CHAPTER 1

INTRODUCTION

Corrosion Problems of Eqmpments ‘ ?Gas Production

Since natural gas V§v3ed f of Thailand and started
producing in 1981, the mic_status of has been progressively
better. This is due to havi ‘ sed a e of energy in various
factories and as essceritial feedsiock _b | etr 3 R dustry. These imply
that natural gas has beefl e c ' Hao
from its reserviof forfusg” ca Q e related field industries
enormously as well. That i ue t cor : aused by trace quantity of

mercury contained in natural gas, which it will be described below. -

selling it to the Petrole iland (PT@ at the entrance of the

gas pipeline on the UNOEAL platforms in the gulf of Thailand. Being

produced with (5 o SL 08I DI S Trred u o

platforms_and loaded into a floatin i400 ,000 barrel condensate barge that acts

as a stor%eﬁcnta \3 ﬂ i Mwaﬂhq mﬂlﬁe&lbe used as

exellently feedstock for ethylene plants or the other petrochemical units. The
condensate is then either sold to PTT or exported directly by UNOCAL
THAILAND. The production rates as of early 1990 were 550 MMSCFD of
natural gas and 20,000 barrels per day (bpd) of condensate.



As of 1984, elemental mercury was found in the natural gas and some
was actually recovered in form of liquid mercury on the platforms. The
remaining mercury was carried over into the gas being flown through the 425-
mile long pipeline to PTT’s gas separation plant in Mab Ta Put and some was

carried over to the liquid condensate i t" 7)6 condensate barge.

In the condensatﬁ it 1§’be@at there is some of mercury
4 TT————

iquid ¢ d m of condensate barge and
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reaction occurred betwee

€ ~k ted in forrosmn of equipments

c condensate, especially,

corrosion of alummmg alloy materia ogéni@servics. In addition to

corrosion of eq FJ)ments inamany plants, itis also found that the mercury in the

condensate re ultu EII ’3 mIEJgn‘j lwlﬂ flﬂ ﬁatalysts in some
é‘ﬁ’] ANNIUNNIINYIA Y

In the case of mercury mixed in the natural gas, it causes the same

process

results to equipments in the processes as the condensate does. Before natural
gas enters production processes of any gas separation units, including that in
Mab Ta Put, it must have been passed through the mercury removal unit, which
most, if not all, of the mercury was caught here. It may have the least amouht

of mercury leaked from this unit and gone low but its effect can be cumulative



at any points on metal surface as it can amalgamate[3] It can then damage
various equipments. This is the main cause of equipment failure, especially,
failure of the aluminium heat exchanger, which the gas separation units of PTT

at Map Ta put itself had been already encountered this problems until it must

£
s,

be shut down for a period of 4-5 m

obtained by this for several

Organic merc
commonly formed
organomercury com;
mercury removal
decompose and conv
thermal or catalyst toge

\"."4'1"

passed through mercury r mo‘ifai:umts @s with various equipments for a

long time to the pres§nt time 1t ﬂ*’stﬂl ac

ions of organomercury

effect on metal corrosjon:~There are y-€lemental mercury only.

The behavior of orgargneib" iry
attention to by this research. Dimethylmercury, which is among those

compounds is Qeuiﬁl Q m&nnguw&rq&ie behavior because
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Mercury Corrosnon and Literature Review

s on m eta&on‘osion has been payed

1. Mercury Corrosion in Natural Gas

Any processes associated directly between metal-mercury are very

rare because mercury is a corrosive substance and dangerous to mankind.



Although there is a few examples of that, such as, thermoumeter and
fluorescent lamp, both of them are the mercury-glass system on which
corrosion problem is not existed. Thus if it is desired to continue inquiries
about metal corrosion with mercurial substance, it is difficult to avoid

mentioning about natural-gas produ\ ? in which the metal-mercury corrosion

rocess is hidden. a \\ //
3 g /

Mercury occ Lrally i i ace quaritities in air and natural gas, but
it is difficult to gene éuty/ concent ations i air which is typically in a
: of = 10,000 ug/m’). Some

y contains mercury

concentrations betwe g concentrations are probably best

organomercury formed and rﬁ%@i @ tal mercury in natural gas[5].
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Therefore, if any acS‘)unt on meremyfm na t

is!mentioned, it should be

meant the account I?E dlted from all 1o ‘the merc T4

The implicationi »of the effectsgof mercury in natural gas was not

reported untll Ebw ’g mmsaw&f}a@m heat exchangers
occurred at the S[@ qr;gil;eﬁed natural as plant in AlgeriaJ9]. Investgations

imu ﬂhg muﬂ ’al(ah%.l the mercury

seemed to come from an accidental source, such as test instruments used in

determin > at

plant and field start up.

After the Skikda failure, a study of Groningen field in Holland

revealed similar corrosion in the gas-gathering system. CO, was thought to be
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the cause[10], but later investigations[11] pinpointed mercury, with

concentrations ranging from 0.001 to as high as 180 ug/m’.
Phannenstiel et al.[11] state that most if not all of the mercury in

) d that no natural gas processing plant
% y organic oOr inorganic mercury

im clemcutal mercury was the

ncentration of mercury in

observed that its effect

] : Up to date the most

) mdi to mercury corrosion have

mﬁg;gan all aluminium. Copper has also

been presented somi)problciﬁﬁrﬁf  Saun ‘ .[.}:_] observed that brazed

aluminium plat-fin heat exchangers were the prodo: inant choice for cryogenic

service. Aluminium vgs used ; e‘quipéent due to its brazability,

excellent mechanical propesties at cold temperatures, and superior heat transfer

characteﬁsﬁcs.ﬂ'nufﬂhg Me&mlﬁim'ﬂufﬂnge aluminium used
in these exc Ens and must be cémpletely removed to nondétéctable levels in
up sueﬁ ﬁiln tﬁ fJJfMCiI ﬁn’}le’g I]nﬂa’l]lﬁn&l economical.
But fortunately, the plesign of systems capable of minimizing operating

problems associated with mercyry in natural gas is currently being emphasized.



1.1 Operating Implication of Mercury in Natural Gas

The problems associated with mercury can begin at each producing
well. Both the high investment required and the remote nature of wellsites
prohibit mercury removal at these tion. Thus, mercury is introduced into

the wellbore and gathering syster as production

and

Trace quanti&s of I yst fé} the reaction of mercury

with iron oxide from the.pipe. The mercurous sulfide preciptates and is
adsorbed onto@eu)ﬂvg ﬁﬂmﬁ%ﬁj gpﬂeﬁthat for one 68-mile

pipeline, m content decreaséd from about:50 to 20 ug/m> This reduction

e e AL iRl Lk LBl B tan

were also experienced on pipe and vessel walls in facilities and plants

Other factors influence mercury distribution in following streams.
Mercury condenses into the liquid phased of hydrocabons and gas-treating
chemicals because of its greater solubility with higher-molecular-weight
streams. Most facilities and processing plants that handle natural gas have



some form of separation, sweetening, and/or dehydration equipment. The
amount of mercury reduction resulting from contact with higher-molecular-
weight solutions is difficult to define owing to the wide range of hydrocarbon
saturations and treating conditions. Grotewold et al. reported that some 50% to
60% of the inlet mercury accumulwd at the bottom of the glycol absorber

and that 15% to 20% w w rs. This left 20% to 35% of the
mercury entering the pl

equipment and /or tr

mto down-stream processing

Elemental mefcu: rme ‘ Aam | ith the surface layer of the

metal contacted. With is much weaker than the metal

itself and is often refe “ds an ‘em brittlement.  To initiate aluminium
corrosion, the tlghtg adhermg’ aftimin ide layer on the surface of the
aluminium must -—f-,-_--; ------------- ginium amalgam process

removes this oxideDayé‘. bearemoved chemically or

mechanically and is catalyzed by the jpresence of an aqueous electrolyte.

e @ug@ Y2190 S VLI S amalamatn

generally does not occur as a direct chemical geaction because the base-metal

auminith st} ekt bydnb e i 1| £ 6 £

The aqueous corrosion cell forms aluminium hydroxide and gascous

hydrogen through the following reactions :

ArHg o g ki (1.3)



and 2AIHg + 6,0 —— 2AI(OH); +3H,+2Hg  (1.4)

These reactions leave the previously amalgamated mercury free to

form the additional amalgam with the base metal in a continuous corrosion

x\W///

Observations of cal Jla corrosion indicate that the
——f’ - *

Processes.

amalgamation/corrosion-s on intrusion that forms a
continuous network a ! %'17 inet ogether. The formation
of aluminium hydroXidesc \ "b;%aylsh-whlte “whisker”
appearance. Rapid p :

localized area

Operating condmons-'é@'uc@ corrosion in plant containing

aluminium heat ex&angers"iﬂcfﬁtfe &%s

st"(frozen water, hydrates,

; als.U To melt the frost, the

tdown. Deriming is

heating cycle on the ex hangers that Temove
and CO, frost) buildu from
exchanger typically is takem.out of servicesand hot, dry gas is passed through it.

he ot gas it i s bbb & bapbrtd s ot mossre

and other nnPuntles Thaw %as is‘continuously=passed through the exchanger

it e Vi koo AL A Y AL, s o

exchanger core temperature or heat exposure time are reached. Shutdown

occurs when gas is not passed through the system, heat exchange no longer
occurs, and the exchangers are allowed to warm to ambient conditions.
Deriming is necessary periodically to improve exchanger efficiencics lost to
frost buildup on exchanger core surfaces; however, deriming and shutdown

frequency should be as low as possible to minimize the potential for a corrosive



environment. Liquid water is present during both deriming and shutdown.
When thaw gas is passed through the exchanger or when operation are
resumed, gas containing trace concentrations of mercury is allowed to contact

the aluminium in an aqueous environment.

Deriming operations stop v#/ completion can also lead to the

formation of mercury COM ulds left in the cryogenic

aluminium equipment

ong with any condensed

nxa;nical design stage to
w-point. drains should be installed

‘operations to sweep liquid

mercury. Care should
eliminate low spots
where posssible. The

out of the system with |

2. Decomposition

unreactive in compan'ﬁ) orrEound of other group II

metals. Thus crganomergurials are a poor, source of nucleophillic carbon and

usually do not Fehctdvith campounid/Such & \beéhold pidehydes, ketones or

alkyl halides. I‘\l)]everﬂleless many of the principal reactions, that they can
undergo v g leinhidh o bt Blharactrisa
example bemg reactions with metal salts, acid, and halogens. In these
substitutions the fully organic mercurials (R,Hg) are generally more reactive
than the corresponding organomecury compound salt(RHgX) since the
presence of the x group attenuates the nucleophillicity of R. The Hg-C bond in
aryl derivatives is more readily cleaved than its counterpart in aliphatic

systems.
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There are several types of the reactions of mercury-carbon bond as

follows :

1. replacement of mercury by other metals(Organomatallic synthesis)

which can be written in general fo

(1.5)
2. replacemeiit o which it can be separated to
be acidolysis, reduction hydrogen donor and thermal

decomposition
3. replacement’of merc:

4. replcement of me mva Y OXy

5. replcement of mercéury by halo

v
Ly U

........

The most i siated with this research is

replacemént of mercury by acidolysis and reduction.

U INENTNEINT
AEARSAIALNAL LN U ecompies

by pyrolysing or photolysing in the presence of a hydrogen donor, such as

methanol, which is according to gencral form of the following equation ;

Aor hy
RaHe o = IRA 3 HCOH + Hp (1.6)
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or in the presence of other hydrocarbon solvents, such as benzene, etc.

DMM is one of alkyl diorganomercurials, which it is rather small
molecule with low intermolecular force, but it is rather more stable than the

other. Skinner[18] had organized its

7'mochemlcal data as follow ;

CH;-Hg-CH;

Hg - CH, (1.8)

It is found that thosegf

must not forget that HgCl,, is the severes corrosive agent to metals in both

organic and m%umm ks Believad) b BMM can aso do that.

K< Bassﬁ(jj had organized the data ofs.decompositiens obtained by
) W WAL b A TAELQ B8 e

hydrocarbon solvent. One instant of those data is photolysis of DMM in

1ch mﬂf than that of HgCl,. It

methanol as follow;
hv
2CH, + HCOH + Hg (1.9

CH;,-Hg-CH;,
CH;OH
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He had shown the decomposition instant of dicyclohexylmercury in the

presence of oxygen according to the following reaction ;

A

CH;-Hg-CH;#04 4/ Hp+HCOH+ CH:0 (1.11)

Wrter Yo
In the case of thermal d 1 gﬂ" of erganome ials in other hydrocarbon

solvents, that of dirphenylmergury in - ed benzene in the presence and
J‘xd' -7 =
absence of oxygen was shown for example 2

PhyHg + "C ﬂ; | 1 (1.12)

ﬂum‘nﬂmwmm

It is believed thz?fl DMM accomplish the corresponding reaction, with the above

by sup ot 1 ot oo dn nironiek £ 1

Acidolysis

Both alkyl groups can be removed from diorganomercurial by mineral

acid as in general form of the following reactions ;
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R,Hg + HX et JRERBEX (1.13)
RHgX +HX —— RH+HgX, (1.14)
but more vigorous conditions are re d for the second stage. Organic acids,

d, can react with fully organic

gano ys. Dessy and Kim[19] had

which they are weak acid, Sm,
mercurials but not norma with ¢

studied mechanism and ‘ n various dialkyl mercurials
and hydrogm chloride.in"Vasi ¢ systems. iccording to the general form

of the equations

R-Hg-R (1.15)
They reported that reactio ‘of eleavage Of g bond in DMM was slower
than the others and that the feiﬁﬂ—@g ! n systems, such as 91% methanol-
9% water, 67% diox : at 10:1, can be used
as solvents. Formatloﬂo N als can be obtained the

reaction of two unsym;netncal dlorgan merials accordmg to the following

genemfomuﬂum ‘VIEJ‘V]TWEJ'lﬂ'ﬁ
WQ@@%ﬂMW’@%’]ﬂ B{L16)

The reaction is reversible and in fact the position of equilibrium is normally
well to the left. The forward reaction, known as “symmetrisation”, is affected
through the agency of an anionic or neutral ligand (L) when the inorganic

product is the complex HgX,.L,, or with a reducing agent when mercury is
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formed. It is found by equations (1.15) and (1.16) that HgCl, can be obtained
by adding HCI, as shown in equation (1. 16)

3. Dimethylmercury Corrosion on Metal

It is recognized that HgM re corrosive agents well, thus if

any metal is immersed in s&lu with heat or with acid, then

it should be corroded y ' l¢ r HgCl, resulted by one
- 7/A\

process as mentioned.

Scope of Investigati

of Thailand has been
@ivé on various equipments, both
t to solve. Although

mercury removal unit,

Nowadays na
F i I,a- g

encountering the problem of {d.ércury

in storage units and &roducﬁdﬂ’hﬁis,mw |

the elemental merc _f" 14 been alread d at th
those equipments havg:J)een‘ still damag i entu&d Therefore, the main

research project associated,with mercury, substamce in natural gas has been
aimed to find atu)ﬁtgl m%‘.l m@m& fl as and to prevent
corrosion to vanous ments. This researchsis only one part of the project
and re jﬁﬁllﬁ ﬁ)ﬁ’lﬁ m mmm ﬂca ﬁ EJJect the data
of van'ous metal corrosions caused by dimethylmercury. That is due to DMM
as one of organomecury mixed in natural gas. Although quantity of
organomercury compounds in too low-in ppb, but DMM seems to be
predominant rather than the others. Metal selected to study the corrosion rates
are, for example, carbon steel and aluminium, because both of them are the

main metal used to made the equipments for producing and have ever been
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corroded by mercury substance as previously mentioned. In addition to collect
the corrosion rates of the metal obtained by DMM, the effects of various
factors on the corrosion rates are also studied, such as concentration of
corrosive media, the exposure temperature and velocity of corrosive solutions.
Another important study mcluded in this research is investigation of the

solutions in order to identi w-.= s of hich it is private manner of

corrosion appearances on / e after exposure in corrosive

one pair of metal-co iform corrosion, pitting,

intergranular corrosi ion appeared on specimen

surface can be use of corrosion prevention
resulted from mercus \ce-tater. This rescarch will not be aimed at

mechanisms of corrosio ecause it is not the main

This researclﬂs'"

1 To study corrosion of carbon steel and aluminium metal by

ety R0 %dr%@ W13

2Te sqgudy the effects of various factors, such oncentrauon of

comosiv il b kot g% W&Hfﬂr&lm solution

on the corros1on rates

| Imain 1ssues;

3 To investigate the corrosion appearance on specimen surfaces

obtained by exposure in corrosive solutions.



	Chapter I Introduction
	Corrosion Problems of Equipments for Natural Gas Production
	Mercury Corrosion and Literature Review
	Scope of Investigation
	Objectives


