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- Centrifugal castmgs have many of the ‘'same defects as static
castings. KB A Gt e
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- Cold shots due to ‘um’helted globules, penetratlon (dips) due to
mould coating, vcold shuts (Iaps) due to misrun and pinholes
(blowholes) due to moisture, can be observed on pipe surface.
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Ductile iron pipes: a) Hot surface of pipe _' "}} .' ezireind’val from

centrifugal casting machine. b) As-cast du 5 .‘3" IP‘e §urface and
structure (SEM) NN OSSN
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* Since ductile iron pipes are generally used as as-cast
condition, unique surface structure becomes important.

- If, specifications indicate, surface coatings (Zn, Zn/Al,
epoxy, bitumen, PE etc.) are applied on pipes for
protection or seal.

@t, _':"
- According to UK Water Industry r&h '(UKWIR)
Report, pinholes in ductile iron pi e an |mportant
role for defect formatlon and pipe .f»*é re:/’if‘
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 During the usage, |f as cast p]n‘hole"iaefects are avallable,

they deepen and penetrate ~aII\~ over the_ |ewldth
Corrosion pmholes WhICh feri'ned ‘later are 6 ofgscope of
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« Cast iron mostly has a liquid film composed of a low
melting point mix of oxides.

- On entrainment of the surface the liquid film joins to the
other folded over liquid film and |mmed|ately coalesces,
forms droplets and floats out. L “&“

- Small irregularly shaped graphite iﬂ§¥hd p055|bly

malformed spheroids form as a resuj, ' C f lnéélgloss of Mg
o 1\”{) s
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 Liquid films can eaS|Iy move ou'i:é'e}i&’eentnfugmg and there
are no internal OX|de problem‘é\ mgBthh of the irons as it is
expected. SRR e _:‘ A Sl

and thick Iayg.j‘gof _ Ce.c }(ides form. '
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Defect B111l. Blowholes and Defect B121. Surface
pinholes

blowholes

AFS International Atlasiof Gasting Defects




* Pinholes are likely to occur on thinner pipe. One common
cause of pinholes is moisture retained in the mould coating
or some constituent of the coating that turns to a gas when
the molten metal comes into contact with it.

* This gas, as well as gas generated from mternal source of
melt tends to migrate and the easiest pa \“‘utf mqst cases,
is through the molten metal. . N
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- Surface and subsurface pinhole gI"’éws m °Cémpetltlon with
solid layer, into melt. The pore,gﬁms./éas from the surface
reaction, and loses it from |ts\growlng front. If growmg
front is entrapped by solid Iayer ofwif the surface g nhole
is covered by oxude, smooth pore shape ecd J:_;; CI.E;Ved |
and twisted. '\ “’:ﬁ"
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Bubble

Pinhole formation: a) Slow growth rate: of SO|IC| layers. Bubble can
move with the interface behavior: of pushlng (no pmhole left in the
casting). b) Intermediate growth ‘of solid layeri"Bi bble can
become incorporated into the mtérface to grow as «
pinhole (surface: pmholes ’bn,fCastlng) c) F
layer. Surface entrapme ,‘,bf“«plnholes wﬁ”@?’" Y-
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- Since layer formation rate or growth rate is very high in
centrifugal casting (hundreds of um/sec in centrifugal castings,
tents of um/sec in sand casting) cylindrical surface pinholes
generally develop on pipes .
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- Corrective measures include elimination of gassing possibilities;
use of an exothermic pipe eliminator to promote unidirectional
solidification and the appropriate pouring temperature possible
without causing cold shuts. Shortly, pinhole defects can be avoided
by taking below given precautions:

1. Making the mould carefully and maintainin i\i'.emperature
accurately, RO “j-'} o

2. Using coating materials that contain le 5\ { i =|'e mlx’ture, less
moisture and no free water of crystalljﬁa ‘-|on '”">

3. Maintaining an accurate molten met.afft‘emgeﬁture,
4. Taking the reIat|ver hlgh mould rotai?'on'@peed
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- The materials used for pinhole and surface oxidation study' were GGG
40 grade ductile irons which were cast in steel mould water cooled De
Lavoud type centrifugal casting machine. \’,,.n :
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* Pinhole rich pipe rings , DN100 (118mm OD, 106mm ID) and:isurface machining. a)
Four ductile iron pipe ring samples (6mm alloy: wall thlckness, 3mm internal cement
lining and external bitumen paint are evident. Note that under the bitumen paint thin
zinc coating and surface iron oxide are avallable b) OBmm depth machining, ¢) 1mm
depth machining, d) 1,5mm depth machlnlng Fn .
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» Results were graphed and statlstlcally analyzecLusmg the proper pr:

-

« Pinhole numbers by pomt counting anJ}ata‘i surface area of&mlbles
were measured on as—cast and machi edksﬁrfaces

- Changing the structure toward@ihje‘ sﬁrface, around. tt
composition were’searched by o'a1 WISEM microscopy:ec

i f_,,?yers and the str.ucture clo
S5 te: ter. The hardnes was measu



- It is believed that during centrifugal casting, when ductile iron liquid is
hot enough or mould temperature is high, thin Fe layer develops at early
stage.

- The wall of the pinhole canal can be covered by thin @ d"fragmented
oxide layer. SEM study showed thick iron OXIde E) %’-\tg ‘.canal after

annealing. e % a&;z{ N
S
"ﬁi‘mﬁ Id), e‘ntrépped gas

,_f)ped gas’' amount and
gas hole develops.

- Curved, dendrite or Génlcal shap i‘ls ev idenced during.e; %prm
As given in f|gure, p;}ﬁhaie léngl;b@asipn;g as 1.7mm whichjiSkt
and unacceptlble. &3‘}\, <

- If the first solid layer formed on the mou
condition of low liquid metal temperature:
can’t move inside towards: the pipe wé’l} En'
pressure increase by the tlme G Iatega' fEdrV@dl
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Pinholes and oxide layers (SEM
pictures) a) Shape and depth of
pinholes in transverse 'section.
b) Oxide Ilayers on  surface
without pinhole. ¢) ‘Oxide layers
on pinhole; edge. All. pictures
were ,taken . after*: . ‘annealing
treatment :
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Changing the number and
volume fraction of pinholes
with machining . .depth from
the surface.

Machining (mm)

[ Pinhole Volume Fraction (%o)

+—— Number of Pinhole (I¥/1000mm? R :
- Optical and SEM microscopy study showed that ductile iron surface layer
developed is nearly pure iron which is very-ductile'and easily deformed due to
gas pressure. If conditions preva|l gas penetrates inside from this hot iron
layer. Y

and during anneallng

‘Rarely, fragmented OXIde fil ;
pipes. o PR I'gj*’

‘It is clear from 'figuref a
temperature is high and



- Around pinholes and on all the surfaces three oxide layers were
recognized but there were no clear boundary between the layers. EDS
tests supported these findings.

- While outer surface layer is oxygen rich, the layer nearbx : 1f:j'|e matrix
is oxygen poor. \» A

- Total thickness of oxide Iayer was app .J‘,g_n*
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indenter traces. Mean values (HV):
ductlle iron substrate (belov
matrlx) 240+15, inner oxide
layer(right trace)=480+25, middle
oxide layer(middle trace)=380+27 and
top oxide layer(left trace)=320+40.
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é' 4

"',
v 9
“ .4 ‘gt

« The hardness tests gave different values in different laye ,rén et R

« Although, big hardness deviation was available |r,|{£§ ":Iayer, there are clear
differences in morphology and hardness of layers as*expected

- Since oxide layer thickness was so small~and upper- Iayer was rather
fragmented, taking the accurate measurement Wwas dlfflcult

- Hardness of oxide in first layer was apprbx1mat.ely 480HV which is 2 times

higher than ductile iron matrlx (240HV) L&
e N~
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- Previous study on steel indicates that‘ the'f.lr§t oxide Iayer ad]ac 31 j;g;i)g- is

magnetite (Fe;0,). . A" s
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1.

Using today’s state of the art ductile iron processing,
foundries can produce castings with a very low. incidence of
pinhole defects.

The best results are obtained when melting and . pouring is
controlled carefully. \ \,\;*' q

In addition to these, the centrifugal cas "h needs proper

adjustment of mould temperature, moui« ahﬁ:cjt:an"d mould
rotation. '
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When procedures aren’t foIIowedMJ_ "hgcah%r“’pmholes can be
serious defect on ductlle iron plpés p;oduced by centrifugal
casting. : P ARSIy

Liquid metal comp05|t|on (Ilkie\Al,J{/Ig Ievels) and availability

of gas formmg .elements ;‘FI in) in I|quLd K- r eC mnhole
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8.Surface pinholes with curved cylider and dendrite shape can
penetrate to the pipe from surface to one fourth of the
cross section.

9.Pinhole defects can be avoided by maintainin
temperature accurately, using coati
contain less volatile mixture-less moisti
relatively high mould rotation speed. \?-f{
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10.As-cast ductile iron pipe surfacé'j}’ré’s‘ t’h ca's_tin,g‘.‘oxide
and thick annealing oxide. f-:}; A"_\ Py P

11.The abrasive blast surface pfgperatlon is not economlcal
and negates the protectlve“'effeEts from re

1lting %-rpom,

annealing omdgi s ,{-;;,ﬁw | \_ 2 I
12.It is observetl that I:Jﬂﬁdl 1§ between 0x sf zlPr' d 2
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