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ABSTRACT

Plain brasses with 307o md. 40?o zinc contgnts and the corresponding modified brasses obrained with the

substituttionof l%ozncbytnweresubjectedtotheactionofsevendifferentmediaat6CIC.Thekineticsofcorrosion
and associated aspects together with macro investigations were carried out with the specimens.

It was observed ttrat addition of tin improves the conosion resistance of both the types of brasses. The more

concentrated alkaline solution causes the loss of both copper and zinc from tre brasses, but copper is subsequently
redeposited upon the alloy surface. The corrosion rate in this medium is more than about three orders of magnitude
higherasthatin allothermedia.Tapwaterisabout2-3tirricsmorecorrosiveascomparedtoseawaterorriverwater.

A Comparative Study of the Corrosion Behaviour of Some

INTRODUCTION

Brass has been known for a long time as an important

engineering material. Many machine pars such as large

bolts and nuts, pins and spindles, sockcts, rivets,
radiator cores and tanks, reflectors, springs, bullet
jackets, fire extinguishers, cbndensers, evaporators,

rudders, propeller shafts, heat exchanger tubes and
plates, sanitary and marine fittings, etc. are made of
brasses (l-4). Some of thqse parts, particularly those

used in marine environments, should possess sufficient
resistance to corrosion in sea water (4-7).

Many Cu-Zn alloys in a major part corrode in water
by a process called dezincification in which brass in dis-

solved and copper is reprecipitated in situ as a spongy

mass. Dezincification is one of the well-known de-
alloying processes by means of which brass loses its
valuablephysical and mechanical properties leading to
the otal failure of the structure. The literature survey on
the mechanism of de-alloying (8) in general and
dezincification (9) in particular provides a good basis
for understanding various aspecs of dezincification and
is inhibition. The work of Abrams(l0) in I922,&aling
with critical analysis of the various environmental
factors on dezincification, contribut€d a basic under-
standing of the problem. Due to its indusrial signih-
cance, dezincification has been an active field of re-
search and attempts (11-18) have been made to resolve
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:i.' controvcrsy ovcr the mechanism of thc process.
tr.'zincifical.ion generally occurs in watcrs of low tem-
:.trary hardncss and high chlorinc contcnt and can
:.'sult in perlbrarion of fittings or blockagc duc [o thc
:;position of bulky mcringuc like zinc corrosion
:'roducts (19). Soft watcrs specially may lead [o corro-
:ron failures from localizcd dczincification of thc.:,rxsscs 

conlaining morc zinc such as Mun tz,mc]r tJ (60Vo

Cu.10Vo Zn), non-inhibitcd aluminium brass (76Vo Cu,
2)lc Zn,2Vo Al) and ycllow brass (707oCu,307o Zn)
-rnaining no dczincification inhibitor.

A rcduction in fre zinc contcnt of the Cu-Zn alloy
,j,'t rcascs its susccpt ibi lity to dcz inc ification. B rasscs,' r cxample, containing morc than 85Vo coppcr are
: ri;Lically immunc. The addition of lin or arscnic to thc
:.,rn brassds containing more than l5%o zinc usually is

- riic clfcctivc in slowing or inhibiting thc
::;,ncilication rcacl-ion in lrcsh watcr and in sca-water.
.r:.'n 170 zinc is substituted from Muntz mclal and
, : ll.rw brass by tin thcn the modilicd brasscs arc known
-, r.lval brass and admiralty brass respcctivcly.

}is invcstigation was undcrtakcn in ordcr to make
i :rmparativc study on thc effcct of about l7o tin
. :,i ion on thecorrosion bchaviourof a 70/30brassand
. - -i0 brass in diffcrent corrosion media such as sca
* -:rr. rivcr watcr, [ap watcrand saltand alkali solutions

'...:4 ing concentrations.

i. \ PERI]\TENTAL PROCEDURE

lrur brasses wcrc prcparcd. The composition in
" . I -.: Fcrcentagc are prcscnLed in Table l. Thc briisscs
. : : ride in a gas-fired pit furnacc. First of all mchllic
- r- :r: i * as melted undcr an atmosphcrc of charcoal and
. -.,,: .. ru- mctal was sufficicntly fluid, the cruciblc was
-r -: . ir ol the furnace and zinc and tin wcre adtlcd to

. rg_s tlen stirred continuously for a while and
', ,-.xt i , i]to sand moulds. In ordcr to compcnsatc for lhc
: , :..' ,rinc duc to volatilization during mixing, about

' i' : r , ; is of fte amount of zinc rcquircd was addcrl. 3
. r. ;i::ngsofapproximatcly25mmx l3mmx l50mm

r *::l made.

i :,:r mJns ol about 24mm x l2mm x 3mm wcre cut
-, '" : :rilling cuttcr taking care that thc faccs of the
i d-.i--;r discs are parallcl. Thc laccs of t]re discs

" ."t .i,.: made exactly parallcl by a surfacc grinding

machine. A small holc of about 1/16" in diamcler was
drilled at. one corncr'of cach disc. Thc spccimcns werc
thcn polished vcry carcfully in a scries ofcmcry papcrs
of increasing finencss upLo Zl0 gradc papcr.

Thc surface area of each of the polishctl spccimcns
was calculated and the weight of each of thcm was also
taken in a semi-micro balance.

Seven differcnt mcclia of corosion narncly, river
watcr*, sea watcrx, lap watcr, 5Zo NaCl solution, lZo
NaCl solution, SToNaOH solul.ion utd lo/o NaOH
solution wcre uscd in *rc prcscnt study. 400m1 of each
of thcsc solutions was laken in sevcn diffcrcnt lots each
consisl.ing of four differcnt 500m1 conical flasks . Onc
spccimen from each of thc four typcs of brasscs was
dippcd into each flask of a particular mc<lium with the
help of a plastic string. A funncl was also provirlcd at the
top of each flask to minimise evaporation of the
solution. These flasks wcre thcn maintainccl at 6OC on
a hot plate. The spccimens werc withdrawn from ttre
solutions at regular intervals, clcancd ttroroughly with
running water and acctonc and thcn dried in a drier at
1lCIC for about an hour. Thcsc comodcd spccimcns
werc then weighed in a scmi-micro balancc. The surface
appearance of these spccimcns was studied by visual
and macro examinal.ions and any peculiarity/
distinguishing featurcs rccorded. The spccimcns wcre
again dippcd into the solution and exposed to the
coroding media for spccitied times and the cyclc of
opcraLions repeated.

Nccessary data wcre rccorded after each cyclc. It may bc
notcd Lhat. any mcdium that was found to have bccn
badly affected due to prolongcd exposurc was
rcplcnishcd by frcsh solutions at suitablc intervals.

R&SULTS

The specific wcight loss valucs, AflA, with timc tor
eacn spcctmen of the lour categories of brasses in seven
diffcrent corroding media along with ttre inirial wcight
and surface area of each were duly rccorded and
tabulatcd. Necessary graphs were then drawn from
these dara. Figures I to 4 rcpresent these curves in which
thc weight loss ( or gain) per unit. area of specimen
surface, called thc spcific weight change, has been
plottcd agains[ timc.

; , : r' * 3tcr has bccn collectcd from the Buriganga and sca water has bcen collected from rhe bay of Bcngal.
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The corrosion kinctics of rlre 60/40 and of thc 70/30

plain brass spccimens in different media at 6OC havc

hecn shown in Figures I and 3 respectively. It is cvidcnt

from these figurcs that in gencral, the spccitic wcight

loss values of thcse specimens risc sharply in the initial

srage of the expcriment for all thcse mcdia. It may bc

notcd, howcver, lhat although the curvcs for t}te lclo

NaCl solution in both tlre figurcs rcprcscnt an initial

dccrcase in spccific wcight like thc other spccimcns, but

soon it assumcs a ncgative slope, thercby indicating a

continuous gain in subscqucnt spccific wcight change

valucs.
Thc corrosion ratcs for all thcse spccimcns in all the

ditfcrcnt mcdia finally attain constant or steady valucs

as indicatcd by ftc curvcs. Thesc values, togcther witi
thosc for the corrcsponding modificd brquscs havc bccn

shown in Table 2.ltmay bc notcd from figurcs I and 3

that in thc initial stages (i'e. upto about 50 hours) thc

spccific wcight loss values for both the typcs of plain

brasscs in the 5olo NaClmcdium, in riverwatcrand in sca

watcr arc ncarly idcntical except that for the 60/40 plain

brass in sea watcr (which is much lowcr). Morcovcr, il

will also be apparcnt from Table 2 that thc stcady-statc

corrosion ratcs for both the typcs ofplain brasscs arc not

much dillercnt in thcsc thrcc media,exccpt ftat thc ratcs

for rtre 70/30 plain brass are only about one- half to one-

fourth thc ratcs lor the 60/40 plain brass.

Table 2 also rcvcals that thc stcady-statc corrosion

ratos o[ ttre 60i40 and of thc 70/30 plain brasscs in tap

watcr arc comparativcly much higher than those in sea

wal.er ancl in river watcr. Thc eflccts of 0rcse media will
bc apparcnt from figures 5 and 6. It will bc scen that the

greatcr corrosion rate in tap watcr rcsults in a complcte

rcmoval of polishing marks from fre surface of the

spccimcn exp,oscd to this mcdium, figure 5, whcreas

such marks are obscrvcd to havc bccn largcly rcuincd

on ftc oticr two relcvant spccimcns, iigurc 6.

Figurcs 2 and4 reprcscnt the corrosion bchaviour of

thc two typcs of brasscs which have bccn obLaincd

through the rcptaccmcntof l%aZnby la/o Sn in thc lwo

plain brasscs; thc tempcraturc of exposure, of course,

rcmains fte samc as bcfore (i.e. 60C). It will bc

apparent lrom lhcsc figurcs, t]rat for all ol thcse media

the spccimens rcr,:ord a lnore or less sharp initial

decrcase in thcir spccific wcights and their corrosion

rates subsequently atlain more or lcss constant valucs.

It may bc notctl that in ths initial stage of thc

experiments (i.e. upto about 50 hours) thc spccific
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wcight loss causcd by thc 57o NaOH solution is thc
highcst amongst fiosc causcd h1, all othcr mcdia lor all
thc typcs of brasscs. Thesc valucs for this mcdium

subscqucntly tcnd to dcclinc for a whilc but ultimatcly
incrcasc to atlain much highcr stcady-statc valucs. It
will also be noticed from Tablc 2 that thcre is liulc
dilfercnce bctwccn thc stcady s[atc corrosion ratcs of
the spccimcns cxpnscd to sca watcr and to 5% NaCl

solution.
Thc effects ol dccrcasing Lhc conccntration ol thc

NaOH solution ugnn thc brasscs at 6OC wcrc studicd by

exposing thcm to solutions of two diflcrcnt
concentrations. It may bc noticcd from Tablc 2 that the

concentration ol thc mcdium has a trcmcndous elfcct
upon the corrosion ratcs of all lhc brasscs. Thc steady-

sl:lte corrosion ral.es are about 20004500 rimcs in thc

5olo NaOH solution as that in thc l%o NaOH solution.

Morcover, it may also bc noticcd that for both thc mcdia,

the corrosion rates of thc plain brasscs arc sotncwhat

highcr than those ol thc mcxlificd brasscs (about l-5

timcs).
Variation in thc concentration o[ t]rc NaCl solul'ion

also produced variable clfccts upon thc corrosion ratcs

of thc brasscs. Thc 5o/o NaCl solution causcd a

continuous loss in spccimcn wcight with increasing

timcs o[ exposure for all thc brasscs. Thc lclo NaCl

solution, on thc othcr hand, at lirst causcd loss in wcight

for thc plain brass spccimcns (bctwcrn 50-100 hours),

but subsequcntly rccordcd a condnuous gain in

spccimcn weight upto thc cnd ol thc cxpcrimcnt,

thercby indicating lhat some adhcrcnt coal.ing werc

bcing formed upon the spccimcn surfacc' Thc modificd

brasscs, howcvcr, wcrc affcctcd in this mcdium in t]rc
usual way i.e. loss in weight was obscrvcd wilh
incrcasing time of exposure. Table 2 rcvcals that thc

stcady-stale corrosion ral.cs o[ thc plain brasscs in 57o

NaCl soluLion arc about 1.5 timcs thosc of thc modilicd
brasscs.

DISCUSSION

It is obscrvcd that thc linal ratcs of attack upon all t-he

br:ss spccimcns in thc 570 NaOH solution arc morc ttan
tlrrcc orders of magnitudc highcr as comparcd [o thosc

in thc l7o NaOH solution. This trcrncndously high ratc

of attack by thc morc conccntratcd solution was also

apparcnt from lhc m uch dccpcr bl uc colour or grccnish

bluecolourof thc5o/o NaOH solution than thato[thc lolo

NaOH solution aftcr a ccrtain timc of cxposurc. It is wcll
known that zinc rcadily gocs into solution in sodium
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hydroxide forming solublc sodium zincaLc, and it is
pnssible that thc 5% NaOH solution should havc a
grcatcr corroding cffcct upon thc spccimcns than Lhc la/o

){aOH solution. The more conccntratcd solulion (i.e.
570 NaOH solution), thercforc, <iissolvcs out rnorc
coppcr and zinc due to which i[ assumcs a decpcr bluc
or greenish bluc colour. The surfacc of frc slrcimcn,
thcrefore, assumcs a bright goldcn colour in thc initial
snge. Howevcr, aftcr a longcr cxposurc, thc surlacc
gradually turns to a rcddish or brick rcd colour. It has

t'.rcn rcportcd (21) that zinc is prcfcrcntially dissolvc<l
out from Lhc surface leaving thc coppcr bchind or both
mctals dissolve, but coppcr is subscqucntly rc-
dt-positcd upon the surface of the metal. The brick-rcd
crrlour of the dcpnsit upon the spccimcn surfacc is
otrviously duc to this re-dcposiLion phenomcnon.

Table 2 also indicates that the slcady-statc corrosion
rer{.rs of the plain brasscs in 57o NaCI solution arc higher
rhrn thosc of the corresponding modificd brasscs which
mry bc ailributed to lhe presence of tin in t-hcm. It can
al'o bc noted that tre solution is almost l.wice as
;rrosive upon thc 60/40 plain brass as upon thc 70/30
Lress. Thc equilibrium diagram for binary coppcr-zinc
rllol s(20) indicatcs rhar 70130 brass is a singlc phasc o
kess whilc 60/40 brass contains borh a and p phases
J( room tcmperaturc. Thc highcr ratc of conosiori of 60/
j".r brass than that of 70/30 brass in 5Zo NaCl solution is
'unr,r: clcarly duc to thc hctcrogcncous nature of thc
mgr^'*r-zinc brass than thc singlc phasc 70130 varicry.

On thc othcr hancl, thc stcady-statc corrosion ratcs
rufi both tlrc plain 60140 and [rc 70130 brasscs arc
amcmst idcntical in fi, NaCl solution. Thc samc is also
urur rith thc corrcsponding modificd brasscs. Visual
cltr'rxination of lhc surfaccs of thc plain brass spccimcns
ulicr crh exposurc rcvcalcd somc grcenish dcposits
hu'e and thcre. These dcposits, as may be expcctcd,
m;sd t}rc ralc of corrosion in thc plain brasscs, and
.ryormdy bcing of an adhcrcnt nal.ure, arc rcsponsible
$lm dm ncgativc slopcs of thcir corrosion curvcs. No
"r&cr:nr dcposit was, howcvcr, obscrved to havc
ifliunrnsJ on thc modilicd varictics in this corosion

rfrum!1" Thc two kincl.ics curvcs, thcrcfore, maintain a

mrurlc slope throughout thc cxpcrimcnt.
ft" r* al"ro sccn from Tablc2 that for both tap watcr and

lmnircr'*r.r"ir, thc steady-staLe corrosion ratc of cach of thc
| " -'' fi|:t -:0 brass and o[ rhe plain 70/30 brass is about 4-
5,rlnry* urrosc of thc corcsgnnding modified brasscs. At
& rur: Ltmc, thc stcady-statc corrosion ratcs of Lhcsc

ll'g{n, Engg.Res. Bull., Vol. 12 (1989)

plain hrasscs are observed to be very high in t p water
as conrparcd [o thosc in tre river water. This fact is
rcvealcd from figurcs 5 and 6 which reprcscnt tha
surlacc appcaranccs of r]rc 60/40 plain brass spccimcns
in tap watcr and in rivcr watcr rcspcctivcly. Thc
rclativcly large amount of corrosion producc<l by Uap
watcr is indicatcd by the complcle removal of [re
polishing marks form thc surfacc of thc particular
spccimen, figurc 5, whercas such marks are more or lcss
complctcly rctaincd upon the surfpce of the spccimen
exposed [o rivcr watcr, figurc 6. Exactly similar
differcnccs wcre notiQed betwccn i0l30 piain brass
.specimcns dipped in tap water and rivcr wartcr. It may
bc nolcd from Tablc 2 tlrat ttre stcady_s[lte corrosion
rates in thc formcrmcdium forboth thekintlsof thcplain
brasscsare about2.5-10 timcs those in thelarcrmedium.
It secms pnssible that this comparatively highcr ratc of
corrosion in tap watcr is due to thc prcscnce of tlissolvpd
chlorinc or theconcsponding fru: acids in l.hc Lrp watcr,
thc disastrous effccts of u'hich are vcry much cffcc-
tivcly countcractcd by thc prcscnce of l Zo tin in thc
modificd varieties ( a litrle morc modifisd 70-29-l alloy
is tlrought to be somcwhat. morc corrosion rcsistant thqn
the other modificd varicry).

The stcady-state corrosion rate in tap water of the 60/
40 brass and that of thc correslrcnding modified brass
are about 2.5 timcs the ratcs of corrosion of the
rcspcctive brasses in river watcr bul. those of thc 70/30
brass and of thc conesponding modified brass in rap
watcr are about l0 times hose in rivcr watcr. This
advcrsc effect of tap watcr, as alrcady notcd, is duc to thc
presence of a large amount of dissolved chlorinc in it. It
is known that overhcad tanks in residcntial buildings arc
frcqucntly treated witl bleaching powder.

CONCLUSIONS

The following conclusions may bc drawn from thc
work done so far:

(l) Addirion of small amounl.s of rin ro rhc 60/40 and
thc 70/30 brasses considcrably improvcs rhcir
conosion resistance in almost all the mcdia undcr
invcstigation.

(2) Dczincification occurs in all varicrics of rhc
brasscs subjcctcd to lhe aclion of thc morc conccntratcd
alkaline solution. Coppr is also bclicvcd to bc
dissolved out but is subscqucntly rc-dcposited upon thc
spccimen surface as a result of elcckochcmical action.
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Iflgure 5 Photonacrograph of thc gutdace of a 6/l+0 Plaln brasg

speoincn exposed for 98O houre ia tap uater at 6OoCr x 60.

It nay be noted that the potiehing rarka havc conpletelJ
beon rcaovcd duc to thc nsre corrosive action of this
nediun-

Flgure 6 Photonacrograph of the eurface of a 6O/n plain bracg

epecinen exp,oaed for 98O houre ln rivcr vater at 6Oogrl 59.

Polishlng narka nay br.bbgervcd to havc bccn largcly
retaincd due to the leec aoverc action of this nedl'un.

An ldentical surfaee appearancc could be noticed rith
. tho aPeclncn axpoaed to aea vatcr'.
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(3) Tap watcr is found to havc an abnormally high
;orrosive eflect ulnn both the typcs of plain brasses, as
;omparcd !o other media. This can probably bc
:tifibuted to the occurrcnce of largc amounLs of
:issolved chlorine in the mcdium. It is known that
,.bcral additions of bleaching powdcr are madc at
intcrvals in domestic water supply systems.

(4) Thc more dilurc alkalinc solution causes lhc
icrmation of coppcr oxidc which appcars as a black
Jcposit upon l.he spccimen surfacc. It is possiblc that
:u:h an oxide also forms in thc casc of lhe morc
;Jncentratcd alkaline medium bul is subscqucntly
:rssolved out by the more corrosivc action of the
nu'dium concerncd.

(5) An adhcrcnt coating was obscrvcd to have':rmcd 
upon the surflaces of thc plain brass spccimcns

: rposcd to l7o NaCl medium only. pcculiarly cnough,
: -. such deposit was obscrved ulnn thc corrcsponding
-odiiied brasses. As a rcsult, plain brasscs apparcntly
::oved to be more rcsislant in this mcdium than thc
-:.rdiiied brasses.
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Table I Composition of tre brasscs

Material 7o Composition

Nominal Actual

(l) 60-40 Plain Brass

(2)ffi-39-l motlitied
brass

(3)70-30 Plain Brass

(4)'70-29-r moditied
brass

60 Cu-40 Zn

60 Cu-39 Zn-1 Sn

70 Cu-30 Zn

70 Cu-29 Zn-1 Sn

60.15 Cu-39.85 Zn

59.95 Cu-39.05 Zn-l Sn

70.05 Cu-29.952n

70.06 Cu-28.88 Zn-l.06Sn

Corrosion
mcdium

60-40
plain brass

60-39-l
modilicd brass

70-30
plain brass

70-29-r
modificd brass

Conosion rate,

mg/dcm2-day
(mdd)

Corrosion ralc,
mg/dcmz-day
(mdd)

Corrosion rate,
mg/dcm2-day
(mdd)

Conosion rate,
mg/dcm2-day
(mdd)

5ToNaOH
solution

17o NaOH
solution

57o NaCl
solution

l7o NaCl
solution

Tap water

River watcr

Sca Water

10.879x10 6

2.40xlOe

10-572x10r

-19.358x10t

37;tl|xl}'e

15.257x10'e

12.552x10'e

7.022x106

1.524x10j

7.056x10r

8.640x10-e

8.726x10'e

3.636x10e

6.857x10e

10.08x10{

6.751xlOe

5.434x1Oe

-l7.332xlte

39.792x1}e

3.907x10-e

6.329xl}e

7.159x10 6

3.998x10{

3.389x10e

10.824x10e

7.0001x104

0.727x10'e

4.234x10s

Table 2 Stcady-state corrosion rates of the plain and modified brass sltccimcns in diffcrcnt mcdia at 6OC.
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