CHAPTER IV

RESULTS AND DISCUSSIONS

The results of this researcl‘W]J be reported into 2 parts, as follows:

1) The findings @ & ace of the corroded Al and
CS specimens were car 0 i ntify t corros1on that taken place.
The results were idg' 2d" by /visual o ation, photographs of the
specimens after immegsio LA Nowions d by investigation of the
corroded surfaces und aphs with magnification

of x 60 to x 600. Such/microg f s, ¢ould st w characteristics of corrosion
produced by various grrgSive solutions, such as CH3OH + DMM, CH3OH +
DMM + HCI, CH30H °F + HCL PE + DMM + HCL, etc., in detail.

the corroded Al and I'h
calculated in 2 system units; milligrams/sq. dmimetre/ day, mdd, and

i ‘“"Ff% AENINeNT

On rep ortm the corrosion results ebtained by the,other corrosive

et o GO Eeb 8 S A s i

compans?on to that obtained by the interested corrosive solutions. Such

comparison would provide results to support others.
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Identification of Forms of Corrosion on Al and CS Specimens

Calculation of corrosion rate in section 4.2 appeared that the
corrosion rate of CS specimens was somewhat low in comparison to that of
the Al specimens, which its corrosion rate was high. Such a low corrosion rate

to incorrect conclusion, therefore it

> appearances on those surfaces
together with the corrosi both corrosion rates and

characteristics on corroded.surface wul" make the experimental results more
correctly. Findings o 0sibn forms were ide ntified by visual observation

of CS specimens was obviously le

was better to examine the ¢

Because the abi on of each elements is not the
same, therefore, vanous compos:lﬁﬁn;’ “specimens should be examined

subsection easier. } :
spemmens used in“the test. Both kind of sfsémmens were analysed

Pagin boh E‘T’?‘VTW?W UINT

ﬁlﬂl ecimen shown‘in table 4.2¢had aluminium98.231 %. The

B0 o b Wi b Fof e ok i i

others, then this aluminium should be combined to series 6xxx, but it was

surprising why there was high elemental iron in it.



Table 4.1 Various compositions of carbon steel tested specimen

Element

Iron
Carbon
Silicon

Manganesg

Sulphur
Copper
Nikel

Phosphorus &

symbol
a :\‘ Tesispecimen

- % weight

Commercial

std.specimen

#2
0.061

0.291

0.012
0.053
0.026
0.037
0.005
0.001
0.002

MIAINTUAMINYAE
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Table 4.2 Various composition of aluminium tested specimen

Element symbol % weight
Aluminium Al #1
Silicon Si 0.361
Iron @ 0.581
Copper O\ l// 0.118
Titazli)um | | 0015
Manganese 0.057
Magnisiuw
Nikel N 0.010
Zinc
Chromium
Lead

——

2. Surface Preparation of Al and €

g o &
i _-l'. f o
L

N0.120 ¢ ‘ easing with mixture of

If ;
and Al specimen surfaces

included finishing wi i-
1:1 methanol to ether:

were shown in Fi Y ff | inds of metal surfaces
- revealed theirm@ﬂeﬁdmgj:ﬁa ﬁ,ﬁeﬁlﬁiotomicmgraphs of
CS speci ace were shown in Figures 4@+and 4.4 as well as Figure 4.5
o R b KD EMLbide s oM o e

paper were appeared on surface of CS specimens scanned by SEM. Small

he appearancs on the CS

black pits on the surface shown on photomicrograph were not valuable to pay
attention to because they were resulted from impacts on each other during

scrubbing process



B:ernf CS specimens

Figure 4.1 Thefinis

héd surfa

The finished surface of Al specimens

Figure 4.2
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Figure 4.3 SEM phqtog"rapﬁ:-§ih9wing the finished surface of CS

specimens’ )

Figure 4.4 SEM photograph with magnification of 600 x

showing the same surface as that in Figure 4.3



Figure 4.5 SEM phﬁtdgra")h;with magnification of

60 x showing surface of Al specimen

3. Surface structure 6f the CS and Al specimens after exposure test

For the sapie type of specimen, varions.gorrosive solutions gave
different corrosion tesults, meaning both the snrface appearances and
corrosive rates. On the other hand, if 1t was the saine corrosive solution, the
different corrosion results*obtained weré“based upon various metals. Almost
all corrosive solutién'systéms provided more!corrosion rates on Al specimens
than on carbon steel. Among the gorrosive solution systems, the CH30H+HCI
+DMM*solution was\the ‘m@st,interesting because |it"causéd| s€vere corrosive

reaction, whereas the corresponding solutions of PE showed a little corrosion

on the specimens.
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3.1 Surface apperances of CS specimens after exposure test

Before reporting appearances of the CS specimen corroded by the
DMM solution, the corrosion results obtained by other corrosive medias, such
as HyO, HoO+HCI and Hg in cyclohexane needed to be discussed first to

distinquish how important D as to the system. The table below

Corrosive soluti Photomicrographs

conditions for ¢ p St L sob 01 from SEM
1. distilled water(H,0), 1e¥f ;_, i \ 4. Figure 4.7 (60x)
temperation 2 EJ”_"_{ B ‘

2. H,O+HCl 150 ppm Soldtion. - - | fFig Figure 4.9 (60x)
ambient temperature JE?—"*F Figure 4.10(600x)

i i Figure 4.12 (60x)
Figure 4.13(600x)

3. Hg in cyclohexan

Temperature 50"C

ﬂuﬂ’mﬁ‘ﬂ‘ﬁ‘WEﬂﬂ‘ﬁ
awqmn‘m UAIINYAY
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Figure 4.6 Photograph s!mwing surface of CS specimens
immersed in distilied HO for 662 h. at ambient

temﬁeraﬂtgfe )

I

Figure 4.7 SEM photograph with magnification(60x)

showing the same surface as that shown in Figure

4.6
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Figure 4.8 P,Jfowgraph sh&wmg surface of the specimens
|mmersed in theHzO+HCl 150 ppm solution for

662 lx at ambnen%lamperatlon.

Figure 4.9 SEM photograph with magnification of x60

showing the detail of the corroded surface

shown in Figure 4.8



!

r 4 £/ .,P . 4
Figure 4.10 S M photogrﬂ?p«h magnified x600, showing the
ﬁ'pyéar'a_lngé of tﬂe same eorroded surface as that

ifl Fig. 4.8-9.9° %)

 d

Figure 4.11 Photograph showing the corroded surface of CS
specimen immersed in Hg-cyclohexane solution

for 916.5 h. at 500C
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Figure 4.12 SEM photﬁgl'ajghamagniﬁed x60, showing the
char'ac*tgri_s.tics of the same surface as that

showh in Fig 4.11

Figure 4.13 SEM photograph magnified x600, showing

the porous surface of the same surface as

those shown in Fig. 4.11-4.12



As can be considered the appearances on surface of the CS
specimens corroded by distilled H2O in Figure 4.6, it appeared a lot of
smudges over the whole surface area, whereas its photomicrograph (60x)
in Fig. 4.7 showed clearly that the appearances on the surface was uniform

corrosion.  Figure 4.8 showed the corroded surface exposed in the
H,O+HCI 150 ppm solution and @4 9-4.10 were its photomicrographs

which scanned under ma.gmﬁ,ggﬂo lgf x600 respectively. It was

found that the appearance iform corrosion but its
\ _lo 4 It eved that because HCl

W t s{(onglg?mg, and the specimens

penetration rate seemed

concentration, 150 pp

themselves had high c o chrb%m existed(see table
4.1)

From the Fi 4k 7 : eh surface was obviously
corroded over wide area;” white bp,%m“ . 4.12. The characteristics of

As mentioned ear d gorrosive media in

this research. Then, 1 : was desn’ed to . g srrosion results affected
by DMM. Absolute C 3OH and PE were chosen to dilute DMM,because

both of the ﬁl M Before the
charactenstlcsnﬁ}ﬂzclm ﬂzllk m ﬁ)ﬁf solution were
identifie to khow how beth solvents corroded the
specimea kﬁﬁ;ﬁ\iﬁzﬁm umsqwtgs’]}@ ﬂ 14-4.15
showed surface of CS specimens immersed in absolute CH30H for 977 h.
at 700C. Tt was found by observing, see Fig. 4.15, that it appeared a little

corrosion on right hand side below, the remaining area was still usual. The
reason was scratches caused by abrasive paper.Table in appendix I showed

that its weight loss was about 2 mg only.
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Table 4.4 Details of Figures 4.14-4.32 for carbon steel corrosion discussion

corrosive solutions and condition

for the exposure tests

Photomicrograph
from SEM

1. Pure absolute CH30H, at 7000

ppm, at 500C
6. Solution of abs. CH3C
150 ppm, at 70°C
7. Solution of P DM
ppm+HCI1 150 pj
8. Solution of PE+H . °1 150 ppm, at
700C ‘a

Figur
o
fal &

Figure 4.15 (x60)
Figure 4.17 (x60)
Figure 4.19 (x600)
Figure 4.20 (x1000)
Figure 4.22 (x60)
Figure 4.23 (x600)
Figure 4.25 (x60)
Figure 4.26 (x600)
Figure 4.28 (x60)

Figure 4.30 (x600)

Figure 4.32 (x60)

Tal 1Ta! DAL £ Fal =W -~
ovidng Ifrld

Y
RININTUUNINYIAE




Figure 4414 ff;lyntbgrz_iph‘\fﬁ;the CS specimens immersed in
" pure abseluté. CH3OH for 977 hr at 700C.

FRad o
£ -

Figure 4.15 SEM photograph magnified x60 showing the

same surface as that in Figure 4.14
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Y 4 rFry —w
Figure 4.16 I;Ifogbgfaph, of the'specimens exposed in pure PE
o077 h. 4 709€, as blank test.

£E ,;"

Figure 4.17 SEM photograph with magnification of 60 x

showing the same surface as that in Fig 4.16
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Figure 4.15{ [;l{oépbg’fapfl sl‘\l}owing the corroded surface of the
»~’°s[§éci;hen§fimlﬁ'grsed in the abs. CH30H+150

AR A g
H

ppsh DMIM solation fox 1024 h. at 500C

F

Figure 4.19 SEM photograph with magnification of x600

showing the same corroded surface as that

in Fig 4.18



Figure 4.20 SP}M photograph magnified x1000, showing
4 dd
the same corroded surface as those shown
in Fig 4.18-4.190,

Fa
T
i

Absolute CH;0H could corrodé‘-’fhécarbon steel specimens very
slow, its corrosion "ra’te.s» H-section-4.2 were low, mde} 4t was believed that
0, and H,0O existiﬁg'less than 0.003 % in absolut’e':CH3OH resulted in
corrosion on the CS specimen. If CH;OH was aii corrosive agent, the
corrosion resultishould be-mach higher becausesthe-ameunt of CH;OH was
much more than H,O. The sameé CH;OH results also appeared with the
specimens,expased in, pure-PE.for,977 h at=700C. . This means that PE
solutioncould ¢arrode ispecimen’less than CH3OH | solution. The reason
was there was no H,O, in PE. Fig 4.16-4.17 showed that no corroded
appearance was found because its surface did not differ from that before

testing. Thus, it was appropiate to use as the solvent.

For the apperances on photomicrograph in Fig 4.19 i

comparison to that in Fig 4.15, it was clear from these figures that DMM
dissolved in absolute CH30H could corrode the CS specimen. The
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appearances of corrosion in Fig 4.20 included a lot of small pores
distributed uniformly over the whole surface area of the specimen. The
appearances were more similar to that obtained by elemental Hg solution.
It could be concluded that DMM must be a corrosive agent for this
solution certainly.

For organomercury s solved in alcohols, which
are high polar solvents;"its"C-Hg bt i weak+to break. The activated
energy for bond cleavage of' { is| only abous brﬁkcal/mol [18] and this
1l {lysis or by thei mal dissociation [17]. In
the case of bond cleavage By, py1 g, o JMM in the presence of a
hydrogen donor, suchés GH3OF [15 caction is as follow

CH;3-Hg-CHj S “3CH 4+ HCOH - (4.1

The appeaxaceg of the surfacain Figure 4.22-4.23
seemed to be uniform corsosion and theycharacteristics of the appearance

e s e A5 A B B 1o s sy,

the thermal rea%llon must be occurred very htge because terEBerature was

low (RN HRIFFT NP VLo b

200°C[17]. In the next section, corrosion rates in mdd and mpy were

reported to support this answer.
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Figure 4.21 Rﬁotb.grgph si}gwing the corroded surface of
s‘peﬁimené exﬁi_}bﬁd in the PE+150 ppm DMM

»F = R
solutioh for 1024 h. 4t 500C

Figure 4.22 SEM photograph magnified x60 of the same

surface as that in Fig 4.21
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Figure 4.23 Sl}l‘l j)lyf)togl apgl magnified X600 showing
s"amé sﬁrfaee of specimen as those shown in

e

F.guws 4.21-422,

Figure 4.24 Photograph showing the specimen surface
immersed in the CH30H+150 ppm DMM

+150 ppm HCl solution for 1024 h. at 50°C

74



Figure 4.25 5 Mf ﬁjhbtvogr;p‘h magnified x60 showing the
FF  Liliid
appdr?;'lpe;nn the same surface as that in Fig 4.24
,-"il“ ¥ y | ;

at

Figure 4.26 SEM photograph with mag. x600 showing the
appearance on the same surface as those
shown in Figures 4.24-4.25
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Figures 4.24-4.26 showed corrosion results of the CS specimens
that exposed in the absolute CH3OH+150 ppm DMM+150 ppm HCl

solution. It was appeared that the corrosion reaction was taken place by
this corrosive solution system more severely than every previous systems.
The results of corrosion-rate calculation (listed in the appendix IIT) showed
that the result of adding 150 ppm HCI into the CH30H+150 ppm DDM
solution increased its corrosion rate about 40#imes. The appearance on the
specimen surface composed-of a lot o£ smal Pits-distributed uniformly on
the whole surface area. The-eottosion of small pits tended to be expanded
more by width than by ‘dcpfh, it ‘was then expected that they would
developed to the form of umfg)nn corrosxon finally. This corrosion
appearance was similag to/ thia of sp_gcnnen in Fig 4.20 which was
corroded by DMM. ey Vo

Figure 4.27 Photograph of the carbon steel specimen
immersed in the absolute CH30H+150 ppm

HCI solution for 978 h. at 70°C
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same cqnfdded §igrface as that shown in Fig 4.27

ol 4

The appearance on the cbn'oded_r}sfn_iﬁ.‘f’ace of specimen in Fig 4.27-
4.28 were identified to be.im the form of wniform corrosion because the
surfaces were corroded-over the whole surface area aid it seemed to be a
lot of small pores distributed uniformly on the surface, without large pores

developed at any position. The corrosion rate of CS specimen corrcded by
the CH30H+150 ppm HCESolution was low with relative to that corroded

by CH30H+150 ppm-DMMH150' ppm HCl solution. IFor example, the

corrosion. rate.of the former system was about“®.39 mdd at 700C, but the

latter was about '12.04"mdd at'thé same temperature,whichlit.was clear
that the CH3OH+DMM-+HCI solution could corrode the CS specimen

about 1.5 times higher than the CH30OH+DMM solution

In addition to photolysis and thermal dissociation, the C-Hg bond
eleévage of DMM in any solvents might be accomplished by reacting with
acid. Coincidently the experimental results of Dessey and Kim [19]

showed that HCI underwent to do that according to the following reactions
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CH3-Hg-CH3 + HCl — CH3-Hg-Cl + CHy 4.2)
f
If a vigorous condition, higher acid concentration, was existed, the

following reaction could also be accomplished,;

CH3-Hgt-CI- + HCI ‘x‘ﬂ" 1Q1# & C 4.3
o N -
The condition with bott ‘”'" 0°C); an' may be even stronger to drive
bt reaction for producing

/,_ N

the above reaction to

Hg”'Clyis the following \ \ |
CH3-Hg-C + L . k ’\ \ 3-Hg-CH3 (4 4)
FYTRE
Both reactions (4.3) a 4) oV . C “;1. hich is also the severe
corrosive agent [22] and Wwel "?"' ]:_é' h H,0 and CH;0H. That is,
HgCl, was considered to be.a cause of ¢ n in this test

Vw—h E’J

s

Eﬂ ]
ﬂﬂﬂ??’lﬂ'ﬂﬁﬂﬂﬂﬂ‘i
Q‘WW&Nﬂ‘iﬂJ NN Y
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Figure 4.29 Plhiotggraph _s'ho.bfin'g the corroded surface
{mudersed in the PE+150 ppm DDM+150 ppm
HCI golutioi for 978 h. at 70°C.

e
- ot gt

i e
Zemee

Figure 4.30 SEM photograph with mag.x600 showing the

appearance on the same surface as that in Fig 4.29
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Figure 4.31 P ‘raph s_i’mwing surface of the corroded

Fa

spéci _gnls_lnnn}:(;;;s‘gd in the solution of PE+150

P H(;l*jzs a blank solution, for 978 h. at 70°C

b5 | ! . i =

Figure 4.32 SEM photograph with magnification of x60

showing the apperance on the same surface

as that in Fig 4.31



It was found that, see fig 4.30, the corrosion of CS specimen
immersed in the PE+150 ppm DMM+150 ppm HCI solution was very low
which its C.R. value was about 3.45 mdd at 70°C after exposure for 978
h., and that the appearance was difficult to identify the form of corrosion.
However, it should not be pilting because the corrosion did not grow at
any point. Furthermore, if this comesion result was compared to that

corroded by the PE+150 pp I‘@l\s\

e same temperature, it was
f C.R. The C.R. of the

it endix was about 4.42
Cli . PE+DMM solution

the bottom of volumetric 1la
reaction with DMM difficul

corrode the specimen, whlch-%a:asﬁle e 1son wh

solution was so smzill’1 — *" 3

3.2 Surface:zlppearance of Aluminium Sﬂécimens after Test

. GUEADININEANI 5 e
f"“"‘”na HARIRIRE NS TN HA R B i1

and Hg in cyclohexane
2) Interested corrosive solutions prepared by dissolving DMM into
absolute CH30H and PE
3) Advanced corrosive solution which were solutions in group no.2
added HCL
Another reason to choose PE as solvent was that, PE 1is

hydrocarbon like natural gas, which organomercury can be dissolved in
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metal which had somewhat lower corrosion resistance than the

others.Table 4.5 Figure list for CS corrosion discussion
Group 1 was carried out as indicated in table 3.5. The corrosion

apperance of Al specimen immersed in H,0, H,O+HCI, and elememtal Hg

in cyclohexane were shown in Figures 4.33-4.38.

Table 4.5 Details of Fig \M @ corrosion discussion

Corrosive solutions and, .. v al Photomicrogras

conditions for the te o A «_&\_E_&\u from SEM
; e
1. Distilled water, at 50°€, 7 o1 \\\\\ igure 4.34
for 890 hr ] ==\ L (X60)

2. HO+HCI1 150 ppm aci

Fig ' \' igure 4.36
i \
solution, at 50°C, for 890 I AT 5 , 60)
=

Figure 4.38
(x60)

3. Saturated Hg-in-

cyclohexane solution,
at 50°C, for 891 hr

Y

_

9 g
AU INENINYINS
RIAINTUNRINYINY
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Figure 4.33 | Photogr ﬁh_§h0;&iﬁ‘g the corroded Al specimen
mngerged ifl the distilled H70 at 500C for 890 h.
yF F =5 Y 4

# of

Figure 4.34 SEM photograph showing the appearance on th

same corroded surface of Al as that in Fig 4.33.
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Figure 4.34 shows a lot of small pits appeared on surface of the
corroded specimen over the whole surface area. Its C.R. calculated in

section 4.2 was about 0.5 mdd at 500C. Both the appearance and C.R.
confirmed that the Al specimen was also corroded by distilled H2O used.

Unless HyO is not pure, Al metal will not be corroded [25]. This 1s

indicated that distilled water used in the test, was insufficiently clean, It
' also corrode aluminium

the Al specimen itself
Sn, etc, which these

were noble metal, lation to aluminium

corrosion in form of galVani¢ attack. Tn' the H,O-aluminium system, it was

320, + 6e'+ O OH (4.5)

4“_'::1‘ By i
¥ - e ¥
L

surface, according to the fo

- aAunMiEnIwes
i R oS 1 o a1 Vi
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Figure 4.35 Phg Fa_ﬁh g’}fuﬁving surface of the corroded
“spéci __pr__li'jfmmjé:gsg_d in the H,O+150ppm HCI
Solution.for 890 Hat 500C.

¥ | on 4 d
@

Figure 4.36 SEM photograph with magnification of x60 showing

the same corroded surface as that shown in Fig.4.35
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Figure 4.40 showd that the characteristics of the appearance on the
corroded surface were in pitting form which tended to grow in depth more
than in width. The location of pits at the initail time was the H'-enrich
area which the H1-ion reduction occured at the adjacent area to balance

electron from the oxidation reaction (eq.4.6)

3HY + 3e- 3215 (4.6)

Figure 4.37 Photograph illustrating surface of the corroded

specimen immersed in the saturated Hg-

cyclohexane solution for 890 hr at S0°C.
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1)

r r i d
Figure 4.38jSWM’thtOgré}lh‘_with mag. x60 showing the
samg surface of the corroded specimen as that

shown'in-Fig. 4.37 1,

ol T

Figure 4.373 Showed the g;)_peélyanqqs ~on surface of the Al
specimen corroded by the Hg-in-cyclohexane solution There was a big
black hole appeared on the edge, this corrosion characteristics made it
seem to be in the form ofitting. Howewer, if the hole in Fig 4.38 were
consisdered in it was found!that ¢orrosion in thé hole alsodended to grow
in width because the hold is expahded to theight hand side: This was
believed“that'the corrosion resulted ftom /HgO left in the solution because

elemental Hg dissolved in cyclohexane was old and not shine, meaning
that Hg had formed oxide with Oy in air.

The second group was to study how Al was corroded in the DMM

solution system, asorganized in table 4.6.



Table 4.6 Details of Figure 4.39-4.46 for Al corrosion discussion

Corrosive solution and visgyal Scanning
condition for exposure of Al- observation image from
test specimens SEM
Absolute methanol, for 89 9 Figure 4.40
at 50°C (blank test) , _../-'-- (X60)
Petroleum ether, at V | Figure4. Figure 4.42
890 h (blank test) ‘ N (x60)
The absolute CH3 8 A | Figure 4.44
150 ppm solution, at e (x60)
890 h -
The Petroleum ether+DMM @r ; Figure 4.46
150 ppm solution, at 50°C or MAZ =- (x60)
890 h &

«ti“iﬂ;‘r{,} /]

)

2

ﬂuﬂ’mﬂﬂi‘iﬁﬂ’]ﬂ‘i
QW']ﬁNﬂ‘iﬂJ UAIINYAY
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Figure 4.40 SEM photograph with mag. x60 showing the

appearance on the same surface as shown

in Fig 4.39

89
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From Figure 4.39, the appearance was not found on the specimen
surface and Figure 4.40 also supported that absolute methanol did not
corrode the Al specmen, eventhough it was exposed for 890 h. All of
scratches from abrasive paper were still appeared nicely on
photomicrograph Its C.R. was about 0i43 mdd (at 50°C), which was very
low with relative to the corrosion resulted from the CH30H+DMM

solution to be deseribed next

Figure 4.41 and™ 42 showed the surface of specimen that was
immersed in pure PE for890h at SOOC;_ which was also another blank test.
Corrosion was found a liftle/ which its g'\'/erage weight loss was only 0.15

mg

Figure 4.41 Photograph illustrating the corroded surface of

Al specimen immersed in pure PE for 890 h at
500C.
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ance on the same surface as
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Figure 4.44 ‘  M p Hot_pgﬂaph with mag.x60 showing the
co rosion appgtapce of the specimen surface

shov nmlj’fg-‘»(};_‘

_--‘.'

Figures 4.43-4.44 s.hoWed the; “corFosion appearance on the
specimen surface, umjlersed in the CH3OH + 150pp1§ ]DMM solution for

890 h at 500C. Its c‘ﬁaractenstlcs was obviously mr\tﬁje form of pilting.
Both characteristics, lafge holes and small pits, were distributed uniformly
over the whole surface,, When compared-Fig 4.44,to.fig.4.34 the specimen

immersed in distilled HzO, “similar 'small ‘pits were found on both figures,

but no large hole was appeared in Fig 4.34. This result impliéd that small
pits in this Systerh' night be tomroded by HoO comtaining) i absolute

CH30H 1(0.003%), whereas large holes were resulted from the
decomposition of DMM into elemental mercury, desiribed previonsly.
Heat together with the presence of a hydrogen donor, such as CH30H, in
the system could easily accomplish the reaction according to equation (4.1)
and the elemental Hg generated could corrode the aluminium [11]. From
table 4.2 showing \;arious components of the aluminium specimen used in

the test, Mg metal was the most component.This was interesting question
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on whether those large holes may be caused by corrosion of Mg metal or

- * * 2

Figure 4.45" Phot gx;}iib slﬁa%w;ng the surface of corroded

men immersed in the PE+150ppm DMM
solution for 890 @ﬁﬂoé

i

- ' -:H. 1 P o T P AR
Figure 4.46 SEM photograph with magnification of x60

showing the corrosion appearance on surface

shown in Fig 4.45



From visual check, it was found a few pits on the surface similar
to the corrosion result obtained from the immersion of aluminium
specimen in the CH30H+150ppm DMM solution,see figures 4.45-4.46.
Basically, PE heated together with DMM, it may act as hydrogen donor for
the C-Hg bond cleavage reaction corresponding to equation (4.1) and the
elemental Hg generated continued cg ing .Its corrosion rate were about

0.086 mdd (at 50°C),which : to that corroded by the
CH30H+DMM solution at the

eni .0689 mdd).
~— i

Table 4.7 Details of M rosion rate discussion

"
Corrosive solutions ition :‘ nal Micrograph
for the exposure test of me J Ak n from SEM
1. Exposure in PE+ by u:;‘:,, igl év Figure 4.48
ppm+HCI 150 ppm sol vaigis (x60)
temp. between 10°-30°C for @— Eo N Figure 4.49
2. Exposure in PEYDAIM 150 1 F ) | Figure 4.51
ppm+HCI 150 ppm l ary m (x60)
temp between 10°-30°C for 763 h Figure 4.52
¢ a B L (x600)

3 ¢ o @
ARIANNIUARIINE IR Y
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Corrosive solutions and
conditions for exposure of Al

specimen

visual

observation

Scanning
image
from SEM

3. Comparison between
immersion in PE+HCI 150
ppm solution and in PE+DMM\
150 ppm+HCI 150 ppm.___,

) ——

solution,for 763 hr at

4. Exposure in the P
150 ppm+DMM solution, v

concentration of D

between 100-250 ppm, fi A
hr at 30°C W A

5 Exposure in

PE+HCI+DMM solution Pty
[DMM] = [, m'S" cr? R

[HCI] :

———

Figure 4.53

W//

Figure 4.56
(x60)
Figure 4.57

conc. of DMM (HCH):
0.15, 1.5, 15 and 15 "

600)

679 hr at 30°C
6. Exposure 1 u E
150 ppm+H

solutio
betwee

‘F’FJ“W%J’](JT i

‘%ﬁﬁiﬂ‘?m URIINBIA Y

¥ ¢ Exposure in the PE 100
ml+DMM 150 ppm+H20 50
ml+HCI 150 ppm solution, for
100 hr at 30°C (two phase)

Figure 4.61
(x20)
Figure 4.62
(x60)

Figure 4.60
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D 4
Figure 4.4

ﬁprﬁ HCI 'soluh‘gp for 763 h at varied
teiﬁpemature of fest-'})etween 100C-300C

o 5 R P
7Y i

8 SEM photograph w1th mag x60 showmg the

appearances on the surface shown in

Figure 4.47 in detail

96
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Figure 4.49 SEM ,pho-_tbgraij}; with mag.x600 showing the
dppearance on the surface shown in Fig 4.47-4.48

2k

The corrosion result 11 Fig 4.4-7_#4’.48. was higher than that shown in
Figure 4.42,which was corroded by pure PE_ Cleadly, HCI is an agent to
corrode. The corrosion appearance seemed to be more uniform than pitting
because it is distributed over the whole surface area, not at local. When
consisdering Fig 449 ;with, magnification of. x600,..it_was seen that the
corroded area was Covered’ by passive film ‘and-some! of that film was falling
off, The_specimen then revealed a lot of smalk pits. If comparing corrosion
results by PE+159 ppm [HCI, solution’ to that by CH;O0H+150 ppm HCI
solution in Fig 4.67 showed that the former was corroded widely and covered
all of the specimen surface, whereas the latter was somewhat grew in depth.
Although HCI was less soluable in PE than in CH;OH, PE showed wetability
on metal surface better than CH;OH. It was then it is believed that this effect

enhanced corrosion of PE+HC]I solution on Al specimens.
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Figure 4.50 Pi otdég‘;l'ph:,‘illu&ti‘ating the surface of the corroded
£ rF #ia
spgeimen immersed in the PE+150ppm DMM
+f5(!rppm‘jiCl é‘:jb.!fion for 762 h at 30°C.

é | - o )

Figure 4.51 SEM photograph with mag.x60 showing the some

appearance on surface as that shown in Fig 4.50
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Figure 4. 52 SEM photogra'bh with mag.x600 showing the
appearance of thg corroded surface shown in

Fig/.5Lin detallé'-v

s > A4

The corrosion appearafice 0n A-i:‘spécimen surface shown 1in fig 4.50-
4.52 was rather simwar-to-that corroded by the PE+150 ppm HCI solution
(without DMM), but it was corroded broader and deeper. This appearance was

rather in the form of ufiifform corrosion

The HCI originally used-to dissolve in"PE’composed of HCl 35.6%
mass, therefore,.there would.be H,O.more thart250 ppm mixéd together in the
150 ppm'HCI in' PE solution piepared. The antount 6£ H,Odthus/took part n
the corrosion reaction. As mentioned in the corrosion results of CS specimens,
DMM could react with HCI to form CH;-Hg-Cl or HgCl,, which continued

reacting with aluminium metal to form elemental Hg (eq. 4.8)

3HgCl, + 2A1 — 2AICl; + 3Hg (4.8)
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and the elemental Hg generated then formed amalgam with aluminium metal,

as illustrated in the following reaction ;
Al + Hg —» AlHg (4.9)

If water was existed, the amalgam weould further react to give Hg's.
o
2AlHg + 6HpO-—> 2§1(OH73?£3H2 +2 Hg (4.10)

B ™ -
The elemental Hg gme{

corrosion process bec

Avould, attact the specimen repeatedly. This

efe if it is not that because amount of water

o -

y 3 \ ; >
rrosion rate of this.corrosive system at 10°C
oie than digt'i)f the system without DMM at the

L =J‘JF
same temperature (see the@ppendix C). s &

was not constraint to rgacti

was 10.4 mdd, which w;

Figure 4.53 Photograph illustrating the corroded surface
immersed in the PE+150 ppm HCI solution in
comparison to that immersed in the PE+150 ppm

HCI+150 ppm DMM solution for 762 h. at 309C.
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Figure 4.54 Phato graph i_;iusb:a‘iing surface of several corroded
specifhefis immersed in the RE+150 ppm HCI+DMM
soldtion for 677 h af300C. by varying the DMM
concentrdtion betwﬂ;‘%ﬂ-zso ppm (50, 100, 150,

200, 256 ppin). e

,.,'1‘
_.iz'

Figure 4.53 §{wwed surface of the corroded A:T specimens exposed in
the PE+150 ppm HCI" solution for 677 h at 309C~in comparison to that
exposed in the PE+150 ppm-HCI+150,ppm-DMM, solutien for the same period
of time and tempgratiré=~ Two pieces on the left hand side were exposed in the
PE+150 ppm HCI solution and two on the rightiand side weré“€xposed in the
other corrdsive solution: | It was eledrthat the specimen pait ‘exposed in the
corrosive solution with DMM appeared much more small pits which were
broader an deeper. Their corrosion rates shown in Fig 4.93 in the next secion
supported this conclusion because their corrosion rate were higher at virous

exposure temperatures.
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Figure 4.54 showed the appearances on surfaces of several corroded
specimens exposed in the PE+150 ppm HCI+DMM solution for 677 h at 30°C
by varying concentration of DMM between 50-250 ppm. Such appearances
were rather similar to that shown in Fig 4.51-4.52, that was uniform corrosion
with lots of small pits. All of the spécimens showed the similar appearance,
thus it indicated that the variation of DM‘M;'conpentration was not affected on
corrosion, which the C.R Galenlated and shown"in Fig 4.94 would supported

results of these appearances.

Figure 4.55 Photograph showing the surface of the corroded
specimens immersed in the PE+HCIHDMM solution
with [HCI] : [DMM] = 1:1 for 679 h at 30°C
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Figure 4.56 I\f ghetoﬂgra]_)’h with magnification of x60 showing
{thﬁg‘/ajipﬂe‘a'rar‘lcesbpﬁ surface of the corroded
speﬁmkns jinlneif‘fsjgd;in the same corrosive solution
a'that in Fig 4.55or 679 h at 300C.

Figure 4.57 SEM photograph with mag.x600 showing the

appearances on surface shown in Fig 4.55-4.56.
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Figures 4.55-4.57 showed the appearance on surface of the corroded
specimens exposed in the PE+tDMM+HCI solution with [DMM]:[HCI] = 1:1
for 679 h at 30°C. The DMM concentration was varied as follow 0.015, 0.15,
1.5,15 and 150 ppm. The reasons for using [HCI]:[DMM] equal 1:1 were that
the appropriate ratio of DMM to HCI affecting to break the C-Hg bond of
DMM [19] was equal to 1:1. Another was Jaccording to the conclusion of Fig
4.54, which it was stated that the valiati&f of DMM concentration did not
have any effect on corrosion results. When considering Figure 4.57 in detail,
small pits was found om the serface, which ifs passive film was falling off.
This was little corrod€d d dxfﬁu&lt to identify whether it is uniform

corrosion or pitﬁnWoswn rate, of this corrosive system changed with

concentration of D hiwas desc.ubed later 1n the next section

Figure 4.58 Photograph illustrating the surface of the corroded
specimens immersed in the PE+200 ppm DMM
+150 ppm HC! solution for 444 h at 30°C by
varying RPM agitating the corrosive solution

between 0-1200 rev/min
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Figure 4.59 SEWF photograph with mignification of x600 showing

the appearance on surface of the corroded specimens

exposed in the same corrosive systeni‘as that in Fig 4.58

Figures 4.58-4.59 showed' that the 'appearances were somewhat
similar to_ that obtained by the corrosive systentwithout agitatien shown in fig
4.50, but'its 'smalb pits lwas: broader! because dt was.not only._corroded by
HCI+DMM but it was also reinforced by the effect of errosion corrosion due

to agitation
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Figure 4. 60 P{h’otdgraph of t)le'corroded surface immersed in the
150 ml corrosxve]solntlon composed of 100 ml PE+50
o H20+200 ppm’"rDDM+150 ppm HCI for 600 h at

Flgure 4. 61 SEM photograph wnth mag. x60 of the same corroded
surface as that shown in the Fig 4.60 for 600 h at

ambient temperature.
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The 150 I_nl-corrosiye; 'é]olutiof;ﬁsfd for the test was prepared by
dissolving DMM ifg 200 m! of PE and HClin 50 mi:df:H,0, and mixing, both

solutions together to-Gbtain final solution according {0 the required DMM/HCI
concentration. It was appeared that this corrosive solation was immiscible and
separated into~two, phages, »therefore the. exposed specimens showed two
appearances on' stirface &s 'in 'Fig' 4.60. " Figures |4.69-4.62 indicated its
appearances_in_detail, Two_small basins were. found on the surface at the
interphase oft H,O=PEywhickl wasicertodad by merchry (seefig A.50). The part
of surface immersed in H,O appears the appearance similar to that corroded by

H,O and HCI (see Fig 4.34, 4.36).

The following corrosion results were obtained by exposure of the
aluminium specimens in corrosive solution using absolute CH;OH as solvent.
Their results, both the corrosion appearances and reaction rate, were very

interesting. The analysis of heterogeneous reaction in this system showed that
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absolute CH;OH was not only the solvent but, it also reacted, with corrosion

product which led to the loss of Al specimens enormously.

Table 4.8 Details of Figures 4.63-4.82 for aluminium corrosion discussion

Corrosive solutions and conditi photomicrograph
for the exposure test : form SEM
1. Exposure in the CH; : Figure 4.64 (x60)
solution, vary temper: Figure 65 (x600)
60° C
2. Exposure in CH;OH+200/pj 9
150 ppm HCI solutiofl, - u rture, |4 .
between 10°-60°C W/l fsj’:‘,{ "‘ B\ .
2.1 temperature 10°C-20°C/°~ | Bigure 4.66 | Figure 4.67 (x60)
2.2 temperature 20°C-60°C Figure4.68(x600)
% /| Figure 4.69 (x60

3. Comparision o

: .. L -
specimen exposed in~ 150 ppm CH;O0H

v ikl ﬂ‘ﬁm NN

Qﬁﬁﬂﬁﬂ‘im UANINYIA Y
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Corrosive solutions and conditions forthe | visual

exposure test observation

photomicrograph
form SEM

4. Comparison of corrsion results of igure 4.71

specimens exposed in the CHyOH+ 15
ppm HCL+DMM <150 ppir
that exposed in the CHs@
DMM+DMM> 150 ppmi's

5. Exposure of speciméns 4
+HCl 150 ppm +
solution, vary RPM agj

WL

Figure 4.73 (x40)

6. Exposure in the CH;C

% Compan'sion of co - ‘1
specimens exposed in th; gH3OH + H,S

saturated + 20 w\ﬂ{mﬂ wlfj
¢

that exposed in the CH;OH

W

(No DMM)
Figure 4.76 (x60)
DMM)
igure 4.77 (x60)

A T R T Y

:F ﬁﬁ 78(x600)
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Corrosive solutions and conditions for visual photomicrograph
the exposure test form SEM
observation
8. Comparison of corrsion reaction Figure 4.79 -
specimens exposed in
absoluteCH;OH+HgCl, s
—
exposed in the ether + Hg@
30°C
9. Comparision of cor -
specimens exposed in th _
ppm HCI1+200 ppm DMM s¢
that exposed in the DMSO
DMM + Dioxane + 150 ppn
solution, at 30° C
10. Comparison ofc‘jir ion res .
specimens exposed
150 ppm + DMM 200%) |
those exposed in the CE }OH + H,S 300
& o
ppm + DMM | [ 1la¥al
AN, k} 1| d
11. Compare thejsurface of igure 4.

o, RREErTEN I N g

solutions

l.CH3OH+150 ppm HCI1+200 ppm DMM
2. CH30H+300 ppm H,S+200 ppmDMM
with that before test

R Y
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Figure 4.63 Pliotogy aph of‘she. corroded surface of specimens
e sed in the CH3OH+150 ppm HCI solution
v{ned témpelf_?}ure between 100-600C

Figure 4.64 SEM photograph with mag. x60 showing the

appearance on the same surface as that shown in

Fig 4.63
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Figure 4.65 SEM photograph with magnification of x600 showing
the gzppéararrice oﬁj';hg same surface shown in Figure
4.63-4464 in'detail L

de E'_j"_!

Observation of HEE solubiliig;:-ih CH;0H indicate that HCI
dissolveed in CH;;OH;;ycxy.,well, then corrosion resultsssiiown in Fig 4.63-4.65
should be caused by PICI. The characteristics of the corrosion shown in Fig
4.64 was large pits which were certainly developed to the form of uniform
corrosion because the gorrosion was;more gxpanded in width than in depth.
The corrosion ‘process—of ‘aluminium ‘spectmens’ caused by the dilute acid
solution was accomplished by self-stimulation from oxidation=réduction of the

system as the following:
Oxidation at anode : Al — » A3t +3e" (4.6)
Reduction at cathode : 3H™ + 3e- — 3/2 H, 4.7)

or if O, was available in the solution,it would also undergo the reduction

Process -
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O, + 4H' +4e- —— 2H,0  (4.11)

Any point on the surface that was exactly attacked by H' ion became pits, that

was the anode, and the adjecent area to the pits, which occurres reduction, was
cathode.

Figure 4.66-Photograph showing the surface’of the corrode

specimen immersed ifithe CH;0H%150 ppm HCI
+200:ppnt DPMM solution, which the exposure

temperature was varied from100-60°C,
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Figure 4. 67 SEM photograﬁh with mag. x60 showing the
appéarance on the same corroded surface immersed
in the CIJ30H+150 ppr HCI+150 ppm DMM
solutiort atiempemmre,lower than 20°C.

e~ L - .

Figure 4.68 SEM photograph with mag.x600 showing the

appearance on the same corroded surface as that

shown in figure 4.67 in detail.
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Figure 4.65 SEM otf’graph wxsly mag.x60 showing the
appearaﬁ:lce on surfaoq of the eorroded specimens
|mmerse9 in the CH3@H+150 ppm HCI+200 ppm
DMM solutiei: at the exgmsure temp. higher than 200C

Figure 4.66 showed-the-suitace-of six-comroded aluminium specimens
exposed in the CH;0H+150 ppmHC1+200 ppm DMM solution by varying the
exposure temperatures as 109, 200, 300, 409, 500 and 60°9C. Their corrosion
results, both the-appeagances and gorrosion gates; were-quite different (see fig

4.2-15 in sectiom4.2). A pair of specimens on the left hand side below, which

were immersed in the solution at, 102C, just.showed the corrgsion appearance

as small pits, wheréas the othiers,"which immersed at temperatute’higher than
200C were too much lost in weight and corroded all over the whole surface.

This implieed that the corrosion reactions of both system may be different.

Figures 4.67-4.68 showed the appearance of the small pits in detail, which was

somewhat similar in shape to that corroded by the CH;OH+150 ppm HCIl

without DMM, but these pits were broader. It was believed that if this
corrosion took longer period of time than this, these pits would be greatly

corroded until its appearance becames uniform corrosion. Figure 4.69 showed
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the appearance on surface of the corroded specimen exposed in the corrosive
solution at the exposure temperature higher than 100C. It was clear that its
appearance was completely uniform corrosion. From the observation at the
reaction flask during conducting the experiment, it was evident that corrosion
reaction of the system (higher than 20°C) severely occurred, there was a large
amount of gas evolved and corrw }uct fell off from the specimen to the

bottom of the reaction fl comparing with the system

undergone at the temp. lo 20°C d that both of these were

different completely beca was no ch in the latter

(4.8)

When the elemental mereuly-wts.gcm’ﬁ{galfamaﬁon of aluminium

should be follow [1 J

HQ+ PR v Ang a (4.9)

e By W AT AN T e e
>R T A n e A

2AIHg + 6CH;0H — 2A1(OH); + 2Hg + 2C,H 4.11)

However, absolute methanol could reduce aluminium amalgam more severe
than H,O. It was found at the same temperature the reaction occured severely,
and elemental Hg generated would circulate to attack the aluminium again.
Now,it was accepted that absolute CH;OH not only was solvent, but it also

became the reagent for corrosion reactionas well. However, at temperature



197

lower than 10°C, this corrosion occurred very slowly no matter how long. it
took .This was indicated that reaction according to equation (4.1) could not

accomplish at low temperature.

< [§

Figure 4.70, Photogfaph showing the differences of the corroded
speeiméns surface inimersed in'the CH;0OH+150 ppm
HCI solution from those immersed in thesCH;OH+150
ppni DMM+200 ppm DMM solution at 300C
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Figure 4.71 Photograph s Hm&in‘éftﬁe differences of corrosion
results of the gi{ecij&p,corroded by the CH30H+150

ppm B +lo_n___v"£;i'-th'£g“50 pgm DMM solution from
those cOrrfi&ﬁj by thEH;; H+150 ppm HCl+higher-

than-150-ppri DMM sohution at 30°C
2 Vi

Y - - ———— - o
- -

wd

A pair of the-corroded specimen on the rigﬁf hand side in Fig 4.70
were immersed in the €H30H+150 ppm HCI solution’(without DMM) for 142
h. It appeared Jlotscof smallpits)distiibuted gverthe-whele-surface area, which
this corrosion was resulted “from ‘the ‘attatk by HCI, wheréas the other pair of
specimens were immersed in the CH30H+150 ppm HCI+DMM solution at the
same exposure témperature. In'suchia corrosive systemi, the specimens were
attacked by the corrosive media-DMM severely, which its weight was lost
approximately 1.16 g (more than 50%) within 53 h only. Now it was accepted
that DMM together with HCI could promote the corrosion on aluminium metal
much more severely than HCI alone. In Figure 4.71, a pair of specimens on the
right hand side were immersed in the CH30H+150 ppm HCI+200 ppm DMM
(more than 150 ppm) solution and appeared the severe corrosion like the pair

of specimens on the left hand side in Fig 4.70 (solution with DMM), whereas
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the other pair wasimmersed in the solution with DMM 100 ppm (lower than
200 ppm) and appeared the corrosion as small pitsonly. This implied that the
achievement of severe attack on the specimen by DMM together with HCI1 was
depended on both expusure temperature and concentration of DMM. Usually,

adding HCI into DMM forms the following result [19]

CH3-Hg-CH3 + HCl —» CHzHg"-Cl- +CHy 4.2)

and the following reversible reaetion E;Jan also bé occurred [15]

g
r e

o - d"!

CHj-Hg-Cl + GHAHg (- Hg2¥Cly + CH3-Hg-CH3  (4.4)

Frlad
5 r -.’1.

al ,Specit tion 1
)A l—’h p cg}e}gs as mentioned previously
! i

The HgCly will attac

ad

Figure 4.72 Photograph showing surface of the corroded
specimens immersed in the CH3OH+HCI 150

ppm+DMM 200 ppm solution with varying RPM
agitation between 0-1200 rev/min at ambient

temperature
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Figure 4.73 SEMplibtograph wwh magmﬁcatlon of x60 showing

the cavntdhon on lowei; surface of the corroded
specnmen immer sedjngle CH3OH+150 ppm HCI+200

wp_'i)anlMM_solnﬁaxLagitatciM,rpm for 127 h

X r

Figure 4.72 Showed surface of the corroded specimens exposed in
the CH30H+HCHDMM $olution, with, agitation, between 0-1200 rev/min. A
pair of specimens on~the“right “hand' srde’ below ‘were “resulted from the
corrosion. of solution without agitation (0 rev/in), Its corrgsion appearance
was in the form of geneéral cofrosien which the sarface.wasirough.The pairs of
specimen on the left hand side below and upper were immersed in the solution
with agitation 300-1200 rev/min. Its corroded surface was found from visual
check that there were less roughness on the surface than a pair of that on
theright hand side as mentioned above, and that these surface characteristics
were large basin and cavitations on local area on which the solution flowing to

impact, for example, on the lower surface (specimens were hung vertically).
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Photomicrograph on Fig 4.73 showed the characteristics of cavitation very
obviously. These cavitations were resulted from impact and breaking of the

solution bubles generated by agitation of magnetic stirrers. When the bubles
impact on some points on specimen surface, it was broken and destroyed the
protective film at that point, which revealed new grain of aluminium to
corrosive solution again. As a matter fact, cavitation was one form of errosion

corrosion

Figure 4.79. Photograph'showing surfaces of the corroded
specimens immersed in the CH3OH+HCHDMM

solution with4HE€I1]:[DMM]|=1:Lby varying conc. of
DMM as 0.015 ppm, 0.15 ppm, 1.5 ppm, 15 ppm and
150 ppm

Figure 4.74 showed that the corrosion result was appeared to be some of pits
with shape-like pits obtained by the CH;OH+150 ppm HCI+200 ppm DMM
solution (see Fig 4.66), but the numbers of them were much less. The less

concentration of DMM, the less numbers of pits
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Figure 4.75 &
s[)e’c gfnas lmm'prsed in the CH3OH+saturated
ﬁ2S+100 ppm ﬁMM solution in comparison with

tHat immerséd in the solution without DMM for
133 'h atambient ;tf_n;iéerature

Flgure 4.76 SEM photograph with mag.x60 showing the

appearance on surface of the corroded specimen
immersed in the absolute CH3OH+saturated HyS

solution at ambient temperature for 183 h
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Figure 4.77 | vM“'ph"otoigraph with magnification of x60 showing
1 &
the appearanceon surface of the corroded specimens
exposed in the @3"0H+saturated HS +200 ppm

DMM solution afji'_tgbient temperature for 133 h

Figure 4.78 SEM photograph with mag.x600 showing the

appearance on the same surface of the corroded

specimens as that shown in Fig 4.77 in detail
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The corrosive solutions used in the foregoing tests were solutions of
DMM in absolute CH30H and added with 150 ppm Hcl to break C-Hg bond

in DMM to give clemental mercury which was active to the corrosion reaction

of aluminium specimens. The corrosion occurred drastrically, for example, at
300C the CH30H+150 ppm HCI+200 ppm DMM solution corroded the

75.9 milligrams/sq. decimetre/day'

aluminium specimens approxma\et]
(mdd), which was about 40. fimes !

without DMM (see these dlh;ﬁle a pé l L) The corrosion test in Figure
reakmg-.C_—LIg bond of DMM. It was

4.75 used HpS in SW X
appeared that it ha sttt/ ot ni;mal to. EM corrosioon A pair of

upper are comded. Q’ the CH3OH+saturated
—'ch a‘p"‘ cared a few small black pits on the

that corroded by the solution

surface. Photomicrograp odif ed %60 i ' 45 76, showed the appearance of
. ' i ’ A
i ecimens immersed in the

CH3OH+saturated HpS+20( M sol ion, the corrosion results shown

J-.—.,.-.

in Fig 4.77 were severe as we‘l!-as that oede by the solution with HCI and
its corrosion rate was aboul;d&QQ m}i@added to break C-Hg bond in

(4.3): _— T
CH3-Hg-C‘I-£3 +2HaS ——» Hg2+(SH'H +2CHy (4.12)

Hg2t-(SHY)) %Mﬂ thlm mjim EJ :LQ grroding aluminiun
g S

“Whisker”, porous deposited to the specimen surface,and corrosion
products, yellow and gray color,fell off to the bottom of the flask. This was
believed that the corrosive solution added with H»S occurred the circulation
reaction of corrosion as that accomplished by HCl. Figure 4.78 with
magnification of x600 showed the appearance on the corroded surface in

detail, which it was obviously appeared in the form of uniform corrosion.
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Figure 4.79 €outpari on of the Al corrosion reaction undergone

with that: ;ndevgone in the DMSO+200 ppm
+Dwxane~d,’50 ppm HC1 solution.

’,»

Figure 4.80 Comparison of the Al corrosion reactions undergoné

: iR CF 30 H+153) ppm HCI+-200 ppm DMM solution

in the absolute CH30OH+150 ppm HgClj solution with

that undergone in the Ether+150 ppm HgClj solution.
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Figure 4.79 showed the corrosion reaction on aluminium specimen
by the CH30H+150 ppm HCI+200 ppm DMM solution in comparison with
that by the DMSO+150 ppm DMM+Dioxane+150 ppm HCI solution. From
the observe at both systems all time, it was found that the corrosion reaction
occurred severely only in the former, which absolute methanol disappeared
within about 60 h, whereas the co e latter was slowly, which no
corrosion product appeared ang gas ‘:%sght, until one week ago a few
pits shape like pits shown-m.,ﬁg 4,74 d These implied that both

H +C12‘mcqugng to equation (4.2) and
/fdrher "system could accomplish the other

| the equation (4. 11), whereas the latter can
CH@ ' upports the reaction according to

;',.r éﬁi}

corrosion systems cou

<

(4.4) successfully,

contionous reactions

equation (4.11)

o .-;r l:\. f;j i# L
) el 2 a . 4

Figure 4.80 showed -the ofosion reaction on the specimens

corroded by the CH30H 50:‘,@' H@luﬂon in comparison with that

corroded by the etheﬁHgCleﬂﬂmoq ﬁfm-found that the CH3OH+HgClp
N\

solution occurred(" seveie o oii—-aluminium like the

CH30H+HCI+DMM -solution, that ! ei. HCIHDMM can form
Hg2*Cly- in solutlon“‘éuccessfully If the corrosmn‘“ieachon occured by the

CH3O0H+HgC Hi f‘ﬂ by the CH3-O-
CH3+HgClp, 1 ﬂi{ (ﬂfjﬂr c gj fjﬂﬁcause no reaction
appear }ﬁ ution,even a“few small black
pits. Etaumoﬁﬁﬁlﬁ iiﬁ k'eﬁ a,clﬁn%gl to equation

(4.11), then the reaction occurred little and slow.The value of corrosion rate
undergoned by the CH30H+150 ppm HCI+200 ppm DMM solution was

2075.9 mdd, by the DMSO+200 ppm DMM+Dioxane+150 ppm HCI solution
was 14.95 mdd, by the CH30H+HgCl, solution was 1179.5 mdd and by the

CH30-CH3+HgCly was 0.015 mdd. These value could support the foregoing

discussion.



, o@{gi'aph shbWing surface of the corroded
sp,kmens lmng;rsed in the CH30H+150 ppm

Figure 4.81

HCH-ZOQ ppn ﬁMM solution in comparison with
that intmersed m'ﬂﬁe CH30H+300 ppm H7S+200

ppm-BMM solution.

Figures 4.83+4.82 showed that the form of corrosion of the
specimens immersed m the CH30H+150 ppm HC1+200 ppm DMM solution

was similar to that, immerséd. in the CH30H+300 ppm HpS+200 ppm DMM

solution, which,were ‘uniform corrosion” The corrosion rate values of these
systems, which were shown in the appendix C,“were also very“elose each other
(HpS =29785,mdd, HCl 267595 mdd).| A few| furrows appeared near the
hole for mounting was another form of corrosion, it is called interganular
corrosion. This corrosion form was caused by enrichment or depletion of one
of the alloying elements in the grain boundary, which made grain boundaries
and area adjecent to it weak for being attacked by the corrosive solution in
comparison to grain matrix. From table 4.2, it was found that there were lots
of alloying elements in aluminium specimen, those were little amount of

compositions. One that was worth noting was magnesium. The reason for
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appearing intergranular corrosion was that drilling holes for mounting on
specimens was made without cooling simultaneously, which made specimens
too hot. Thus its grain matrix and grain boundary may be deformed and makes
residual stress left in the area near and around the hole, which made the area
be attacked by corrosive solution easily. When specimen was heated during
drilling, some compositions, such as Fe, Mg, would move to grain boundary
and form oxide with O, . This mades quanfiiy of Fe and Mg in grain boundary
differed from in grain matwix, Which cgnsequenﬂy made grain boundary weak
to be corroded by the solution:

i

Figure 4.82 Photograph showing the surface of the corroded
specimens immersed in the CH3OH+150 ppm

HCI1+200 ppm DMM solution, those immersed in
the CH30H+300 ppm HS+200 ppm DMM

solution and those before test
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Environmental Effects on Corrosion Result of Test Specimen
1. Corrosion Rate of CS Test Specimen

1.1 Effects of Temperature on Corrosion Rate of CS Specimens

In order to report thg‘C%\Q\nI// Ete corroded by DMM solution

more obviously, the following corrosive uch as, CS-HpO, CS-HCl in

water, CH3OH, and PE, weiere; rtJ ﬁ@aﬂson to that corroded by
DMM solution. All ofse6iosios % btait an'ous corrosive systems
were collected in th X agtqé'*qﬁected to corrosion rate
such as temperature locity of corrosive solution, were

4 {4 [ 5 . ’ £ .
For the corrosion rate oﬁ@S’. _ xposed in various corrosive
o

solutions in Figure 4.83, 1 wéé-‘ibund dtrosion results by those were not

the same The corrosion rate fésulted ﬁ'm-amd solution (150 ppm HCI in
H»O) provided thei. 1 hest value which its valu in an interval of 20.85-

er medias, those were
+HCl, and the remaing

82.11 mdd. For the cz-roswn Tate res
descended in order, “from HpO, CH3OH+HC1

solutions providi L ch other. Besides,
the dependedt@l‘er Da)m!ﬁ i"ﬁ&[‘j‘n ous medias were
not the osion rate of
specnne aﬁiﬁbﬁiﬁ ?ﬁﬁﬁﬁﬁm&iﬁjwed by that

corroded y H»O. Those corroded by the remaining solutions were not

significant. It wass clear from the Figure 4.83 that the corrosion rate resulted
from the acid solution(HyO+150 ppm HCI) increased exponentially with

temperature. This was in agreement with the findings of Uhling [26]. Usually,

the cathodic reductions on metal corrosion by aqueous acid solution occured
freely and was not necessary to depend on O dissolved in HyO, according the

following reaction:
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2H* +2e- — Hp(g) (4.13)

07 dissolved in HpO could also support this cathodic reduction by the

following reaction :

1/2 09 + 2e~ + HO 20H" (4.14)

140

120

100

™ CH30H
+P
;‘ +HCI
1l PE+HCI
™ CH30H+H20

2 [382:%0
VEREH

0_5
0 10 20 30 40 50 60 70 80

Temperature (C)

Figure 4.83 Effects of temperature on corrosion rate of carbon
steel specimens immersed in various corrosive

solutions.
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Therefore, while the exposure temperature was increasing at any time, even O,
could always escape from theflask, its corrosion rate still increased with
temperature by equation (4.13). This causes corrosion rate of the metal-H,O

corrosion system slighly increased as the exposure temperature increases

In the case of corr%}& MI/E ;EHHSO ppm HCI solution, in
addition to the low conosi@ ts gep »on temperature was also low
because by nature, CH di and dissociates HCl and O,

1e

e

than water, either H' i

e %SS specimens very little
yarison to CH3 OH/H)O. This

The PE+150
because HCI dissolved 1

with specimen surface,
opportunity wasslightly

reduced the oppo
however, when tempera

increased

Figure 4. 84 showed the | ' '6 oh corrosion rate of the

corroded specimens immersed i : spm DMM solution in
: I ; >t o T

comparison to that 'ei)noded by the CH3OH+156h ppm DMM+150 ppm

[
HClsolution. Fj gﬂ gﬁ .ﬂ ﬂmﬁﬁﬁﬁﬁjﬁ 5 solvents, absolute
CH30H and PE, o osion. It ouitd that-bo m corroded the CS
e RS STTHE IR Y
_ : »
mdd at 5096, ac ﬁy Al i &) b\ ifhreased with
temprature, the effect of temperature on their corrosion was very low because
pure CH30H occurred very low oxygen reduction(eq.4.14). Furthermore, H,O
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Corrosion Rate (mdd)

18
16
14
12
10

SO N, AN o9 o

= CH30H m *Hpe m :

¢

e (AR} i

> CH30 1150 ppm + +HCI150 ' ppm+DMM 150p
LS et ¢ o _ o/

RNkl ]

Figure 4.84 Effect of temperature on corrosion rate of carbon

steel specimen corroded by the DMM solution
(CH30H+DMM, PE+DMM) without HCI in

comparison to that corroded by the solution with
HCI
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existed in absolute CH;OH was too low to dissolve. When the corrosion rates
caused by the CH30H+150 ppm DMM solution was compared to that

obtained by absolute CH3OH, it was found that the former was higher than
that caused by CH30H very obviously and also increased with temperature.
From the appearance on surface of the corroded CS specimen immersed in this
0), it could conclude that those CS

vere corroded by the elemental

solution in section 4.1 (in Fig 4.19-4.
specimens in the CH30H+DW ]
mercury dissociated fro ;By he ied to the system. As well-
‘ m ea"d W of DMM, then corrosion

qlveﬁi‘(xqsmn rate obtained by the

known, increasing tempera

oA
solutions resulted in the

¢ 4.89 and the corrosion

rate was also obviously ir rea.Sed m&rgpo ure temperatures. However,
from section 4.1, it wasevident that }h%og corroded the carbon steel
slightly in comparmFa with the ini n ses { .1, two reactions for
the acid cleavage of €-kg bond of D M were Etjaccording to equation
oty W

UL INLVGHEARE, o
AARART R HRA VW 0o

Both reactions (4.2) and(4.4) required the vigorous condition to overcome the

barrier energy, which the exposure temperature elevated in the those
experiments became the vigorous condition for promoting both reactions. In
addition to increase the amounts of HgCly according to equations (4.2) and
(4.4), the elevating temperature would also promote the heterogeneous
reaction on the surface of carbon steel. In the case of the PE+150 ppm
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HCI+150 ppm DMM solution, in Fig. 4.84, it could be concluded that the
corrosion rates of CS specimens were increased with the exposure
temperature.It was believed that the corrsion result caused by this solution
was low because of the low solubility of HCl in PE. Even though the
exposure temperature was elevated, HCI was still not be able to dissolve and

dissociate in PE more, which could 10t increase the amount of HgCl,.

Corrosion Rate

T Wﬂm‘%’wgm‘i” »

Tem‘perature (C)

AWTAN ﬂ%”mﬁW TMEE

—~ CHBOH
* CH30H+HCI 150 ppm = PE+HCI 150 ppm
> CH30H+HCI150ppm+DMM150 ~* PE+HCI150ppm+DMM150ppm

F>igure 4.85 Effect of temperature on corrosion rate of CS

specimens corroded by the acid solution without
DMM(CH30H+HCI, PE+HCI) in comparison

with that with DMM.
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Figure 4.85 was proposed to compare corrosion results of CS
specimens immersed in the CH30H/PE+150 ppm HCI solution with that in the

CH;0H/PE+150 ppm HCI solution. It was showed that the CH30H-+HCI 150

ppm+200 ppm DMM solution provided higher corrosion rate than the
CH30H+150 ppm HCI solution (without DMM) and its corrosion rate was

higher increased with the exp r peratures than the other corrosive
solution system , that is beca hm g bond of DMM with HCI to
generate HgCl, for starting ¢oiros mother interesting point in this

figure was that the PELDiV d less corrosion rate to

carbon steel specimesn solution, while those

corrosion rates caused oth’ of solutions still 1 ed with the exposure

temperature \ \N

The appe = \{‘face caused by the
PE+HCI+DMM solution i cti i J as si ilar to that caused by the
PE+HCI solution, but ed by Hg in cyclohexane.
therefore it was believed that ﬂwmp@cormswe agent in this solution
should be HCI rather than- elenental ‘mer dissociated from DMM

d-éarbon steel specimen
reacted with HCI to

break C—Hg bond a\, ordmg to equahon (4.2) and(4.4). These reactions
reduced the po m ight be CH; -Hg-
Cl or HgCl, omﬂ i‘ tﬂ Trﬁr‘i‘iym lower than HCL
This m ‘tﬁ Mi\ﬁl—‘ﬁ lower than
that cauﬁ m ﬁ &ﬁ% ﬁﬁ ﬂ‘ﬁ
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1.2 Effect of Concentration of Corrosive Media on Corrosion Rate

corrosion rate (mdd)
12

of .

0 IV BIL
O ‘206 250

)8 S oW A )

— CH30H+DMM —— CH30H+DMM+HCI

Figure 4.86 Effect of DMM concentration on corrosion rate of
carbon steel specimens corroded by the CH30H+150

ppm HCI+DMM solution in comparison to that
corroded by the CH30H+DMM solution at 30°C



137

It was appeared from Figure 4.86 that at 30°C the CH30OH+150 ppm

HCIHDMM solution provided corrosion rate of carbon steel specimens to
increase slightly with the DMM concentration. The corrosion rate at the first
point on the left hand side was ob ain y corrosion of the CH30OH+150 ppm
HCI solution and after DM]\/L_ | )pm), its corrosion rate became
higher and the more D lul 1t er corrosion rate higher up
to 150 ppm, after that it . . might be due to the limited

amount of HCI existi SOl 0l Howe r,.this corrosive system still
provided higher dependefi he DMM concentration than
the CH30OH+DMM sol pendence on that seemed to
be to increase slightly w his might be due to constant
temperature which limited/th¢ dis atior of DI M ot to increase, although

the DMM amount in thos¢

tended to be indepe : - ‘ecia]ly, the corrosion

rate of the latter was ;, he reasons may be due to

g itk | EJ%“"S’WWT%
awm\ﬂﬂmwnwmaﬂ
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corrosion rate (mdd)

Figure 4.87 Effect of DMM concentration on corrosion rate of
carbon steel specimens corroded by the PE+150 ppm
HCI+DMM solution in comparison to those corroded
by the PE+DMM solution (without HCI) at exposure
temperature 30°0C
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Table 4.9 Corrosion rate (mdd) of CS and Al specimens immersed in

various corrosive solutions, both with and without DMM at

100 and 30°C
corrosive solutions ' Temp. Corrosion Rate
O\ \ // Al specimen |CS specimen

CH;OH+150 ppm HCI 16.54 7.30
CH;0H+150 ppm HCI 746.40 9.90
CH30H+150 ppm H 7.76 5.83
CH;0H+150 ppm HCL 6.15 4.77
PE+150 ppm HCI 3.87 2.66
PE+150 ppm HCI+150 4.20 0.25
PE+150 ppm HCl 4.09 3.19
PE+150 ppm HCI+150 6.25 1.89

d y, in the case of the
orroded the aluminium

specimens much more cat
CH30H+150 ppm H +150 ppm DMM solution, i

specimens se This meant that
carbon steel hFT Mnﬁrﬁﬂﬁ? mm ﬂ ]g;m organomereury
together m a o ﬁ’ﬂ)uted in the
test speiﬁ:iﬁﬁﬂﬁ ﬁ ’olb wj] uted in the

standard steel test specimen, which it was mild steel but the test specimens

were carbon steel. It is well known that chromium added into steel in order to
improves its resistance to corrosion. This is the reason why the carbon steel

test specimens were corroded a little
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2. Corrosion Rate of Aluminium Test Specimen

The corrosion rate of he aluminium test specimen reported here was
devided into 3 groups based on corrosive solution as criteria, as follow:
1) Reference corrosive : H,O, aqueous agid solution (HCI)
2) Solvents : CH;OH, PE, CH;OH tHC I, CH;OH+H,S
3) Interested corrosive soluﬁhgﬂ of co @luuons with DMM, such as

CH30H+150 ppm HCl+ 1 D M Wm Hcl+150ppm DMM,

“to run the tests, such as
.88 showed the results

Some other
H>O and HO+150 p

F

corroded by both of these lutign_ﬁ,iw @as ound that corrosion rates on
aluminium specimens by HzO were "m Whlle the temperature was
elvated, the corrom#- ¢ became Si - Usuall Iy pure water will not

contained in the water uch as H C03 & ) 1t may . rrode aluminium metal

osiap | ﬁmﬂﬁfﬁmﬁ _
AR DIDUNBAI NV B

H7O or m absolute CH30H or PE were much higher than that immersed in
pure CH30H and PE and increased with increasing the exposure temperature.

Those trends werefound to be exponential. One interesting thing was that the
CH30H+150 ppm HCI solution obtained increased the corrosion rate more

than the aqueous acid solution. Figure 4.36 and 4.64 showed that the corrosion
appearances obtained by both HyO+150 ppm Hcl solution and the

CH30H+150 ppm HCI solution were rather different. The former appeared
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pitting obviously but the latter was somewhat uniform corrosion. By nature,
CH;O0H can dissolve fat and oil better than HyO. Even, in cleaning specimen,

Corrosion Rate (i
40

30

* CH30H
~PE
/| M GH3OH-+HCI

L PELHCI
I

alie
RRNNsALRa NYNA Y

0 10 20 30 40 50 60 70 80

20

10

Temperature ( C)

Figure 4.88 The relationship between corrosion rate (mdd) on
the aluminium specimens immersed in various

corrosive solutions and the exposure temperature
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CH3OH and ether was used to remove impurities from specimen surface after

rubbing with abrasive paper. Therefore, it was believed that immersing
specimen in CH30H made acid in solution be contacted to specimen surface

more thoroughly than immersing in water. The corrosion rate by the
CH30H+150 ppm Hcl solution shot ¢ and the appearance should be

If one specimen
some fat was still cover.tHe stiface imen was immersed, then
acid could not corrode thé surface uad nversely, immersing it in
the CH3OH+acid soldtion) after Cl 50 n of fat on that stain, can

corrode surface more thorongk

ﬂﬂﬂ’.]“flﬂ'ﬂﬁﬂﬂ“lﬂ‘i
QW’W&Nﬂ‘iﬂJ UAIINYIAY
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2.2 Corrosion Rate by DMM-Corrosive Solution with PE as Solvent

corrosion rate (mdd)
0.35 T s

—-CH30#h—+ PE “* CH8OH+DMM = PE+DMM

B T it

temperature

It was seen from the figure 4.89 that corrosion rates obtained by
immersion in the PE+150 ppm DMM solution were closed to those corroded
by pure PE. The differences were not much significant. The rates slightly
increased with increasing the exposure temperature. This indicated that
conversion of DMM dissociation in PE at temperature between 30°-70°C was
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too low to produce large amount of elemental mercury for starting metal

corrosion

1. Effect of Exposure Temperature

Corrosion rate (mdd)
12§ ‘

10}

0
26 270

Fig;x;'e 4.@1 uaiingTﬁgwﬁ@in ﬂtj and the
posure tem érature (-102-300C) of cofrosion system
QT M P s b Beoon o

by the PE+150 ppm HCI+150 ppm DMM solution

300

Figure 4.90 showed corrosion rates of the aluminium specimens
immersed in the PE+150 ppm HCI solution (without DMM) in comparison to
that immersed in the PE+150 ppm HCI solution at various temperature
(-109-300C). It was indicated that corrosion rates of the DMM-corrosive
solution were higher than those of the other and tended to slightly increase
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with decreasing temperature over temperature interval of -100C-300C,
whereas the rates obtained by the PE+HCI solution seemed to be independent

on temperature on that inteval.

2.Effect of DMM Concentration

Corrosion Rate (mdec

0 50 100 150 200 250
Conc. of DMM (ppm)

Figure 4.91 Relationship between corrosion rates obtained by
immersion in the PE+150 ppm HCl+DMM solution

and concentration of DMM at ambient temperature
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Figure 4.91 illustrated that corrosion rates obtained by the
PE+150ppm HCI+DMM solution tended to slightly increase with
concentration of DMM. Dessy had done the experiment to observe the
breaking ofC-Hg bond of DMM in DMSO-Dioxane solvents which the result

”C//& +CHgy (‘4-2)

were according to eqiation 4.2

and also reported th dent on concentration
of DMM. On the oth of DMM beyond the
ratio 1:1 would not m; thermore, this experiment
used PE, which dissolve Cl than DMSO+Dioxane, as
solvent. Therefore it of HgCly obtained by the

following equation :

CH3-Hg-Cl + CH3-Hg-Cl p + CH3-Hg-CH3  (4.4)

would not be variec on either.As a result, the

| ' R— |
following corrosion rya::tion must not bevaried DMM concentration

w= AUEINGNINYINS
A S I nen ey

not affect the on corrosion rate of the system.



Corrosion Rate (mdd)
6

P 9"3‘ ﬁmmﬁ PR e
AN | Ty e e

and with [DMM] lower than 150 ppm at ambient
temperature

The experiments in Fig 4.92 was carried out by varying
concentration of DMM together with HCI as follow : 0.015, 0.15, 1.5, 15, and
150 ppm. It was found that these rates obtained by immersion in the
PE+HCI+DMM solutions obviously increased with concentration of

147
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DMM/HCL.Those rates were also higher than that obtained by the PE+HCI
solution and maintained their higher values over entire ranks of the
concentration. At the end, corrosion rates of both corrosive systems (15 ppm

and 150 ppm) increased drastically.

3.Effect of Velocity

20

15

10

0 300 600 | 900 1,200
rpm

Figure 4.93 Relationship between corrosion rates of specimen
immersed in the PE+150 ppm HCI+200 ppm
DMM solutions and RPM agitated the solution
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From Figure 4.93 it was evident that agitation and velocity of
corrosive solution had no effect on corrosion rate of the aluminium specimens.
Furtheremore, the immersion of those specimens with agitation slightly
lowered corrosion rates as compare to that without agitation. The corrosion

d side of Fig 4.93 (no agitation) was
17.0754 mdd, whereas the other points obfained with agitation 100-1200 rpm
provided corrosion rates uwx 13.8 0338 mdd. Normally, in the
PE+150 ppm HC1+ZOW s‘qutl -used, B Cl reacted with DMM to
form corrosive agent H hich attacked spe: 1men surface directly. Thus
- ion controlled, but be
\% d velocity of corrosive

rate of the first point on theleft ha

. PP
S10 ‘Ll

it was believed that cor
activation controlled.

media were insignifiCan ificre: e lcorrosic ‘*x" ate. Furthermore solution
Al

agitation would destros “hs b 4 hered on specimen surface (whisker

is corrosion product abs6 ‘“ i - mediates together on specimen

surface). Spreading whiské: f‘ mcentration of corrosive species

ﬂuEJ’J‘VIEJ'ﬂTNEJTﬂﬁ
’QW']@\‘iﬂ‘ﬁﬂJﬂJ‘lﬂ'TMEl’mEl
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Table 410 Corrosion rates of Al specimens immersed in various corrosive
solutions with PE as solvent and HS added in stead of HCl in

some systems

Solvents & corrosive solutions Corrosion Results

e l mdd mpy

| PE 150 mk+150 ppm HC N\ f/// 3.83 1.87
PE 150 m}+150 ppm Hc@m ymé 5.40 263

PE 100 m1+200 ppm DMM+HZ050 mil+ - | 21.95 10.70

150 ppm HCI
| k 0.82 0.40

PE 150 ml+200 ppm Di

PE 150 ml+200 ppm DI | | 0.07 0.03
PE 140 ml+300 ppmH 9'+200/ppn U \xgq 0.03 0.02
ml+H,S f: |

PE 150 m1+300 ppm H,C Al 0.05 0.02

corrosive activity of :2) or-' not. Thus, H,S was

substituted HCI in the E+HC1+DMM corroswe solutlon Table 4.3 showed
corrosion rate mi( Wﬂﬂﬁ% 41 PE+200 ppm
DMM+100 ml rated n.'[ .8172 mdd, which
it was low, ‘\ﬁj a qqﬁrimﬂ(ﬁfmgulﬁ’guﬁm This
corrosivﬂo 10 s mn probability

of reactivity between HpS and DMM was then low because each one was

dissolved in each phase. If these species mixed together in gas phase like
natural gas, it is expected that their reactivity may be better and corrosion

result may be hi
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2.3 Corrosion Rates by DMM-Corrosive Solution with CH30H

as Solvent

Weight Loss (g)

- 0.5]

ok

00| 150

| ,

, ¢ T : v
ARSI N nenae
' Corrosive Solution

= with DMM % without DMM

Figure 4.94 Relationship betwe;n weight loss of the aluminium
specimens immersed in the CH3OH+150 ppm

HCI+200 ppm DMM solution and the exposure time.
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The potential of absolute CH3OH to enhance corrosion reaction of

the aluminium by DMM was quite interesting, as mentioned in section 4.1.
The weight loss of the specimens at the above figure showed damage by
DMM together with CH;OH. It was evident that weight loss of specimen was
increased slowly within 25 h, aftei Iat it was rapidly increased with the

d at about 160 h. Comparison of

exposure time until the specimn j
C1+200 ppm DMM solution

weight loss obtained by the.

H -
with that obtained by the _solutio wiqd in Fig 4.94 showed
completelydifferent. The weight Jos by thc\Gl;L;\ +150 ppm HCI solution
was increased with incedswf feriperatare gradually. From the observation at
the reaction flask all is_found. that. tﬁere was little corrosion on

small gas bubbles, whith ifs gize wa: wal to th i of needle, evolved from
specimen surface.The ga hble evolved lifted p to the solution surface.
the surface. A large amount‘sﬁgf;fas -. 0] from these whiskers and the base
of whiskers adhered fo the §p§glmen QMMM xpanded by corrosion
processes rapidly. % _!this poim, n 1 1 became severe and was

maintained its physmil charactenscs until either ﬂ: specimen was finished
or CH30H was finished.zAt the end of gorrosion process, a large amounts of

depsits was fen i oo k! & Wl beldd had corosion rscion

occurred slowly at earlier because of the attack of HC] jon the surface

sccoring iciplowitd e 1] V1713 VIE) 161 )

Anodic reaction: Al —— AT 43¢ (4.6)

Cathodic reaction : 2H" + 2e- — Hj (4.13)

whereas the severe reaction which occurred later may be from new reaction
concerning with CH30H closely.



2.Effect of Exposure Temperature

60

50

Corrosion Rate (mdd, (Thousands)

Figure 4.95 Relationship between corrosion rates of the

163

aluminium specimens immersed in the CH30H+150

ppm HCI+200 ppm DMM solution and the exposure

temperature
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Figure 4.95 showed relationship between corrosion rates and the
exposure temperature for the CH30H+150 ppmHC1+200 ppm DMM corosive

system in comparison with that by the solution without DMM.

It was found that co 0 i rate of the latter increased with

increasing temperature grad (sec &nding figures in the appendix
ined by the

increased with increasing

temperature enormously and-exponertia " he stage of corrosion process by
the CH30H+HCI solutien” wés meatior {l iously [see equation (4.2),
4.9, 4.7, 43) (441 \ 0 rates obtained by the
CH30H+HCHDMM systend at 100C ywere \ 1 ¢ eup to that corroded by
the CH30OH+HCI syste thleir dorrosion appearances on surface shown in

AUEINENINGINS
RIAINTUNRINIAY
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3.Effect of the DMM concentration

Corrosion Rate (mdd)

3,500

3,000

2,500

2,000

1,500

1,000

500

250

awwaﬂnmmmmwaa

Flgure 4.96 Relationship between corrosion rate of Al specimen
immersed in the CH;0H+150 ppm HCI+DMM
solution and concentration of DMM at ambient

temperation

It was that depending of corrosion rate on the DMM concentration
could be devided into two parts at the concentration of DMM about 125 ppm.
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Corrosion rate of the first part,starting from 0-125 ppm, was almost steady
with concentration of DMM, whereas the other part slightly increased with
increasing DMM concentration. This indicated that circulated corrosion
process according to equation (4.8) and (4.11) could not accomplished, if
DMM concentration was lower than 125 ppm. When DMM concentration was
equal to and above higher tha opm, the same figure showed that
corrosion rate was very hig seemed to be independent onDMM

R
concentration. . = 4
| Corrosion_Rate (mdd
- 3,000¢
Rl
2,500

&)

In(Conc. of DMM)

Figure 4.97 Relationship between corrosion rates of the Al
specmens immersed in the CH;OH+HCI+DMM
solution and concentration of DMM/HCI lower

than 150 ppm.
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The ratio of [DMM] to [HCI] used in the test was fixed at 1:1 and
the concentration was varied as 0.015, 0.15, 1.5, 15 and 150 ppm. By
increasing DMM concentration, the corrosion rates obtained by the
CH;0H+HCIHDMM solution was higher than that obtained by the
CH;0H+HCI solution. The interY T tration of DMM/HCI used were too
wide and difficult to plot graph. They hanged to natural logarithmic
from the Figure 4.97 that
vided corrosion rate that
The rates obtained by

values and ploted on horizental 2
m——

both corrosive systems,.wi Wi
increased with increasing ¢ 1

the CH;OH+HCI+DMM' s¢ re much high that obtained by the
other. - \
A Effect of Agitat .4

Figure 4.98 mdlcatétﬁmt” @n rates of the specimen were
independent on solqitlon agtthﬁ’éﬂ* and corresion rates of agitated solution
provided slightly lowe COIT0SION Faics than that witho it agitation. From figure
4.97, the point on vertical axis shoy | )gem without agitation at
about 3000 mdd, whereas the other values obtained from the agitation system

¢~ g ,f@mﬁinmm 161 o
Ml N w004 8 AN i)

become more difficult.
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Corrosion R:

Figure 4.98 Relationship between corrosion rates of the
specimens immersed in the CH30OH+150 ppm

HC1+200 ppm DMM solution and RPM agitating

the solution
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Table 411 Corrosion rates of the aluminium specimen immersed in the
CH3OH+acid+DMM solution systems using H>S instead of HCI

Solvents & corrosive solutions Corrosion  Role
mdd mpy

o7 1.8
.1) 3693.8 1799.9
) 33394 1627.2

CH3;OH-+saturated H,S (200, 000) AN
CH;OH-+saturated H,S+200 S DM}
CH;OH+saturated HpS+2 W(

CH;OH+300 ppm st e 29789 | 14514
CH;OH-+300 ppm H2 oM, 22285 | 1115.2
CH3;0H+150 ppm H

- an g 345
T2675.9 1304.0

HjS dissolved infabso ehwell in which H»S 1 gram
dissolved in 943 ml a *7 200 ['22] HjS is the impurity

appeared together with elemelfﬁﬂﬁg Hg derivative in natural gas. Thus, it
was substituted HCL in the test in ord o' study its corrosive potential to

specimens severely 51m11 to HCl The average corrosmn rate obtained by the
CH3OH+300 ﬁ m? ﬂ ﬁ 523 mdd, which it
was much clo };m m HCI+200 ppm
Fo o M T b (L e
obtame S''solu j zj,hlgher This

implied that there would be some of circularting corrosion reactions occurred
in the CH30H+H7S+DMM system, corresponding to those in the

CH3O0H+HCI+DMM system as mentioned in section 4.1, for example, the

reaction corresponding to equation 4.2 would be

CH3-Hg-CH3 + H)S — CH3-Hg-SH + CHy4 (4.12)
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