400 2
2 7 7 5 18 7z 7 5
3 7 7 15 19 7 7 15
4 s 7 24 20 7 7 24
5 10 7 2 21 10 Vi 2
6 7 7 5 22 7 7 5
7 s 7 15 23 Y 7 15
8 7 Vs 24 24 s 7 24
9 2 350 2 25 2 500 2
10 7 7 5 26 Vs 7 5
1 ” 7 15 27 7 7 15
12 7 7 24 28 Vi 7 24
13 10 7 2 29 10 z 2
14 V 7 5 30 ” ‘ 7 5
15 7 7 15 31 7 7 15
16 s 7 24 32 7 Ve 24

*Solution temperature is 20°C

A OBEIHEY — Xk e L, TORICES A v XL
7R HONCEAE A M L 7o, BIALEE 10% NaOH 50°CX
30sec, ke, 109%HNO; =5 X 3sec &, kiEx1Trs
7%

HEER A v ¥ MBS & F OB OBLEE S HEER DI
CREDHEEEL D EELBNDDT, v v X 0H
WDEE% 20°C250°C, BB RRF LRET DR
Ri% 2 2r 2104, ZOBOBLEIRE 300, 350, 400%
L 1'500°C, BMABEREMNA 2, 5, 153 X U4 & L,
Table 1 iz 7731654+ & Table 2 [C/R$32OME
BT DONWTHER U, fods, A v FAEK L1 T,
A v XHDHNIEEA v X EOTHMLE L U COENE
BB AW SN DY — £ LBLERORAKER
G, ¥E% (ZnO 60g/1+NaOH 450g/1) & 17z,

Table 1 iCk L7168 OREHC DT, FHOIEARIT
AESSERLIOXBYA 7T F I A F T L VRSB
Lr i, 40°CoTERKF1 7 FHRELTC, &
BARRABE LU, —F, Table2 TR L -32BDFEHT
DT, EELUTEERNATRETH L &L, K

2

B2 ATATEIRATE (0.25g/ICuCly-2H,0) sz Bk L,
40+2°C T 1 7 AR L, Yy T OFRERNEEILE
L7z,

3. RERFER

31 BRI
AR ORMED LB~ OERDOBRE N X~ A 7

Table 3 Analysis of variance for thickness of diffusion.

layer of specimens shown in Table 1

Factors S ¢ | V Fo Pure effect c ontﬁﬁj& ooxf, %
A 4523| 1| 4523| 58 ** 4445 15.56
B 18710 1| 1871 24 ** 1793 6.28
(& 11045 1 | 11045 142 ** 10967 38.39
D 7014 1| 7014] 90 ** 6936 24.28
AxB 638 1 638/ 8.18* 560 1.96
AxC 473 1 473 6.06* 395 1.38
BxC 518 1 518 6.64% 440 1.54
BxD 315 1 315 4.02 237 0.83
CxD 1702 1| 1702 22 ** 1624 5.69
e 465 6 78 1167 4.09

*Denotes significance at 5% level
**Denotes significance at 1% level
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A B. C D.
Solution DiPPing Heating Heating (CXD)
120 tem.p time temp time D
100
¥
g
8 80
o
o
%
o % T D,
&
s
£
40 T
20 A120°C B.: 2min. C.1300°C "D Sk
A,150°C B 10min C,:400°C D,: 24h
O 1 2 L i i 1 L A e i
A A, B, B C; C. D, D.. G C,
Fig. 1 Average of histogram and standard deviation of factors shown in Table 3 as significance
for thickness of diffusion layer in specimens
4.0
20°CX2min dipped 50°C %X 2min dipped
300°C X 5h diffusion-treated - B0OC X 5h diffusion-treated
3.0
N
S 20
£
o
f =
o]
(V)
o
N
1.0
0
0 20 40 60 0 20 40 60 80

distance from surface, u

Fig. 2 Effect of solution temperature on diffusion of zinc in 99.5 % Al specimens
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zn content, wt %

zn content, wi %

2.5
50°CX2min dipped 50°CX10min dipped
400°CX 5h diffusion-freated 400°CX 5h diffusion-treated
2.0
1.5
1.0
0.5
0
0 20 40 60 80 0 20 40 60 80 100
distance from surface, 4
Fig. 3 Effect of dipping time on diffusion of zinc in 995 % Al specimens
5.0
-20°CX10min dipped 20°CX10min dipped
300°C X 5h diffusion-treated 400°C X 5h diffusion-treated
4.0
3.0 -
2.0
1.0
0

0 20 40 60 0 20 40 60 80
distance from surface,

Fig. 4 Effect of heating temperature on diffusion of zinc in 99.5 % Al specimens
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zn content, wt %

zn content, wt %

4.0
50°CX2min dipped 50°CX2min dipped
300°CX 5h diffusion-treated 300°CX24h diffusion-treated
3.0
2.0
1.0
0
0 20 40 60 0 20 40 60 : 80
‘ distance from surface, #
Fig. 5 Effect of heating-time on diffusion of zinc in 995 % Al specimens
207
20°CX10min dipped
500°CX 5h diffusion-treated
1.5
1.0
0.5
0

0 20 40 60 80 100 120 140 160
distance from surface, ©

Fig. 6 Effect of heating temperature on diffusion of zinc in 99.5 % Al specimen
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—REC R\ CTIEMATERI O BV IE SR BUTET 5 0
5, BEOEWL DI EEROBPEENETL, BESR
EAp B D, WEBENREL nbbid T, Fig.bic
ZORIMARTY, REOCEZEOHNRMOPEL Y HEE
CERD HIvh,

Table 2 DAL TUIR LcHABCOWTL, ~A4 7R
T F T AN L HIEAEENEITERE LS, BVLIRIR
E500°C @ & DiE, FEOTEANER T A0, HEIRI
CENRDEL D Z EMNBEINLDT, ZDHDITDINT
=, SR LUERo—fl% Fig. 6 kixd, Fig.4 &g
T5E, ORERTNTCHRUEETE, REVRERS
Wiz, IRBOETHAEL, HEREOERWENET
L, BEABRNAEHD TPHLn o TnD,

HEEOWE OB BB BT DL, Photo.1 ©
FORFEFAERT I &L, HLOWBEBEIIARCED b
n, FOERI<A 707 F 74 - CHieLUIzfEE X<
—BT 5 ENFEETE 1,

Photo. 1 Photomicographs of cross-sections of specimens zinc diffusion-treated at each
temperature for 5 or 24 h after dipping for 10 min in alkaline zincate solution
at 20°C

left: -~ 300°C
center: 400°C
right: 500°C

32 BERR

3-241 ITZEAXKREEERE

Table 1 &M CUHE L 7o &5 B 440°Co T HK BT
17 AEERL TEFOBLRBE LS, WIhoHEE D
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i, KOBAMENDE VEL oD, FEEED
HRBEOBWESOLNR—FLBEINALLDEELD

upper: 5h
lower: 24h

Nae
ERBOEEC L 2EEBREZRD, T IIETHA
RS DEEL SBSFTIC L VRO B &, Tabled DZ
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HRERE, BENELROCCELUHEEOEENREE TS
B, BLEHEMOEEIRD bhvitv, Fig.7kmRte
AL 7T s OEHE L BEREND, REROPELHER



Vol. 12 No. 3

HRSATARUNE IR X B 7 v 2 = 7 A A AR

(145)
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Table 2 i7x U 7= 3288 O MR I B 0k 2 40°C o 4L
SRR 1 7 AMBE L, RERITA B L cRE,
WTNORE b 2EEETEL, EAHNTNDL, L
TR 2 H3300°C s I 08 500°C D4~ Tk & 350°C o—
HORBCIZEZE L WHAER FE L L TWB, 300°C BIT
500°C cEMLE U 7B EHC I3\ CIEERER A v F ALY,

Table 4 Analysis of variance for weight loss of specimens
shown in Table 1 corroded in industrial water

Factors | S || V Fo Pure effect conlt?iilz:igt?ofn, %

A 11130 1| 11130 107 ** 11026 34.92

B 9025 1| 9025 87 ** 8921 28.25

C 7569 1| 7569 73 ** 7465 23.64

D 324 1 324| 3.12 220 0.70
AXB 625 1 625 6.00* 521 1.65
AxC 400 1 4000 3.85 296 0.94
AxD 1225 1| 1225 11.8 * 1121 3.55
CxD 552 1 552! 5.30 448 1.42

e 726 7 104 1558 4.93

*Denotes significance at 5% level
*Denotes significance at 1% level

BYLERFH OEEIIT & A EH B RWAS, 350°C CEML
HLIbDIEBWTIE A v FUEEM 2 5204 OTIE, 24
HABUHE L2 00RLARE L TR BT, BEISOD
LOTRCEHEBEDATH D, RENLRBEHOREIR
AR & Photo. 2 w7343, HoigEE & LT o JIS1050-0

MCir A&l anibh, LENAOEII&RE XD

140
A. B. C.
Solution Dipping Heating
120 .
temp time temp
100
80
s
o
)
2 40
g
40
=
R
[0}
® 20 Ar120°C Bi: 2min Ci:1300°C
A: 1 50°C B, : 10min C, 1 400°C
0
A A2 B B2 O C2
Fig. 7 Average of histogram and standard deviation

of factors shown in Table 4 as significance for
weight loss of specimens corroded in industrial
water

C

D

Photo. 2 Surface appearances of specimens corroded in 0.25 g/t CuCl,-2H,0 solu’gion for a month

A : 99.5% Al specimen

B : 300°Cx5h zinc diffusion-treated after dipping in alkaline zincate solution for 10 min at 20°C

C:
D:

7

400°Cx5h zinc diffusion-treated after dipping in alkaline zincate solution for 10 min at 20°C
500°Cx5h zinc diffusion-treated after dipping in alkaline zincate solution for 10 min at 20°C
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350°CaLEEM CHEAEDE T TWH L DL, F&A0.3mm,

350°Css J 0400°CHVLEE D & ERE &+ T1F, HA0.07mm,

500°CEMLEE R TIERA02MMIZEL T b, ZHHDR

KEBEFEICE JNETERLBERGOZEY HBHIC LD
Kbl % Table 5 iRd, BUIMEEDOZEIX LD
TKREL, FERNO0WHHL, 13NL, BMLIRE L #
v ¥ IUERRERE, BB OEE L0 2 DOXEIER DR
BLBETERWE D TED, INBHEERCOWTCOLE
AV 77 s OFHE & EEFEIFig8D I LT, 350°C

Table 5 Analysis of variance for maximum pit depth
of specimens shown in Table 2 corroded in 0.25
g/1 CuCl,-2H,0 solution

BULIE D —F £ 400°C BLE DTN TIH W TRATRI M
EbOTEL RoTWBDAbMND,

RFFB OB AW OWFmEME AL Photo, 3 k¥
23, 300°C H#MBIT RN THAEXE T WD DK, HEiik
BENTANTEAR L VEEINTLEY,, T0ROEE
MBILE ol b0 EHRXN D, 350°Cs JOF 400°C 2k
B CIIKBBA TR A EIThThH D, 500°CH
B TR RIIEBENTCAELCWDA, BREE LTk
LA & — I BEE N RIR AT bivd, MR ENE
X 72~ JIS1050-OR e B\ T A X 130.0mmic 22
LT\whb,

BRI, 400°C CEMUE Lo b D3R 4 v ¥
WHEEDIMTE 200 BT, WINbEEEELED
T, BAME L B, BWHLEOETERIET 5F

Maximum pit depth, mm

BE LT, Alclad Micl#T 23R APRETEDHZ LM
Factors S | ¢ V. Fo Pure effect conl%?h;?xt(i)(fm, % Eﬂ l:)fl" Elro 7'20
A |2304.6] 3| 768.2] 63 ** 2292.4 68.60
B 95.6] 3| 31.9 2.61 83.4 2.49 4 B
c 36.1 1| 36.1 2.96 23.9 0.71
AxB |328.5 9| 8.5 2.9 316.3 9.46 Al-ZnA &SRB EERITERSEBEE & & LAY
AxC |876.1] 3|'125.4] 10.28* 363.9 10.89 . . e
- ey =N C
BxC | 90.6| 3| 30.2 2.8 8.4 2.34 %75, BEAFORARESHEREL L BITHELCRES
e 10 | 9| 12.2 183.2 5.51 I he AFEBRITAN99.5%AlE N~ 2 L LTz Al-Zn—7¢
*Denotes significance at 1% level LT ONWT, BEEASEPCRITARERTAYFAEL 2
0.4
A AXC AXB
Heating temp C. Dipping time B. Heating time
A1 300°C W Cit 2min- B,: 2h
Az 350°C C, : 10min B,: 5h
Ast 400°C T B,:15h
A4l 500°C B B.: 24h
03
02
01
1
0 . R . N N . N . " :
A Az Ag Al A A As A, A, A As A,

Fig. 8 Average of histogram and standard deviation of factors shown in Table 5 as significance for maximum
pit depth of specimens corroded in 0.25 g/l CuCl,-2H,0 solution

8
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Photo. 3 Photomicrographs of cross-sections of specimens

A 995% Al specimen

B : 300°Cx5h zinc diffusion-treated after
C : 400°C x5h zinc diffusion-treated after
D : 500°C xbh zinc diffusion-treated after

Photo. 4 Surface appearance of Al-Zn binary alloy
specimens corroded in 0.25 g/1 Cuc,-2H,0
solution for a month

B: Al-1 wt % Zn alloy
D: Al-3 wt % Zn alloy
F : Al-5 wt % Zn alloy

C: Al-2 wt % Zn alloy
E : Al-4 wt % Zn alloy

D
corroded in 0.25 g/1 CuCl,-2H,0O solution for a month

dipping in alkaline zincate solution for 10 min at 20°C
dipping in alkaline zincate solution for 10 min at 20°C
dipping in alkaline zincate solution for 10 min at 20°C
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Fig. 11 Zinc concentration gradient of 1100 alloy pipe
zinc diffusion-treated for 5 h at 400°C
Pipe size : 26¢p X3t
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Photo. 5 Photomicrograph of cross-section of 1100
alloy-pipe drawn from size of 25¢ X3t to 8¢ X
1t after zinc-diffusion treatment of 400°Cx5h
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Fig. 12 Zinc concentration gradient of 1100 alloy pipe
drawn from size of 25¢ X3 t to 8¢ x 1t after zinc
diffusion-treatment of 400°Cx5h
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Effects of Aging and Structure on Notch
Toughness of Al-Zn-Mg Alloy Welds

Shiro Terai, Yoshihiko Sugiyama and Toshiyasu Fukui -

In this paper, the notch toughness and fracture characteristics of Al-4%Zn-29;Mg alloy
welds made with filler metals of Al-59;Mg, Al-49%Mg-29%Zn and Al-49;Zn-29;Mg alloys
are investigated.

The notch toughness was evaluated by the ratio of notched tensile and unnotched
tensile strengths and the Charpy impact values.

The notch toughness of base metals by tensile tests was as follows, according to
treatments of specimens: T6>T7>T4. Whereas, the reverse tendency was observed in
Charpy impact tests. In any case, however, notch toughness was remarkably influenced
by tempering conditions and also decreased with the drop of testing temperature.

The notch toughness of welds by both of tensile and Charpy impact tests was as follows,
according to filler metals: Al-59Mg>Al-49%Mg-2%7Zn>>Al-4%7Zn-2%Mg. In addition, the
toughness was decreased with the aging after welding. The above tendencies were more
remarkable in Charpy impact tests than in tensile tests. The Charpy impact values of
welds were hyperbolically decreased with the increase of hardness, and they tended to
approach approximately constant values in the lower limit. .

The notch toughness of welds was considerably improved by decreasing the heat input
per one pass and increasing the number of passes. The reason of the above behavior would
be due to the refining of dendrite cells and distribution of eutectic compounds following
the “mass transport theory”, and the dissolution of the compounds into the matrix by the
subsequent weld heat cycles.

It was considered that the notch toughness and fracture characteristics of welds
macroscopically depended upon the mutual relation between strength and ductility. However,
they would also microscopically depend upon the state of precipitates and distribution of
dendrite cells and eutectic compounds.
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PEM T IE B & LT Al-4%Zn-29%Mg D 8 3 L 112
mm FOWk &M, L LT Al-59%Mg, Al-4%
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2. HEME JURRTE £ xRN, CRBIERNTI b TS S e b o
2-1 HEH Th5H, EEM DL % Tablel i LT,
Table 1 Chemical compositions of base and filler metals
Chemical compositions, %
Materials R
Zn | Mg | Mn | oz } o | mi Cu Fe si
Base metal 3.98 | 1.98 | 0.29 \ 0.16 0.01 0.01 0.02 0.14 0.05
Al-5%Mg 0.01 { 5.03 \ 0.10 L — 0.11 0.10 0.01 0.12 0.05
Fill :
e Al-49%Mg-294Zn \ 1.98 ‘ 4.01 | 0.22 \ 0.18 ’ 0.01 ‘ 0.01 0.01 0.13 0.07
metals :
Al-494Zn-2%Mg ‘ 4.04 \ 202 | 0.8 0.8 ‘ 0.01 \ 0.01 0.01 0.13 0.06

Tempering conditions of base metal
T4 : 465°Cx 1h Air-cooling—>R. T.x30days
T7 : 465°Cx 1h Air-cooling—>170°Cx10h

C BHOFEERTA TR L0 T7AED 3BHETH DN,
AREBRTIZZOABELEG L L TOEDLOEFMA L,

T4 : 465°C X 1 hze#-—>30 B s Z)

T6: 465°Cx 1 hzer—>120°Cx 24h

T7: 465°Cx1hZ2#—>170°Cx 10h

T6 : 465°Cx 1h Air-cooling—>120°C x24h

H 28 biThols
Fig. 1Lio B bR IERBRA S LUy v v e~
EEFARA O~ ER T

A)

50
2-2 RERFk f- ‘1
SRRIET 4, T 6 3 LT 7 B A M L 7= 85 O BIK 72 B °
GBS IR LUy v v —EEE R e, T4 LB
ZRIED 3 OB & AL TgE48 MIG 2 HEhE#E (300
~320A, 23~25V, 45~50cpm, HE& 1E) 1T,
0~400 B > 5 AR A3 & 08 120°C X 24 h DBEx & & LR
$h % 5 L e BB DWW TR 7 B OV IEER iR L OV
KV~ R A TR, TRENOPRENESR L B °
oo BBREEZR T. (B, —7°C (zF-r7ira
~VEFTATAZADEE) BIU —196°C (HEEHE)
D3R E Ui, BEGORDET X L OLRD5DBES
BEO 2tz PR AT, FOMBEALE, v 7vkk )
O3 7 AR TR & b AT S o 7o 457
ok, BENRIGROL kL LCHEA LB 2 EE © o 0.25R
BETH DN, GREECEIETEELXTOEE LY L BN
B, ORI 1B (370~400A, 24~25V, 25 >
cpm) L4 B (270~300A, 21~23V, 70cpm, Fig. 17 Form and size of test specimens
Table 2 Mechanical properties of Al-4%7Zn-2%Mg alloy base metals
Tensile properties Charpy impact values, kg-m/cm?
Tempering aiigg_g ) Unnotched Notched Ratio, Locations of notch
conditions rature 5, o Ny oy a8’ /Cs Face Side
kg/mm? kg/mm? % kg/mm? Long. | Trans. Long. | Trans.
R. T. 37.6 24.7 18 34.3 0.91 10.3 6.2 5.1 3.7
T4 —~75°C 39.8 25.3 18 35.3 0.89 11.8 7.8 5.0 3.5
—196°C 50.8 31.3 19 39.2 0.77 14.0 8.1 ) 3.4 2.4
R. T. 44.6 39.2 14 44.3 0.99 8.2 2.6 2.1 1.4
T6 —75°C 48.6 42.6 15 47.5 0.98 5.8 2.0 1.9 1.2
—196°C 58.7 49.7 15 53.1 0.90 5.8 1.5 1.7 1.1
R. T. 33.9 25.2 18 33.0 0.97 7.9 4.6 5.5 3.2
T7 —75°C 38.3 28.4 - 18 34.8 0.91 8.4 5.1 5.0 3.0
—196°C 47.7 32.6 20 38.8 0.81 6.5 3.3 2.8 2.0
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Photo. 1 Transmitted electron micro-structures of T4, T6 and T7 treated Al-4%Zn-2%Mg alloy (x20,000<1/2)
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Fig. 2 Effects of aging and testing temperatures on
notched and unnotched tensile strengths and
their ratios of Al-4%Zn-2%Mg alloy welds
made with Al-4%Mg-2%Zn filler metal
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Table 3 Effects of filler metals on tensile properties of Al-4%Zn-29%Mg alloy welds
Tensile properties*
Filler Testing tempe- Unnotched Notched Ratio
metals rature =, . a Py — 03’ /08
kg/mm? kg/mm? % kg/mm?
R.T. 27.5 18.6 6 26.6 0.97
Al-5%Mg —75°C 29.4 19.1 7 27.2 0.93
—196°C 37.2 22.7 5 V 30.2 0.81
R.T. 33.1 22.4 9 o284 0.85
Al-49Mg-20Zn ~75°C 33.8 23.3 10 29.3 0.87
—196°C 39.0 26.6 8 30.3 0.78
R. T. 34.5 28.5 8 28.8 0.83
Al-49%Zn-2%Mg —75°C 34.8 23.8 8 29.7 0.86
—196°C- 37.2 27.6 4 30.6 0.82

* Aged at R. T. for 30 days
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Photo. 2 Effects of testing temperatures on fractures
in notched tensile test specimens of Al-4%
Zn-2%Mg alloy welds made with Al-4%
Mg-2%Zn filler metal, aged at R.T. for 30
days

Photo. 3 Effects of filler metals on fractures in notched
tensile test specimens of Al-4%Zn-29% Mg alloy
welds aged at R. T. for 30 days
(Testing temperature: —196°C)
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Photo. 4 Electron fractographs in notched tensile test specimens of Al-4%Zn-2%Mg alloy welds
made with Al-4%Mg-2%Zn filler metal, aged at R.T. for 30 days (x4,000x2/3)
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Fig. 3 Effect of aging on Charpy impact values of
Al-4%7n-2%Mg alloy welds
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Al-5%Mg filler metal

Al-49%Mg-2%7Zn filler metal

Al-4%5Zn-2%Mg filler metal

Photo. 5 Effects of filler metals and testing temperatures on fractures in Charpy impact test specimens
of Al-4957Zn-2%Mg alloy welds, aged at R.T. for 30 days

2 days

30 days

100 days 120°C X 24h

Photo. 6 Cross-sections at edge of fractures in Charpy impact test specimens of Al-4%Zn-2%Mg alloy
welds made with Al-4%Mg-2%Zn filler metal (Testing temperature: —196°C) (x400%x4/5)
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I;. T ’ —196°¢
Photo. 7 FElectron fractographs in Charpy impact test specimens of Al-4%Zn-2%Mg alloy welds
made with Al-4%Mg-29Zn filler metals, aged at R.T. for 30 days (x4,000x2/3)
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Photo. 8 Cross-sections of Al-4%Zn-2%Mg alloy welds

. . . 4 passes
made under various welding conditions P

Photo. 9 Effects of pass numbers and heat inputs per one
pass on micro-structures in Al-4%Zn-29%Mg alloy S
welds made with Al-4%Mg-2%Zn filler metal = o
(x100x7/10)



(158) T kK E ¢ E B & July 1971
° |
A-5%Mg Al-4%Mg-2%Zn Al-4%Zn-2%Mg
o—-—eo R.T.
- o——0 —75°C
g —196°C
S .
s
@
=
g
5
bt
E —
& e __ o
5 e
Ny
[&]
|
A" A A
) |
| 2 3 4 | 2 3 4 | 2 3 4

Pass numbers

Fig. 4 Effects of pass numbers and heat inputs per one pass on Charpy impact values of Al-4%
Zn-2%Mg alloy welds. Welds which consisted of 1, 2 and 4 pass beads were made under
the heat inputs per one pass of 19,000, 8,000 and 4,400 joule/cm/cm, respectively.
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Fig. 5 Effects of aging .and filler metals on Vickers
hardness of Al-4%Zn-2%Mg alloy welds
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Fig. 6 Relation between Charpy impact values and
Vickers hardness of naturally aged welds in
Al-49%Zn-29%Mg alloy
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