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ZﬂZ SEP 1198 PROCESS USI.NG AM NE BLENDS TO | NHI BI T CHLORI DE COQF\.’E%I ON IN

WET HYDROCARBON CONDENSI NG SYSTEMS FI ELD OF | NVENTION This i-nventien .°%. ¢
relates to.inhibiting corrosion in systens of condensi-ng hydrocar béns . Whiche
centain water and chl eri deg. One system of particul ar comrercial interest
s the overhead of crude oil atnDspherlc plpestllls BACKGROUND Cr ude oi
refineries include an atnospheric pr SP) whi ch

fracti onates the whole crude oil into_various product fractions of
dlfferent volatlllty invention relates .to. . inhibiting corroSion in 2

N W)

systems of condenSing hydrocarbons which contain water and
‘chlorides. One system of particular commercial interest is

5  the overhead of crude oil atmospheric pipestills.

BACKGROUND

Crud oil;refineries include an atmospheric pressure o

10 ' pipestill”(APS) which fractionates the whole crude oil into
various product fractions of different volatility, including
gasoline, fuel oil, gas oil, and others. The lower boiling
fractions, including naphtha, from which gasoline is

derived, are_reCOVered from the overhead fraction. The

w

fractions with intermediate volatility are withdrawn from
the tower as sidestreams. Sidestream products include
kerosine, jet fuel,'diesel fuel, and gas o0il. The higher up
on the column the sidestream is withdrawn, the more volatile
the product. The heaviest components are withdrawn in. the
tower bottoms stream.

Figure 1 is a Simplified process flow diagran of a
typical.crude Oll atmospheric pipestill unit. The crude is
preheated in preheat exchangers against overhead broduct and
then heated up to about 500° to 700° F in a direct-fired
furnace."The feed-is then'flashed.into the atmospheric

pipestill which'operates-at a pressure between one and three
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i ncl uding gasoline, fuel oil, gas oil, and others. The |ower boiling .. .
foractions, including naphtha, fromwhich.gasoline is derived, are FecoVeret
fromthe overhead fraction. The fractions with internediate volatility are"*;:*
withdrawn fromthe tower as sidestreans. Sidestream products include S
kerosi ne, jet BGmospiiesas dawde prelsgaseoi 'OvénbebidgteWerp temparavoreim

the sidestreamis withdrawn, the nore volatile the product. The heavi est
conponent s. ar.e TARERdr AMPiariie £ooRr200f t bas3s0Pedm Figure L ishqys a two-
sinplified process, fl'ow di agram of a typical crude oil atnosphéric

pi pe-still uni €tagRe Marhedd GARIRRI $ﬁsb¢@heé@t§%8ﬁéﬁd@r§¥iﬁﬁmﬁnu=e one
overhead product and then heated up to about 500[err] to 700[err] . Fin a
direct-fired fGPRECESEFhSHagaT | sTl't#le?lWP’Fl&%ﬁ@daPﬁt élpﬁétéﬁ?ﬁbf?ﬁé?q‘t‘:ts are

pi pestill which operates at a pressure_ between on
. s .cooled and condensed and sent to other units to be orocessed

1nto_flnal products.- The bottoms stream goes to a second
distillation ﬁowér (not shown) that operates under a vacuum
- and distilis more light products out of the APS bqttoms.
Steam'is added to the bottom of the tower to pfomoté

; 10 strippihé of light products'from the bottoms. Also, water

" is added to the top of the column to wash'away soluble salts
which often accumulate in the top trays and overhead
compénents. The stripbing steam énd:wash_watér cbming into
the s?stem'are sUbstantial:'the overhead naphtha gas stream

'_LS coming off the top of the tower typically contains 20 to 40
mole % water. | | | |

The corrosion that is the subject of this invention
occurs in the overhead components of'the atmosphéric
pipeStili_which include the top tower trays, the piping that
comes off the top of.thé tower and the refluk lines, the

heat exchangers, the condensers and rundown lines, and the
distillate drums where the condensed overhead stream is
separated into liquid naphtha product and reflu#T' Materials
commonly used in APS ovefhead trays and compoﬁents include
carbon steel;.Mohel 400 and 410 stainless.steel. Corrosion

damage can be very severe, including metal loss severe
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agﬂ.?ﬁree at nos- pheres gauge pressure. Overhead tower tenperature ranges
typically from200[err] to 350[err]F. Figure 1 shows a two-stage overhead, :
‘condenser system alternative systens use one condenser stage. The overhead,:.
and sidestream products-are cool ed and condensed and sent to other units to ;-
~ be processed into fipal products. The ‘bottdns stream goes to a second

distillation toRBPUBROLOsKEMSE. tHeRKaGFsetat adieu ke Enab cCRLVE BRABMERSt ARds
nore light products ouh f the APS bottons. Steamis added to the bqttom of -

I

‘the tower to pr&RBEERE SBFn&*GPQQ%ﬁﬁ~k#%ﬂth%WQQ#ﬁqH%ﬁb6f$§ﬁs%nﬂlQGE?f
often accunul at ERFRERALS, BB LEPay SRR S e TR RRESATIRR ShR pRRRGOL
S enthand vash 1RECinBRTk dnelel Wi RUTY 2 T RRLALLR)  cbPEORYBR TR che
APS can cause Opera;ing problems indeWnstream units.. |

>
Because of the severity of the cor?osion( even one day of
uncontrolled corrosion can have.sefious cbnsequences. |
Corrosion in the overhead exchangers ié the major concern.
Corrosion in the overhead system ié caused by'hydrogen
!‘Vﬂ | " chloride prbduced by hydrolysis of chloride salts found in
| crude oil. Crude oils contain salts dissolved in water
_entraiﬁed from the produttioﬁ well and from saltwater picked
- up during tanker shipment. Génefaily,_the chlo;ide salts.
-'arg SOdium-chloride, magnesium chloridé;.and célcium
.15 chloride; Depending on the source of: the salﬁwater, the
_améunt'of each salt in the crude can vary considerably.
Sodium chldride is étable and does not hydrolyze
sigﬁificantly in:the atmospheric.crude tower system.' HCL is
released when MgCl, and CaCl, are hydrolyzed by wate: present
in crude oil: |

2HCl1 = MgO

MgCl, + H,0

CaCl, + H,0 = 2HCl Ccao

//
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gas stream coming off the top of the tower typically contains 20 to 40 nole

%wat er .

The corrosion that is the subject of this invention occurs I n- fhe’

overhead conponents of the atnospheric pipestill which include the top - —---:.

tQwer - trays,

I'i nes

the piping that comes off the.top of the tower and the ref lux s

" , the hea e e condensers and- rundown |ines, -and the _
distillate dr uﬁ%gmﬁg?é’%& é&ﬁ&e% By drhduirakuzen 25 SEBRREREYTRM §0 the
AR L R T Tk AL R U AR RS

trays and. conp

st eel .

enough to causeé
exchanger

t oner

5

Cbrr05|g Qggggscan be very severe, including netal Foss severe
a

geto the external environnent and internal heat

Feé
| eaks, p'@ﬂe'ﬁ&lobrbh%£%d?T$‘¥H*-préhé%é“%fs hCQOthSrEer%dgtr]

corrosion there because there is no liquid water present
The HCl, however, goes through the pipestill and passes lnto
the overhead gas.

Temperature decreases”moving up the toWer_aﬁd into the
overhead systemr At some point, temperature falls below the
dewpoint temperature of the process gas and water condenses'
on the equipment surfaces in a thin film. This ooint is |
called the "initial condensation point" or "ICP." Water

continues to condense as the process gas moves downnstream

‘and is further cooled. The'overhead gas is totally

condensed in the overhead condensers, is accumulated in a
condensate drum, and is removed from the bottom boot of the
condensate drum. Operators usually maintain the temperature

at the top of the tower at least 30° to 40° F above the

‘water dewpoint to avoid corrosion in the top trays. The

trend, however, is to reduce tower top temperature to
improve recovery of naphtha, and this drives the dewpoint
down into the -tower. Acoordingly, the water dewggint. |
usually occurs in the overhead system, but 1t can. occur
within the dlstrllatlon tower 1f the ComDOSltlon of the
orocess streams and tower operatlng condltlons combine to -

raise the dewpoint above the top tower temperature. Spot or.
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operatjon and control and inpair energy efficiency., In addition, corrosi,on
i.ri"t he' APS can cause operating problenms in down- stTream units. Because -of -
the severity of the corrosion, even one day of uncontrol | éd. corrosi on can

ll"'

* 90
.

have serious consequences Corrosion in the overhead exchangers is the mgjor -

chl ori de produceg gﬁ hggr %ﬁyls:ls:,L oe' %ﬁﬁ-j(,’):}fe%.gugsg@é%&%ﬁg@fﬁ@g?ng?glﬂ?c’%ﬂé&-&

concer n.

0!'S_CODPa!n,§§£&5c6185958%§'d& upstream surfaces where. for example, .

(V)]

insulation is worn and the tower shell is expased to cold

wet weather or at cold spots on heat exchange* tubes in the

'condensers. Accordlngly, the locatlons where condensat n

igitially.occurs are uncertaln_and changeable as operaelng
and ambient conditions‘change; | |

The ICP'and_shock cohdensation'poinﬁs are important
because that is Qhefe chloride concentration'is highest and
pH'lowest. Inifial condensates,'if untreated, exhibit PH'S
as low as.cne or even fractional pH’s, and the danger of
catastrqphic-cérrdsion at these points is great.

Corrosion by acidic chloride condensates is driven,by'

the.hydrogen ion_concentration'(pH) via the reaction:
Fe + 2 HC1 = FeCl, (soluble) + H,

Hydrogen sulfide, which is formed in the pipeStili from
orgahic sulfur compounds in crude oil, also dissolves in
water condensate and accelerates acidic chloride corrosion.
Although the source of the corrosive attack is HCl, the
product of corrosion is 1ron sulfide, not iron chlorlde
Iron sulflde is prec1pltated by the reaction between H,S and
soluble iron chlorides from the corrOSLOn_reactlon between

HCl and the steel equipment, thus liberating additional HCL.
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wat er entrained fromthe production well and fronrsaltmater pi cked up .
during ‘tanker shipnent. Generally, the chloride salts are sodlunlchlowrde— .
.magnesi um chl oride, and cal ci um chl ori de. Dependi ng on the source of~ t he
‘sal twater, the anount of each salt in the-rude can vary considerably.

Sodi um chioride i s stable and gg €Elqptrﬂ'dro e sr icantly in the
at nospheric crude tower system Iea Clerr] and :

Cadl [err] are_ hydrol?zed by wat er present in crude 0|I MyCl [err] + Her[]O
= 2HCI = MyO Cad [err] +W6HHD—%0J=%OHWCNNW%SmtSM@nto

hydrol yze at teupes atHUeS :&é‘f 18n8Eg0he 230" BYF th2 4R8I erﬁbﬁro&ﬂmlc

occur |n t he preheat exchangers
acid thus acts as a catalyst for formation of iron sulflde.

and is not consumed.

The APS_streams.also contain 1o& mo;ecular weight
‘carboxylic acids (acetic, propionic, butyric acids) which
increase corrosion at the ICcP and sdbseqﬁent condensation

zone.
:"10 The water coming overhead from the tower is totally
' : condensed in the overhead eXchangers and is accuhulated in
‘the condensate drum. The bulk water condensate contains
_chlorides, suifides; add'ammonia. and is'mildly corrosive.
Ekperience-indicates that bdlk'water condensate should be
15 | maintained in the pH range of about 5 to 6.5 to minimize
corrosion in the syscemr pH in the bulk condensate is
' controlled by adding a neutralizer, such as ammonia, to the
overhead sfstem.
In addition to being subject to severe corrosion at'the
ICP and peints of shock condensation, APS s?stems are also
vulnerable to severe corrosion upstream of the ICP wﬁere
ammonium chloride precipitates as a solid out of;the gas
phase onto internal surfaces. Ammonium chloride is formed
in the,system by the'reaction between ammonia ahd HCl..
Ammonia comes into the pipescill in the incoming crude.oil
and other incoming process.streams. and is often
R ————
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A€ HCl produced in the preheat system does not cause corrosion there
cause'there is no liquid water present. The HCl, however, goes.thfouqﬁ':f
‘thhe pipestill and passes into the overhead gas. Tenperature edecreases - -
wing up the tower and into the overhead system At sone point, .

t t -fal| t d j t J f .t ~and |
wat o condens el BTERTARAAT S HEed o b P LEREEFAL S zen L i Qv eraad | ulk
lled the "initjal..c : | Lnt" M CPY L, \Mat ti
condense g5 t e EENSMAORs 20T aBC s EranrEthl T i el bat assure
head IS . G | head d i : '
Secum at od i nof e EPIIEOEue LobRE PUE RO RATTRIE R e (S wilbten

t he Condensated%ﬂﬂﬁidﬁ“ﬁﬁ&é¥fﬁ@$ﬁ§érHeHBEEEghneﬁagls'thé vapor pressure of

ammonium chloride at the temperature of the internal

-

]
surfade, Figure 3 is a graph of vapor pressure of ammonium

chloride versus temperature. If the partial pressﬁre of
ammonium chloride above ﬁhe'internal surface exceéds the
: vapor/eqﬁilibrium pressﬁre, then ammonium chloride will
"ﬂ pfeéipitate on the surfage,and accumulate.

Ammonium chloride'déposits.are hygroscopic and, when
exposed to wet process gas.stréams flowing by, absorb
moisture, forming a wet paste with a PH of about 3.5, which
is a highl} corrosive environment. Ammonium chloride |
 5 depoSits are only a problem if they form_abové'the'water_

dewpoint. If the? form below the dewpoint where water is
_cbndensing prdfusely along with the ammonium chloride, ﬁhen
the deposits will be washed away. .But, if ammonium chloride
condenses above the'dewpoint ana water is not condensing on
these surﬁaces.'ammonium chloride deposits will.nbf be
washed away by water and.the depdsits will build up.

APS corrosion problems are on the increase._.The
-incfeased corrosidn is_attributed to several causes; Salt
content of crude oils now being run in refineries have
increased, éeneratiﬂg more chlorides. Also, crudes are
heavier, which makésjthem hafder to desalt. Ammonia

7 /
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enperature at the top of the tower at least 30[err] to 40[err] F above the
wat er dewpoint to avoid corrosion in the top traysr-The trend, -however, "1.s:
t o reduce tower top tenperature to inprove recovery- of naphbha and this .;.:,
dri ves the dewpoi nt down into the tower. Accordingly, the wat er dewpoint . ¢
usual |y occurs |nttu%§verhead system but it can occur within the:

distillation t &= QﬁQQEﬁniﬂnQ%Qﬁﬁ?ﬁl¥ﬁeh§Y©céé§e§tPéé@ﬁ%ﬂu?ﬁ(ﬁﬂﬁlnery

operating conditiQq %' nblne to ralse the dewpoi nt above the top tower .
t enper at ur &. “SPEE %r WS cuPLEPst FOEHNGE %18 CR i f
' le; insulation.is

; ol d f V\:h for e anp
there are to 3@?@?@&0%? é%%??&iégepi‘cﬁ%me%&mt Kr LBETRR SO SR © b

worn and t he t5

heat exchangerﬁ&g %aﬂlel&ié?¥¥¥§¥§”fhefk¥x§&%ﬂgl¥_Jegefueiat' a! ;g%io

ccondensation i y ‘occursare
raise energy eff1c1ency of the operation. Reduc1ng top

-

2
emperature often bBrings the water_deprLnt upstream from

the overhead equipment into the tower.
The first defense against overhead corrosion is crude
oil desalting. A desalter is shown in the flow plan of
‘.10 | Figure 1. In the desalter. crude is mixed with about 5%
| water, which dissolves the salt. The salty water is
separated from the crude and discarded. However, oil/waeer
emulsions form that are difficult to break. Chemical de-_.
emulsifiers are added to break the emulsion. Electrical
'devises which charge the water drops to enhance'separation
are also used. Up to about 90% of the salt can be removed
with a single stage of waterewashing and separetion. Salc.
‘removal effectiveness depeﬁds en'the nature of the crude.
Heevier oiis'are more difficult ﬁo desalt than light crudes.
A second wash stage is commoniy used to remove additional
salt. . | . | |
Caustic (NaOH) is commonly injeeted into.the.crude
dcwnétream'ef the deSalter to reduce chlorides in the
pipestill overhead system. The caustic reacts with the
magnesium and calcium ehloride to form sodium chloride,
which is more thermally.stable_and so will not hydrOlyze.
s —
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"ain and changeabl e as operating and anbi ent conditions change. The

D and shock condensation points are inportant because that is where.”". !
hl ori de concentration is highest and pH |owest: Initial coAdensates, i.f
it reat ed, exhibit pH s as |Iow as one.or even fractional pH's, and the
anger of catastrophic corrosion at these points is great. Corrosion.by .
ci di ¢ chl ori FoWeYfdenSHRUSt1e e¥edenmustt he hjnditogdnsioreccassticatdaises
(pH) via the reactjon. Fe + 2 HCl = Fed[err] (soluble) + H2 Hydrogen
sul fide, whi CHURRIH RRKINE (3pd plpRYERF| OPesatbngankobdemSur ncAayERTES Th

crude oil, also .dissolyes in ter condensate and accel erates acidic
S units. ew catalysts Delng used in downstream units in

response to environmental control demands being imposed on

refineries are poisoned by caustic. In most instances, it

LY 1}

is impractical to remove enough salt with desalters and/or
'caustic'additiOn tb completely elimipate HCl corrosion.

Moreover, operating upsets iﬁ the pretreat systems occur,

_ which péfiddically introducé large doséé of chlorides.

i"o Acéordingly, chlgride neutralizers are added tolthe'APS
| system to inhibit corrosion. The most common neutralizer is
ammonia. . It'qan'be added as ammonia gas Or-as_an'aqueous
solution usually into the overhead lines between the

pipestill and the overhead condensers. 'Ammonia is effective

o

for increasing the_pH_of'the overhead bulk water condensate
to Qithin a safe pPH :ange,'which is about 5.5 to 6.5. But,

- ammonia §oes not neutralize condensate acidity at the ICP
and shockpoint environs where cbrrdsion is most v;rulent.
This is because ammonia is volatile and ammonium chloride
unstable in the water phase:at ICP and shockpoint
teﬁperatures. ]

These concepts can be visualized by referring. to
Figure 2, which is a graph of temperature versus pH of
condenéate for a typicaL APS_system. Curve'I is the pH
curve for an unprotected'system.- The pH at the initial

point of condensation which, in this example, occurs at

9..
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| oride corrosion. Al though the source of the corrosive attack is HC,

;he product of corrosion is iron .sulfide, hot ‘iron.chloride..“Tran-sul fitde ¢
'S ‘precipitated by the reaction between H2S ‘and sol ubl e iror chl.orfdes frqm
lre corresion reaction between HCI and the, steel equiprment, ‘thus liberating?

ddi ti onal

HCl. Fed[err] + Herr]S = FeS2 + 2HC Note that the HC is

egenerat ed by23te F—QS}LS Hpelowhllor i pHammetshu:s: aboutad anodirg mwnstream

*

U

~~“aleng . the curve left to. rlght to 180° P ‘whereé- the water ls_

totally condensed. Obv1ously, this situation is
'unacceptable sinCe the system internals will experience
catastrophlc corr0510n at the low pH's lndlcated

Curve II is for a system protected with ammeonia. Note

that ammon;a protects the system well upstream of the zone

¢f initial-condensation. but provides no pH elevation at the
virulent zone of initial condensation. |

Curve III is the pH'curye required to adequately
protect the systeﬁ. Note that the pPH is uniformly eleveted
intc the corrosion safe 5 to 6 pH rapge_across the entire
coddensatipn zZone.

Currept commercial practice to protect APS units from
ccrrosiop is tc'inject organic-amines into the APS overhead
system. The amines used are volatile, so they appear in p
the ges;phase upstream of the ICP where they react wlth some

of the HCl in the gas stream before the HCl reaches the.

‘condensation zone. However, there may not be sufficient

time and COntact in the gas phase to nedtralize_all_the HC1
upstream of the condensation po;nt. Accorddngly, some of
the HCl must be neutralized in aqueous selution after it is_
absorbed by the condehsate water phase.

| Suiteble neﬁtrelization amines include morpholine,
methoxypropylamine, ethylenediamine. monoethanolalmine, and

dimethylethanolamine. APS overhead neutralizing amines are

10
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5 e

for formation of iron sulfide, and is not consuned. The APS streans al so
contain | ow nol ecul ar wei ght carboxylic acids (acetic, propionic, butyrit :
Raci ds) which increase corrosion at the | CP.and subsequent condensati on .
Yzone. The water comi ng overhead fromthe tower is totally condensed in. the
ver head exchang and is accunul ated in the condensate drum _ The bul k

wat er condensaﬂéuEiHYaPﬁge@hP§HQ$¥$°QﬁH§9¥R%Q°%md %ﬁﬁ%ﬁ?élyaﬁH°P§ ﬁpﬁdly

corr osi ve. Exgerlencezgﬁdlcates t hat bul k. wat er- condensat e- shoul d

mai nt ai ned i 1 YAESPH  ARGeMOF CaGOITOR I S IR P AES 3EB LBSTBA PHeFﬂéad

System pH I L1 UL CRIAeISRl DA SN LS S9SEAGE LRURARGEE! cne

sidestream inlets to the tower, and directly to the crude

._oil coming into the tower. Common practice is to contrel

n

the neutralizer addition:rate'to maintain the pH of bulk
water condensate in the separator drums to between 5.5 and
6.5, and preferably 5. 5 to 6.0. If the proper amines are
selected, adequate pH elevatlon is achieved over the entire

-"0 : .condensation ione when the pH of the bulk condensate is

. maintainedzover 5.5. | |

Filming inhibitcrs are usually injected into the_
- overhead system tc”further reduce corrosicn in the upstream

sections of the overhead system. They are proprietary

formulations._usually_oil soluble, which protect equipment

w

by formlng a barrier on the steel surface. Film lnhlbltors
‘are effective in the downstream sections of the condensxng
zone where_chloride concentrations are moderate, but are not
effective at ICP end shock points.
-_A disadvantage cf using amines to control corrosion in
condensing systems.containinc Chlorides'is_that the amines
~react with chlorides to form'hydrOChloride salts_yhich
deposit on internal surfaces. The salts'depcsit on
surfeces at temperatures above the water'dewpoint; upstream
of:the condensation zone, often in tne.top_trays of the
System tower. The salt deposits are hycroscopic'and absorb
12 / |
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q!addi-tion to being subject to severe corrosion at the I CP and points of
shock ‘condensation, APS systens are al so vul nerabl e to. sever.e cqorrosion .,

upst ream of the | CP where amoni um chl oride precipitates ag a solfd out of ;
t he gas phase onto inter- nal surfaces: Amonium chloride i's formed in the;*
{system by the re en ammoni a and HCl . Ammoni a cones into the ’

) 1 by th aﬁ‘i# on beth and HCl . on !
pi pestill inRH ﬂ%n¥ﬂﬁmc B8ePbPFeSRd986hEe iEaeamhighidocorrani s, and
[ ft intent] "Ly t eut ral.i HCl in th head bul k
unt o1 conderaAteOl HLHe o | BaBeE R LR L htus e udies ABCRNTor AR REATR 1 de
equal s

he i | <k ich i hl ori de _has depo-, sited.
Chevapor pr ouar S £ e AL L R B UL B S0 A A

t he vapor pressuré

surface. Fi 9ychdbdsa sl 226n0" pYBRAL PLAEF! hEOL ATTRUNEI W dilea VA SYS

by condensate. Some operators mitigate the problem by

-

2
periodically washing the overhead system with water to

remove deposits.

Instances of salt deposition above the deﬁpoint in
'pipestills are-increasing.beCause refineries are running
heavier and dirtier crudes, which generate larger amounts of
‘chlorides and, to protect their units, operétors are |
iﬁcfeasing neutralizer amine treat rates. Ammsnium chloride
deposition above the dewpoint is also increasing because
ammonia in crude is increasing. Accordingly, there is's
5 need iﬁ the refining industry for new technology to inhibit

corrosion in wet hydrocarbon condénsing syStems coﬁtaining__
chlorides which doés not compound the prleem by inducing
troublesome salt deposits above the dewpoint. The present
invéntion is a novel process which accomplishes this |
objective. | '
| RELATED ART
Corrosion control in crude_distiliation units is
discussgd in two papers which were presented to.the Nationai
Association of Corrosion Engineers:'_Rue,_JﬂR. and Naegsr,
D.P., "Advances in Crude Unit Corrosion Control,” Corrosion
‘87, Paper No. 199, National Association of Corrosion
12 —___;__;___;_;~—;—f
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e per at ur e.
‘nt er nal
Ehl oride will
deposi ts are hygroscopic and, mhen exposed to wet process gas streans
1 ow ng by, absorb npisture,
ich is a hi
nly a problem
“the dewpdint’

chl ori de,
condenses abo

|f the partial pressure of ammonium chloride above the
surface exceeds the vapor/equilibrium pressure, then anmhgnium*

precipitate on the surface and aCcunuIate.'Annoniunﬁchloriaé e

a wet paste with a pH of about 3.5

%}rb%??%m @%uéﬁm‘r oﬂgﬁ,ﬁF' 'A#ﬂﬁnﬁum-cﬁl &ri.dangeplrager ar% P.

wpoint. If they form bel ow

&ag fo above éhe wat er

m#@hle ier| e PR5OB6Ras Ry R0 AR A AaR SRR G RAR ; md
5 .

3{;1 ﬁzepgg\?[\g%#% M%!Ir']dAg/g?g?gEgc’ﬁoP cgﬁa'glt‘?ﬁllr?él Wﬁn&e’e"l um%cuno ;ceg

annnhlunTChloE5¥%°Sl°n "90, Las Vegas, Nevada. The papers discuss the

Q!'w

(52
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amine salt'deposition problem,'which is the focus'of the
present invention, but the authors aavocate techniques whlcn

minimize and suppress chlorlde hydrolysis to solve the

problem.

The amine salt deposition pfoblem'is-addressed in U.S.

Patent No. 5,211,840, which teaches that amine salt

deposition can be avoided by using'weak base amines, those
having pKa between 5 and 8. The inventors_discovered that

hydrochloride salts of weak amines have less propensity to

‘deposit on tower internals than salts of strong amines and

ammonium chloride. The patent says the amines may be added

to the distillation unit at any_point'in the overhead system

prior te the location where the condensate forms.

Specifically. the patent teaches:

that it is necessary to add a sufficient amount of
the neutralizing amine compound to neutralize the

acidic corrosion causing species. It is desirable
.that the neutralizing amine be capable of raising
the pH of the initial condensate to 4.0 or
greater. The amount of neutralizing amine compound
required to achieve this objective is an amgount

" sufficient to maintain a concentration of between
0.1 and 1,000 ppm. based on the total overhead
volume. The precise neutralizing amount will vary
depending upon the concentration of chlorldes or
other corr051ve spec1es :
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%s wi |l not be washed away by water and the deposits will build up.

APS corrosion problens are on the increase. The increased corrosionis,, .,
attributed to several causes. Salt content of crudé oils now being run im;
refineries have increased, generating norg chlorides. Al so, crudés are °*

heavi er, whic em,har esalt. Ammonia concentrations in
pipestills haegerngﬁkgea$iﬁ;%ﬁ %Hﬁ%kmwy operatlng changes in other units.
Al so, refiners. ar ey, |_ower, grat ures ncrease |elds
of profltabre di stJ'EHE&R% éﬁ_@rgvhﬁ{?:sgf 14 rgsggguf dg;%s ai1ne Wlt¥1
advantageous to use in systems where a sub-
neutralizing quantity of highly basic amine can be

used without causing above the water deprlnt
corrosion and/or foullng problems.

LR X N J

.U\

The patent cites 4-p1collne and 3-p1collne'as'examoles of
low pka amines, and methoxypropylamlne and ethanolamlne as
nighly basic amlnes_ The patent deflnes minor amounts to be
less than 20% of treatment.
The amine salt deposition problem is addressed in U.S.
lﬁl. - _Patent No. 4,430,196{ which teaches the use of a member or
members selected from the group of dimethylaminoetnanol and
15 -: dlmethyllsopropanolamine |
| ‘The amine salt depositlon problem is also addressed 1n
U.S. Patent No. 4,806,229, which teaches: |

that certain amines having the following formula
corresponding to Formula 1 below:

R-0- (CH,) nNH, - Formula 1

wherein n is 2 or 3 and R is a lower alkyl radical
of not more than 4 carbon atoms, when added to a
crude oil charge or a various other points in the
system, effectively eliminates and/or controls
corrosion that ordinarily occurs at the point of
initial condensation of water vapors within or
leaving the distilling unit. Illustrative of
compounds falling within Formula 1 are
methoxypropylamine, ethoxypropylamine, methtoxy-
ethylamine, and the like. The most preferred
compound is methoxypropylamine.

state of the art techniques and equipment for injecting
- and controlllng addltlon of neutra1121ng agents to the APS

SYstem and other reflnery dlstlllatlon towers are descrlbed
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to rai se energy efficiency of the operation. Redu0|ng top tenperature
ften brings the. water dewpoi nt upstream from the overhead equi pnent i nt'o. :
e.tower. The first defense against overhead corrosion is-crude oil - ~ .
esalting. A desalter i's shown in the.fl-ow.plan of Figure 1. In the

TE et or o ToLpePEY .S, Sne AMELRLar b Phe L AROECD Y BB Bl o
emul si ons . forn%%eh ggejﬂélgf%geéﬁéré)crpéleﬁlé%e{;%\g?%ﬁg erm&ﬁ{ fﬁ%grs are_ -

added 't o break e enul si arge wat er

drops to enhanggnsapakalt &t e HES 1580 e Ul @g%'k 28% 8555*& %%Hoxfe%”

be removed with a single stage of water mashlng a separa I on. _
renoval effectiy¥em the tower system is continuously measured Wlth a

v1n0

' standard pH electrode. The pH signal is sent to a
controller. which compares it With the pH setpoint, and th
controller throttles the pumping rate of the amine pump used

-to-inject neutralizer into the APS system to bring the pH of
the bulk condensate reading to the setpoint. Preferably,

'E!N° the condensate is bulk water condensate taken from the_

overhead accumulator drum water boot, but condensate can be
removed from some intermediate condensation point in the
tower overhead s?Stem. A corrosion safe ranoe'for bulk
water condensate'pH is typically S to 6.5.

15 U.S. Patent Nos. 4,335,072 and 4,599,217 describe

. devices which attach to the treated system and monitor'

corrosion rate and treatment. The devices are termed
"0verhead Corrosion Simulators" ("OCS"). These patents are
incorporated herein by reference. An Overhead Corrosion |
Simulator is a small condenser heat exchanger cooled with
flowing cooling water which is installed onto the pipestill

.overhead system such that it Qithdraws'a small qverhead gas
slipstream from'the'pipeStill overhead. The slipstream isl

withdrawn from'a_point sufficiently upstream where the tower
temperature is above the initial point of_water condensation.

so that no water condensation has yet occurred. The 0CS

i



desalf than light crudes.

'S depends on the nature of the crude. Heavier oils are nore difficult to
A second wash stage is comonly used to_renpwve -
addi tional salt. Caustic (NaOH) is commonly injected into the crude, - - ¢
downstream of the desalter to reduce.chlokrides in the pipestill overhead

Tt ohlor | USLhr rhR BL ek, RRFIRPIRC AR SR, St e
cau,s.%tgmt5§§Icigy;}:gié§eyﬁg§&% %h%%g%a#}s{aﬁkle"@é&ﬁén NEDaRe cekieng

However ,

‘and i nduces o

ratirng pro ownstream-un

used in dounsiseamuBiLsatnebeaPRaGe! ERUNINE

- inposed on refineries are pol sone

by causti C.

w Ccat al ysts bei ng™

ntal - &Pt A@bugdegands being

I'TD_St |nstance_s, It 1s

inpractical tQo,{f80¥€d and rate of corrosion and/or pH are continually

-
-
P

w

- monitored using conventional instrumentation techniques.

Using the 0CS, corrosion rates and PH, at_each point in the

system where water condensation is occurring, are simulated

and continually monitored and conditions at the all

important point of initial condensation continually observed

even if the point shifts upstream or downstream in the APS

overhead system.

'GENERAL DESCRIPTION OF THE INVENTION

The present invention is a process for inhibiting

~corrosion in systems in whigh wet hydrocarbdns containing

chlorides are condensed. _The process is particularly useful

for protecting atmospheric pipestill units used_to

fractionate crude oils.

One aspect of'this invention is addition of a blend of

amines to the condensing system at a rate sufficient to

elevate pH across the entire condensation zone, and

particularly at the point of initial condensation and points

of shock condensation, to prevent corrosion of system

internals. A key element of the present invention is

formulation of the amine blend to include a sufficient

16
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ugh salt with desalters and/or caustic addition to conpletely elimnate

ACl. corfrosion. Moreover, operating upsets in the pretreat systems occw . -
ich periodically introduce |arge doses of chlorides. Accordingly, st

chioride neutralizers are added to the APS systemto inhibit corrosion. The;

st common neui#edEZeF Hrd kA am an ;b , | 8 £an
queous sol uti'on usyall yaiiﬁ?ggtgﬁg gf/ng?ﬁgagol ?’r@g%ggln@e%%eﬁ%%%fs%?ﬁlaghd '

he over head andanserech ERBka shica! beChhYC lokn s Nt il Lhe

verhead bulk water condensate to within a sa range,” vkl ¢hi's aboptr
5.5to 6.5. BLgurﬁ&E)QIBod@ﬁ&dnqbslﬁe_ﬂhfnablfzQhQOIj:@?nwi%rﬁC‘drig tae at the | CP
and shockpoi nt environs where corrosion is nost virulent. This is because
ammoni a i s vol@inger anarasnaboud the system water dewpoint temperature.

In one embodiment of this_present invention, the amine

3
neutralizer blend used to protect the system is also

formulated to preclude and‘remoyé'formation of ammonium
chloride_depos;ts”upStream'of the condénsing zone.
Another aspect of this invention is that the
'0 neutralizer amine biends are customized to the system being
treéted to achieve:an optimum pH p?ofile'along the |
condensation zone at minimum amine treat rate while
precludipg deposition of'éminé hydrochloride salts and
-ammdnium chloride. |

Still another aspect of this invention is to use an

Tt

Overhead Corrosioﬁ Simulator installed to take off a
slipstream of overhead gas from the system upstream of the
ICP to control the rate of addition of amine blend going

into the APS.

BRIEF DESCRIPTION OF THE DRAWINGS —

FIG. 1 is a simplified process flow diagram of a
typical crude oil atmospheric pipestill unit:
FIG. 2: cdntains plots of dondensing zone témperatUre

V9r5us PH of the condensed water at that temperaturév' Curve

17
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ke pH curve

corrosion at
W th ammoni a.

Fondensat i on mhlch

t
1238?5 tf Eb%t 4-5mi)‘h i %ovﬁgt%gg‘ﬁgngﬁggé‘ﬁégéﬁége IS?“# Follfd'ﬁt to
err ere t t t o} d.
c Linackopt anFERISRAR SHEL Y 7 ﬁ??ﬁ}’%‘?%@?ﬁ&fﬁeﬁeﬁs 5k Wich Mot 2"

n:_ladie unstable in the water phase at | CP and shockpoi nt tenperatures
BCSse .concepts can be visualized by refeFrlng ta'Figure 2, which i-s_a graph
t enper at ure -versus pH of -condensate for a typical APS systen1 Curve I is

for an unprotected system The pH at' the initial point of _
.bel ow 1. pH

|
Rt KT b o2 br BPE r¥?ﬁté@y§fé§%ﬁf *%%?{Ere?a%’ 3 the

zone of |n|t|aliﬁgu#gg%¥afgke;yt prOV|des no pH

U

?‘10-

FIG 3 is a graph of the vapor pressure of ammonium

chlorlde versus temperature.

DETAILED DESCRIPTION OF THE INVENTION

'Table 1 contains a listing of commercially available
amines which are suitable candidates for inclusion in the

neutralizer treatment blernid packages of this invention,

together with the key properties that affect their

performance as corrosion inhlbitors.' The list contains many
of the amines currently used in commercial service, but it

is not comprehensive and we do not intend to infer tnat_:he

scope of appropriate amines is limited to those included.

several properties and characteristics must be
considered when selecting an amine for a treatment blend:
The amine must be cest_effective,.reasonably priced per
unit weight of HCL, neutralized, and should not require
elaborate.or-expensive handling procedures to meet |
environmental and safety concerns. |
The amine must be thermally'stable at temperatures it

will encounter in the treated system. For APS systems. the

amine must be stable up to at least 400° F.

18
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ation at the virulent zone of initial condensation. Curve Ill is the pH
rve required to adequately protect the system 'Note that.the pHis-

niformy elevated into the corrosion safe 5 to 6.pH range across the -

entire

- 5-

condensati on zone. Current: connerC|aI practice to protect APS

Potem The ort nes thebrkhe A P OPgER G "SRobBRO " BTR WA

. phase et_conditions_upstream of the condensetiog,zone} bntf

wn

~.g'

also condense along with water in the condensing zone.

Amines with boiling points in the range of 200° F to 300° F
usually have the :equisite'VOlatility characteristics.
Also; the amine should be more soluble in water than oil.

Ideally, the meiting point or sublimation temperature

of the hydrochloride salt of the amine should be low

relative to the temperatures in the treated system, not
adhere'to_metal, and be readily dispersible in hydrocarbons
to minimize buildup of hydrochloride salts on internals.
The amine blend is formulated to elevate pH to
corrosion safe levels across the entire condensation zone.
from the_point of initial water condensation, where highest

chloride concentrations and lowest pH’s are observed,

through to the overhead condensate drums where the overhead

is totally condensed and bulk sour water is accumulated, and
at all intermediate water condensation points in the system.

Highest treat intensity is required at'the'point of initial

- condensation. The amine blend is custom optimized to the

condensation pattern of the treated system to minimize amine

~treat rate. Different APS units will reqﬁire different

blends, depending on their operating conditions and crude
being run.
Chlorides in APS systems have increased. Where

chloride concentrations in APS bulk condensate were

19
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g=' in the gas phase upstreamof the | CP where they react with some of
£ HCI* in the gas stream before the HCl .reaches the condensation zone.
wever, there may not be sufficient tinme and contaet in the gas phase to
utralize all the HCl upstream of the condensation point. Accordingly,
nme.of the HC nust be neutralized in agueous solution after it is .
apsor bed by t het¥BhgaAddt dnndher 39h&Se SSnmbtangeeut valiuest asnhighnas
i dcl ude nor phol i ne, nethoxypropyl ani ne, ethyl enedi anm-ne, nonoet hanol al m ne,
~and di net hyl eth8f8| BRPABT CAPYIE RS HYa P IAR b servrd ani Gesrasponddapily high
added 'as aqueous sol utiions, typically about 50% water. The nosf common -
i nj ection poi ntSe8#E PR FW%“GﬁePWéédﬁqlﬂgﬁ%ﬂ&%ﬁﬁﬁﬁﬁh%°pFﬁE§FPFICSHH°§H@“-

over head exchangers he sidestreaminlets to the tower, an i
' i ' %he.amine %rea%,rate cannot simply be incregsgarggtly

increasing the amine puﬁping rate to the treated system.

wn

The total amount of each amine in the blend must Bellimited

so'that the partial pressures of the_hydroéhloriae salts of

the amines at poinﬁs upéﬁream of the initial condensation_
_point do'not e#ceed parﬁiai pressure at which the salt will
- deposit on system internals. The required increased treat
rate is achieved by increasing the number of amine species.

in the blend. Typically, biends of at least three, and as.
' many as ten, amines are required for most.appiications.

In accordance with the present'invention. the treatment

ya
w

blend is formulated to limit the amount of each amine in the
blend so.that the partial pressure of the hydrqch;gride salt
of éach.amine'férmed in the:system by reagtion with HCL does
not exceed the partial pressure at which it will deﬁosit
from the gas phase upstream of the point of initial water
condensation.

Another aspect ofﬂthis current invenfion ié that the
amine-neutralizer blend is-formulated to contaiq_sufficienﬁ
amines with basicity greater than ammonia (K, > 1.8 x 10
exp-5) to react with enough of the chlorides to bring the
vapor pressure of ammonium chloride below the level where it
can precipitate'dn internal surfaces ﬁpstream of the

20
et Has Been Reraced .

" TR




fur

i hhi bi
Wher e

-
-
o

e crude oil conming into the tower. Comon practice is to control the
dtral’izer addition rate to maintain the: pH of bulk water. condensaterin
¥e separator druns to between 5.5 and 6.5, and preferably 5.5 to 6.0; 1f
e proper amines are sel ected, adequgte pH elevation is achi eved over the

£i d i when the pH of 1he.bul k_cond ' Intal
L7 Conen s RS AL Do B S RS B

stom They SHavsr & P '{EAOR P LA REELLO Snah BIRERYY 18K they.
py otect equi anB?PbXngoraﬂi@& %ﬁ&&ﬁoﬁhé hfnsﬁBPSEeﬁgﬁtEEC%o’F' ium

tors are"éeffective rnth ownstream sections o € condensi ng zone

chlori de.f9BzeRL.at o TS A fe BMPodL€s"ke undesirable
because they are correSion sites and induce p;uggage.
operating problems. | |

‘The amines'seiected have condensiné and volatility
characteristics close to water and are soluble in water so
that they condense with and dissolve in the condensate and
therefore are available.to neutralize HCl absorbed by the
condenséte. Depending'on its'temperature versus its |
vapor/oil/water'solubility partition characteristics, an
“amine will be very effective in one sector of the
condensationIZOne and less effective in another. The pH
versue temperature curve of Figure 2 for a system can be

 moved aﬁd shaped by changihg the amine formulation.
'Ideally; ﬁhe amiﬁe mixture can be optimelly custom blended
to achieve the desired pH elevation to co:rosion pretect the
system at a minimum amine treat rate.

The amine blend is custom matehed to the condensation
‘pattern by seiecting at least one amine for the blend which
is effective aﬁd efficient in each sector of the__
eondensation_zone; Minimizing amine treat rate by
.optimizing.tﬁe_amine blend formulation redQEes the cost_df
the-trea:ment, eiiminates operating problems due to high

- amine concentrations in downstream units, and mitigates

21
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deposi t

ont r ol

ctive at I CP and shock points. A disadvantage of using amnes to
corrosion in condensing systens-containifg . chlorides is that -the
nines react with chlorides to form hydrochloride._salts which deposit: en
nternal surfaces. The salts deposit on.surfaces at tenperatures above the

ter dewpoi nt
f the system
romthe process gas-to form highl
nduce urider depPsFIREBLNEsPBn2PRRP _
in the cpndensati.on zone because they are continuousfy

upstream of the condensati on zone, often in the top trays
é%ﬁ£$it¥ﬁ§ 931 emdagoSYAToshd dnjigleo maipi cdepais absonb noi st ure

corrosive viscous fluid or paste which
EE 134l amdne jdtend pfomehatiophés part
washed away

by condensat e. SEbTRCBp81dt BREtnfFFgat EXPREimental confirmation that the

wn

amine blend candidate works is required.

3_ Also, there is still much of whaﬁ goes on in the system
that is not fully understood. -For-exemple. we have observed
that the hYdroChleride salts of some of the amines used ln
amine neutreliZer blend formuletione have Qater of hydratien
attached to them. Depending on conditions in the tower, the
number of waters.of hydration associated with an amine selt
may vary. The volatility of amine hydrechloride salts
varies with the.number oflwaters of hydration. Since the
water of hydretion associated with an amine at system
operating cenditions is generelly'not known, the limiting
partial pressure to evoid salt deposition'is also uncertain.
Moreover, there may be interactions between amine'components
that affect salt deposition, particulerly if dibasic amines
Such as ethylene diamine ere used. Aecerdingly, candidate
amine blends must be tested in a pilot distillation unit

which simulates the tower system to be treated. Likely as

' not, the candidate formulation will have to be revised and

tested several times to determine the best formula.

Moreover, if subsequently the system ope:ating conditions or
the crude oil cempositien change, it is likely that the
amine blend.fofmula must be changed to_mainteiﬁ optimal
COrfoSion control.
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"problen1by periodically washing the overhead systen1mnth water to renove
qep05|ts | nstances of salt deposition gbove the” dewpoi nt i'n pipestitls are |
i ncreasi ng because refineries are running heavier-and diétier crudes, which
generate | arger annunts of chlorides.,and, .to protect their units, operators

are increasing neu am ne treat _rates ni chl.oride de osition
above the dewpoint’ %?%c?e‘ég?ﬁb&BEEaG@éngn‘gg g | ﬂfdé”lltg’ P

A
{echnol o0y 6 oBAY rﬁ?ﬂ%m%iéria 77008t ERoaRo EYErBR Lol é?fg%séys#ﬁfg e
cont ai ni | hl . '
ol DLn9 Chiadat A Sl ?ﬁ*ré%&%%#ﬂ?r%% gRpR0, o RPLEdHE Bitks sure,
novel processc 'dgﬁéﬁﬁé”qgﬁﬁ£¥§tﬁ9es 89&?3& gas rate, comp051t1on. and

concentratlon of chlorldes, water, ammonia and non-

5.
_conden51ble gases in the overhead, are all required data.
These parameters can be obtained by direct measurement or
from simple material balances around the overhead system by
conventional procedures. Most of the chlorlne and ammonia

“Po formed in the system appear in the condensed water phase

| collected in the overhead condensate colleetion.drums.
Accordingly. chloride rate can be calculated by simple_

' material balance, knowing ﬁhe coﬁdensace rate and its
chloride and ammonia concentration; Non-condensible gases
iz - are discharged usually from a.vent line.off the top of'the_'

condensate eccumulator drumsland are directly measured.

The water condensaﬁion rate and pH/chloride/corrosion
rate vs temperature profiles in the.tower must be obtained.
These data can most conveniently be obtained using an.

' Overhead Corrosion Simulator installed on the tower to
remove and cool a slipstream from the tower to be protected;
taken at a conﬁenienﬁ point upstream'of_where water
condehsation begins. |

The minimum theoretical or stoichiometric rate of amine
addition is the humber of mole equivalents of amine per

Minute required to stoichiometrically neutralize the HC1

This Sheet Has B
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- RELATED ART Corrosion control in crude dlstlllatlon units is discussed
i'n two papers which were presented to the Nat i onal Associ ation of “€drrosion
Engi neers: Rue, J.R and Naeger, D.P., "Advances in Crude Unit Corrfosion
Control,"” ‘Corrosion '87, Paper No. 199 ‘Nat'i onal Associ ati-on of Corrosi on

o eer S, USRS, W R oLFe aaRLlod Vet
- - -~ ta be ‘used is 1.05 to 1.20 x the_ s£01chlometr1c nate, the
| excess added to lnsure complete neutrallzatlen.  The baee
equivalents of amine required are distributed among a number
of'suitable'amines such that none of the amine hydrochloride
Salts formed exhibit'a partial pressure.high_enough'for the
salt to deposit on system internals upstream of the
‘condensation zone. 'Fof purposes of this calculation, to be
conservative it is'assumed.that all the amines form their
‘10 hydrochlor:.de salts quantltatz.vely Moreover, to provide a
’ further margln of safety, it is good practlce to blend the
amines s¢ that there will be no salt depositfqn'even if
_temperafures in the overhead'fall 50° F below actﬁal
operating-temperatures; The ideal_éaS'iaw can be used to
f;s . make the required calculations. |
In-addition,.the amine blend is formulated so that_
sufficient aﬁounts of emines with baeiCity (Ky's) greater
then emﬁonia are fed to the treated eyetem to preclude'
_deposition of ammonium chloride upstredm of the point of
initial water condensatioh. :The'molar ratio feed rate of
high K, amines to ammonia should be at least 1.1.

Both the amine salt and ammeﬁium chloride deposition
eomputations have an inherent degree of uncertainty.
Acéordingly. it ie good practice to test .the cagdidate aﬁine
blend formulation in a lab unit which simulates the freated

'.SYstem'to_confirm that the candidate amine blend adequately

ThlS Sheet Has:Been Rerla
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ENat i onal
da. The papers discuss the am ne-sal4 dep05|tkon problem which is the
pcus of .the present invention, but t he -aut hor s "advocat e t'echni ques mhlch
tni mze and suppress chloride hydronS|s to solve the problem The anmine:
alt deposition problemis addressed‘in U'S. Patent No. 5,211, 840, which
eaches that GAPNATES ftheeibivs CIPRREF afze ofwede byo u§Pﬁ§°§/é9?Rl‘l§z§s‘-@

t hose having pKa between 5 and 8. The inventors di scovered that

ydrochl or i dE1E3PAS GETRSS the mendaRsatien prRgensFhaty 5hgepBdne

Associ ation of Corrosion Engi neers, Corrosion '90, Las Vegas,

Sr-afsher |

iInt er nal s than salts of strong am nes_and ammoni um chl ori de~ The patent

ays the aniné§ RR}IB@ldddef Hlsians cﬁ%zt'ltFlP%tﬁbﬁt%l}Pe&Pgaﬁ;’Feﬁ& ' ﬁ?‘dt he

overhead syste rior to the | ocation:where t
0 SYStEhak J

W

\'0

no deposits of amine salt g& ammoriia form upstream of
the condensatlon zone.

The lab unit used to simulate APS systems is a small
eontinuous distiliation tower with .20 trays,la rebdiler,.an
overhead'cendensef, and a condensate CQilection vessel. The
unit simulates the upper trays and overhead system of the

treated system. _The lab unit is operated at one atmosphere

Vtotal pressure. whereas the APs'operates at several

atmospheres. However, the partial pressures of the
components in-the.overhead system, naphtha, HCl, amines,
hitrogen (to simulate non-condensible gases), and ammonia,
are all maintained at the same ratios as in the APS so the
simulation is Valid. A naehtha_is_selected which matches
the composition of the naphtha in the overhead stream in the
treated system ' For most APS unlts. full range naphtha is
an approprlate test feed to match the gas in the overhead.
Feed rates of HC1, waterL ammonia, and nitrogen (to simulate
non-condensible Qases) to the lab unit are "fixed to
duplicate the partial pressures of these componegts'in the

APS system. The lab unit is made of a_tfansparent material

such as glass.or plexiglas so that salt deposition in the

tower can be visually observed.

25
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.nsate forms. Specifically, the patent teaches: that it is necessary to
g<a sufficient amount of the neutraI|z1ng am né eonpound to neufralize

e . aci dic corrosion causing species. It-is desirable that the neutralizing
i ne be capable of raising the pH of .the initial condensate to 4.0 or

eater. The anount of neutralizing amn ound requ d.to achi eve thls
jective is an am@hCEAITERBIPRE nAR tEFgB§°€8HPEgtV§ﬁ|8hCSPlﬁﬁ

1to 1,000 p on the total_ overhea e precise A
utralizing a giﬁﬂahQ&Hﬂlﬁéb%ﬂa¥ﬂ§ ﬁﬁg gPh8£%aln Iﬁe-%orresaon vs..<

temperature curve upstream of the dewpoint. A pH probe is

used to measure pH of the condensate below the dewpoint.

The candidate neutralizer amine blend is.injected into

(¥ 1%

the lab coluﬁn‘at a-éonvenient_point upStream-of the
condensation zone, typically about five trays from the top
of the column | | _

| A typlcal run lasts several hours, auring which the

ph/corrosion rate vs tower temperature profile is

.,‘_,._..._...._'.
B =

.continually monitored acroes'the observed water condensation
zone in the tower. :The amine feed rate is increased to
bring the pH at the poiht of initial condensation in the
corrosion-safe 5,0 te 6.0 pH range. The unit is checked

visually for deposition of ammonium chloride and/or amine

e

hydrechloride salts.

In- APS unite) the conveﬁtional'method of ;ontrolling
the rate of injection of amine blend into.the APS.is to
throttle the feed rate to maintain.the pPH of the bulk
condensate which accumulates in the Qater boot of the
overhead condensate drum within a_corrosioﬂ;safe range.
typically 5 to 6. The amine pumpiﬁg rate can be-controlled
manually or by closed-loop automation. |

An alternate and preferred method of.controlling the
rate of addition of the neutralizer amine blend involves use

of an Overhead Corrosion Simulator. Control can be

26

This Sheet Has Been Replaced

A




entration of chlorides or other corrosive species. The patent also
aches: blending a mnor anount of hrghly basic anmine with a | ow pka,
1 ne. These bl ends would be advant ageous to use- |n,systens wherera -~ -
b-neutralizing quantity of highly basic am ne can be ‘uséd ‘wi t hout cau5|ng

2pove the water dewpoi nt corrosion and/or fouling problens. The patent
cgtes 4-picol i aecomglishiedo maifi AL e BT Soéra 0¥r PkRoapepesdieBdly looks

thoxypropylan1ne and et hanol'am ne as highly basic am nes. The patent
d¢fines 'nt nor"aupthesOCs bE l%y dihav60dn trgeénprdbLile and.lncreases -or
decreases amlne blend flow rate by adjusting Lhe setp01nt on
the amine feed pump rate coﬁtroller to maintain a corrosionf”

Safe PH profile. The operator will pay particular attentlon

("1}

to the point of 1n1t1al water condensatlon where the pH ls
lowest and corrosion risk highest. The system can sound an
alarm if PH falls or corrosion rate rises at any point if

- the 0CS falls out of control specification. Alternatively,

e i v s s

’0 the control can be automated with commercially av_ailab-lg-
instruments. A scanner peak picker instrument can be
providéd_ﬁhich periédically scans the pH profile in the 0CS
and picks out the lowest pH. The low pH signal is sent to
the amine feed rate controller on the feed pump, which
compares it with thg setpqint. The controller_adjusts amipe
-pﬁmp feed rate to maintain the point of lowest pH at the
_setpbint. _ | ' | |
The amine blendICan be injected into the overhead

s?stem or into any convenient downstream point below the
decomposition temperature of the amines. Preférably, the -
‘amine blend'should be added as far upStreaﬁ'as possible away
from the condensation zone to allow maximuh time_for the |
vapor phase reaction betweeg the amines and HCL to occur. A
suitabie_addition point for an APS unit is to the kerosine

stripper return line. The amine neutralizer blend is
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t eaches:

U

i3

~5Q% water. T P .o m oL

The amine salt deposition problemis addressed in U'S. Patent No.

.47 430, 196, which teaches the use of-a menebr or-senbers_sel ected-fromthe
group of di met hyl am noet hanol and dlnebhyllsoprqpanolanlne The-an1ne sal t
deposition problemis also addressed in U S.- Patent No. : 4, 806, 229, ‘which
-7- that certain am nes haV|ng the follomnng fornula

correspondlngdsmd%ﬂyﬂddhihlstered as an aqueous solution, typically about

EXAMPLE 1
Ammonium chloride dep051tlon was 1nduced in lab

dlstlllatlon unlt 51mulat1ng APS overhead.
Rate

Stream components | Mol %
.Naphthal(IBPT321 F; EP-352 F) 66.26 70 ml/min
Water - - 33.70 3.62 ml/min
Non?condensibles'_ |  0.004 5.35 cc/min
Ammonium hydroxide 0.0012 0.028 g/min
HC1 T - 0.0012 - 0.025 g/min

Salt deposition in the tqp five_trays started

immediately aﬁter initiatien of flow of ammonium hydroxide

and HCl. Fouling quickly worked its way into the overhead

. condensers. The run had to be terminated after'?Slminutes

because .the top trays were severely fouled and the column
was flooding. 'Cerrosion rates in excess of 400 mpy were
recorded at locations above the water dewpoint temperature.

Corrosion rates above 5 mpy are excessive.

EXAMPLE 2 | -
'The same as Example 1 except the; the followihg aminee
were added five trays from the top of ;he.celﬁmn:
Amine | ~ Rate, moles/min

MOPA . 0.031
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gow RO (CHerr])nNH err] Formula 1 wherein nis 2 or 3 and R
s.a lower alkyl radical of not nore.than 4 carbqn atons, when added to- a
rude oil charge or a various other pdints in tife system: effectkveLy

§/i minates and/or controls corrosion that ordinarity occurs: at -t he- p0|nt of
“ifnitial condensation of water vapors withimn or |eaving the the distilling
nit. Illustrative of compaunds falling withi;mmgornula 1 are

‘net hoxypr opyl anmi ne, et hoxypropyl am ne, - net ht oxy- et hyl ani ne, and the like.
The nost prefered cNop&badd!%dﬂﬁﬂaepqsunndnmwaxeobserved elther in the .

column or overhead condenser The run was termlnated after
4 hours. but could have gone on indefinitely. However,

corroSLOn rates in excess of 400 mpy were again recorded

WL

above the water dewpoint temperature

EXAMPLE 3

ISame as Example 1, but oniy for.ls minutes, to form
9 _ coating of ammonium.chloride on the top column trays and in
* the condenser. Then the. oustomized multi-amine blend was
introdoced. Not only did fouling stop, but the.salt

deposits in the top trays and the overhead condenser

vanished over a period of about cne hour. Most

significantly, corrosion rate above the water dewpoint

.-
e

dropped to only two mpy after the salt deposits vanished.

EXAMPLE 4
This example shows one calculation procedure indicating
%. _ how an amine blend for corrosion treating an APS can be

formulated using the present invention:

'AES stream Component : .~ Moles per Hour
Naphtha'to overhead . 5124
| Water overhead = o o 361
Chlorides overhead . R 0.023
29 \\
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State of the art .techniques and equi prent for injecting and controlling
ddition of neutralizing agents to the-AﬁS_systenTand ot her -refinety -
istillation towers are described in pending U. S:. Patent Application Serial

No. 07/867,890, which is incorporated hergin by refierence: In one

~embodi ment of the di agghesyke ovd¥nddd of condensate renpved frenhkae t ower
systemis continuously neasured with a standard pH el ectrode. " The pH si gnal

is. sent.to a control keh-cWhidehGHMARSsdd a@é%héggepkisetpoi?ts and the
controller throttles the punping rate of the anine punp used:-to-inject . ;
neutralizer into theTdB81SyvieaRdad et he pH of the bulk cgngggsaibe -
reading to the setpoint. Preferably, the condensate is bul k water :

condensat e taken froopebatang texdiiat@Hg!! ator drum wat er boot, but
condensate can be renoved fromsonme -

5 . Total pressure | 23i1 mm Hg
Tower top temperature | 370.?
‘Water dewpoint temperature 230° F
o Tdtal.condénsatidn temperature 110 F
| .Elo " The initial estimate ofleqﬁivaleﬁts of amines required to
‘*. control cofrésion is 10% more than the theoretical amount'

required to neutralize the chlorides, 1.1 X 0.023 chloride

moles pgr'hour rate = 0.025 moles per hour of amines.

%15. - The_candidate-aminé blend will include MOPA, MEA and
morpholine. Calculate.maximum moles pef'hour_of each.amine
that can be fed to the system so that partial pressure of
each hydroéhloride salt does not exceed its
dewpoint/sublimati&p pressure at 210°F, which is a 20°F

4 safety'margin bélow the water dewpoint temperature. (The
ideal gas law_is applicable for these calcﬁlations.) The
maximum amine rate is the total overhead flow rate 5488.69
moles per hour X vapor preSsﬁre of the aminé hydrochloride
at 210°F in mm Hg divided by tdtal'system pressure, 2311 mm

Hg.

30

This Sheet Has Been Reﬂlaced




i'nternmedi ate condensation point-in the tower over head system A corrosion
‘safe range for bul k water condensate pH is typicaldly 5 to-6:5. WS, Patent
Nos. 4,335;072 and 4, 599, 217 descri be devices whi.<ch attach to tHe.treated
system and nonitor corrosion rate and, treatnentJ-The devi ces are. terned
"Over head Corrosion Simulators” ("OCS") ‘These patents are incorporated
herein by ref ePsvice SaltO/er hed®l @or2d8i Bn SMaul aRBines ratenalAC oddimser
heat exchanger cooled with flow ng cooling water which is i nstt®Y%d onto

the plpestlll' ?ﬁﬁ system su tyigt t ayR 13 syl 1- _Queyihead gas
sllpstrean1fron1tﬁe pipestill %vg@% H@ #hemglpggtreanF|S\M IMQ gfon1a
point sufficiently upstreamwhere the tower tenperature i's above the
initial point MEAWHCEr condenskt0®% so that 0.013 - 0.012
B Morph-HC1l 0.002 ©0.005 0.002
5 . Total | 0.043Moles/hr-  0.026

This computation lndlcates that if the requlred 0.025 moles
per hour amine feed rate were satisfied with a blend of
0.012 moles/hr of MOPA,_0.0IZ moles per hour of MEA and
0.002 moles per hour of'morpholine; there would be no
. 40 ' deposits of the hydrochloride'sait of an amine at
*l temperatures above the water dewpo:Lnt -- assumng that no
anomalous effects due to assocxatlon of waters of hydratlon
with amine salts or salt inte:actions occurred which effeet
the vapor pressure of.the salts. Within the cdnstraints of

maintaining the total amine flow rate at the rate required

. e
L

to neutralize the chlorides and not exceeding the
precipitatioh partial pressures of the amine salts,.the'

ratios of the amine components can be varied; and this is

often done to optimize and shape the pH profile across the

&5 condensation zone. | |
| MOPA and MEA have K;'s'higher than'amhonia and, since

‘for this case the total amine 0.024 moles per hog; feed rate
exceeds the molar rate of chlorides coming overhead in the
system._there is no risk that emmoniﬁm chloride will deposit

X ': aone the water dewpoitt. In the_general situation, it -

-would be assumed that amines with kb's'higher_then emmonia
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no- wat er condensation has yet occurred. The OCS cools t he overhead stream

'n smal| tenperature increnents fron1|n11|al condensatlon 1 hr ough” tofal
condensation. The condensate at each stqge of coeting is. continudusly
col l ected and rate of corrosion and/or pi are contlnually nmoni t ored usi ng
conventional ‘instrunmentation techni ques. Usjing the corrosion rates_and -
pH, at each povavlfnrepetsgyeaiml ﬁkﬂeﬁlEﬁnﬁﬂﬁgégé%napg EUFFPﬁ&nlgﬁé
sinul ated and continyal ly nonitored_and condlt I

poi nt of |n|t|§Fl€BﬁG€nESPFan86Wtﬁmmﬁq %@ﬁ ebﬁekgggﬁ%% ifts

upst ream or %i Feam in_the A Sool?\éi o eig 3 %% %E%QQEWEB{ ng

THE | NVENTI ON €ent TRR%e 'ting Cofrosion
in SyStenB 'n Mhufg be. computed and, u51ng Figure 3, it would be verified

w

that ammonium chloride would_not precipitate at temperatures
above the water deprLnt. | | |
The candidate blend of MOPA, ‘MEA and morphollne ls_
tested in a lab APS s1mulat;on test. The pH profile across
-the water ccndeﬁsation zone is observed. The amine blend
0 feed rate is increased until_the pH profile is entirely in _
*1 | the corrosion safe range; a_bove pH 5.0. The amine fe_ed rate
| is compared with the theoretical stoichiometric rate
requlred to neutrallze the chlorides to determlne that the
- excess ' e ratio required is reasonable. The lab column

is checked visually to verify that no amine salt deposits

. -
[¥1}

form. Also, corrosion probe is checked to insure that the
corrosien rate is beloﬁ 5 mpy. Finally, the ratio of amines

in the blend is varied without exceeding the maximum amine

limit_of any eomponent to determine the optimum amine blend
- ratio for the three component mixture which provides the
required pH curve elevation at minimum total amine teed
rate. | - _.
If amine salt deposits are observed upstream of the
water dehﬁoint line using the MOPA, MEA, morpholine
candidate blend, even if calculations made using Qaporl

pressures of the hydrechleride salts indicate no deposition
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:ti hydrocarbons contai ning chlorides. arg condensed. The process is

particul arly.useful for protecting atnospheric p+pest|II unlts us€d . to
fractionate crude oils. -8- One aspect of this: d‘nvention is addifion of ,
a- bl end of -anines to the condensing systém,at a rate sufficient to elevate -

P Er el Sondanshiads SBESAASY F00Ex BESHREIS L ENOR, he St e on
of SySte”'“nte%ﬁTd§ H%d?ﬁ%ﬁﬂé?@ﬁgsOﬁaéhfe8§33§Eer %eﬂ§69%ﬂlon.assoc1ated o
‘with it at condltlons in the system, and the less hydrated |
salt has Squlflcantly lower_vapor pressure'than ;he more
5  unhydrated sait. The candidate amine mixtufe is.reformuiaﬁed
~ with additional amine components and the new mixture tested
in the APS'simulation lab unit. This process is repeated.
.untii a satisfactory amine blend for the.APs system to be

treated is devéloped.

b

33

This Sheet Has Been Repl

- IS I




orhulatlon of the am ne blend to include a suff|C|ent nunber of different
Im nes to avoid inducing deposition of the hydrochlorlde sal't s of-dny: of
the am nes on internal surfaces |ocated upstrean1of t he .| EP. whi ch .are at
t enperatures above the system water -dewpoint tenperature. According to a.
first aspect of - the invention there is provided a process for i nhi biting
corrosion in condensing systens conpr|S| I_gydrocarbons wat er and
chl ori des, said process conprising: feedl‘g bl end of am nes to the
condenS|ng systen1at a rate whi cavms roratorsosidiecontfonf t he” mater—condensate

at all-points in the condensing zone of said condensing syst e above thé pH
at which significant corrosion of the construction terials of the
condensi ng zone QGGENES, S d.xbbﬁend Bafing | NEUTRALIZATION | SOLUBILITY | MELTPT.
o P, °F | EFFICIENCY (EQUIV. | RATIO OFHCl
WT) WATER/OIL | SALT, °F
AMMONIA 1.8 - 17 >98% 644
1 , . - (sublimes)
. MOPA 13 243 | 89 >98% 206
MEA 32 338 60 C >98% 170
EDA 5150037 | 242 30 >98% 530
(sublimes)
aPA 51 118 " 59 >98% 320
“ MORPHOLINE 0.21 262 89 >98% " 150
' DMA 54 45 45 >98% 333
DMEA 16 | 22 | 89 >98% 135
DEAE 52 2 | >98% 270
DAMP 93/0.832 | 327 51 >98% 176

' &
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Yanines f or mul at sufficient nunber of diffefent amines so that no
hydrochl ori de s T“m uﬁmm’ Im am hes.in said.am ne blend-can deposit as L{’
a liquid or ‘a s surfaces of the sald -condensi ng system
which is hotter than t he water demp0|nt tenperature of - said conensing

system said blend al so being formul at'edté contain sufficient amnes with

K[ eftr] hlgher“ﬁh&daﬂﬂﬁnna.to pr event fornatlon of deposits of solid
annonlun1chlor|de on.said internal sur lgéln sai d condensi.ng sys en1mh|ch

are?hotter than the wateh REIGRTHt LOF H’: RAdBEs FRITFSLEM I
secgnd aspect of the |nventjon there rovi ded_a_pr.o for. j nhi b t
cor 05|onp|n SESFERS PR T c%%ﬁf?ggﬁé §dr8@§?58ﬁ§%ﬁﬁ§%ﬁrﬁ§ﬁf) éaigg'

4 - process compr151ng feeding a blend of amines to the said

5 condenSLng system at a rate which malntalns the pH of.the

S - weter condenSate at.all'points in the.condensing zone of

e7 said condensing systemrabOVe'the PH at which'significant |

8 corrosion of the construction materials of the said

9 condensing zone occurs, said_blend of.amines formulated
ii.o | | using a sufficient number of different amines so that no

11 .~ hydrochloride salt of any of the amines.in'said amine blend

12 can deposit as a liduid-or a solid dn aﬁy internal surfaces

3 of the sald condensing system which is above the water

dewp01nt temperature of sald condenszng system

s

2. A process for inhibiting corrosion!in condensing
! systems EOmprising'hydrocarbons, water and chlorides, said
3  ' process comprising feeding a blend of amines to the said
i -~ . condensing system at a rate which maintains the said water
% - condensate pH at all points in the condensing zone of said
¥ . condensing system aone the PH at which sigﬁificant
corrosion of the construction materials of the said
\ condensing zone occurs, said blend of amines formulated from_
‘ - a sufficient number'cf different amiﬁes so;that for each

.amine the partial pressure of its hydrdchloride salt does
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1!hlor|des SaI? |ng feeding a blend of amnes to the
condensi ng sys umaﬂﬂg'"ﬂﬁﬂrmllch mai ntgins ther vvater condensat e-pH at al I
points in t he condenst ngr zene «0f sai d cdnden5|ng systen1above t he-.pH at-
whi ch si anificant corr03|on of the constiryction naterlals of the said

condensi ng zone_occurs ‘bl end_o u c
nurrg’g'r of diff AEhtEXTES t§% Yﬁa?rf%%&uggzzgﬁg the pzﬁ% I a @%éeéé%r%ﬁ%#

i ts ;hydrog e eq\a W SR AL EPEem .-
pr esrs}ure f%h%%‘é%% %?g %Q%Et é% gﬁ%gl ﬁt\f' 8‘?& tﬁeallc%ndeny Ag- %%styem eEgal d
bl end al so being fornulated to contain enough noles of anmines with basicity
greater than ammonia so as to reduce the partial pressure of ammoni um

. chlonide in said coqgen5|fﬁbs§§5@gg§ocfha1a§mnqn|qm(ﬂﬁj&nckh§a@aga amlne
condense on

2. _ blend contains one or more amines with K, higher than
3 _ | ammonia and the feed_of said amine_blend to said gon&ensing
s sysﬁem contains sufficient amines withlxg_higher than
5 ammonia to prevent formation of deposits of solid ammonium
6 chloride on said internal surfaces in said condensing éystem
“ 7 - whicl-; are above the said wat.er dewpoint of the s;id |
8 - condensing system. |
1 S 4. The process of claim 1, in which one or more of
2 the said amines in said amine blend has K, higher than
3 ammonia, and enough moles of said amines with K, above
4 L ammonia are fed to éaid c&ndensing'system to reduce the
5 _ ..partial~pressure of ammonium chloride in said condensing
6 . system so that ammonium chloride can not condensé on
7 ' surfaces in the said condensing system which are at
‘8 o temperatu;es above the said water-déwpoiﬁt'temperaturé of
y . - - the system. | o
5. The procéss of claim 1, in which the said blend of

amihes is custom :ormulated to the said condensing system so

that the pH profile throughout the condensing zone of said
condensing sys;ém is above the pH at which significant

S
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SHR¥ aces in sai em which are at tenperatures hotter than

the water -dewp;kﬂmﬂ ﬂﬁiﬂ" ngf t he system Anot.her ,aspect of tti.s '

i nvention=is t hetneat IsSer  am ne:bl ends ar€ custohi sed to.the system
belng treated to achieve an optlnun1pH proflle al ong the’ condensation zone

t t t whi |

Pydr Sohl or | do. SRTESSIRR RETHRENT %s‘?fv%ew%t %‘é%h%{l%&%s%é%t?a%dth.s

i nvention is t Over head Co I

1 b8t r sant of -SRI oY T o FeC 08 Bn S sl Sfiﬁ‘? %ﬁfo *91 tue.

the rate of addition of am ne bl end 90|ng into the APS.

1 6. The process of claim 1, in which the said feed
2 '~ rate of said blend of émines is controlled using an Overhead
3 Corr051on Slmulator to monit the pH versus téhperature
4 . profile in the said condenszng zone of sald condenszng |
5 ~ system. | |
-1 - 7. The process of.claim 1, in which the said
‘.'z . oondensing system is an atmospheric pipestill used to
3 _ distill crude oil into product fractions.
1 | 8. The process of claim 1, in which the said amine
2 o blend is'dete:minéd by testing a candidate blend of amines
3 .ih a lab unit which éimulates‘the said cohdonsing system,
; " increasing said amine feed rate to elevaté_tho pH profile in
5 : the water.condensing zone above the séid corrosion éafe pH,.
5 _ obéerving if soid hydfochloride salt deposits of one or more
‘7 components fofm above the water dewpoint temperature, and,
3 ) if'said depoSits do form, increasing the number of

I components in said amine blend while reducing the feed rate
i - of each component untll the said safe pH elevatlon is
achieved w1thout said amine salt depo51tlon above the Sald

water dewp01nt.
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d agram of a typical crude oil atnospheric pipestill unit;

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a 5|an|f|ed process_ fl ow
FIG 2 contains

pliots of condensing zone tenperature versus pH of the- condensed wat er’ at

t-hat tenperature. Curve | is typical of gp,untreated systen1 Curve |

representative of a systeminproperly treqhﬁyr

Mép ammoni a

“is for a systenlproperly treated with amné neutralizers.

preclude depositioﬁ and accumulation of the hydrochloride

: controlled using a small condensing éyScem which condenses_a

15

The dlsclosure 1s a process for inhlbltlng_corroSLOn in

condensing systems comprising wet hydrocarbons and chlorlde

only. Curve II1

which comprises feeding awture of amines to the

condensing system to elevate the pH profile of condensed

water above the range in which severe corrosion of system

internals can occur. The amine blend is formulated to

salts of the amines above the water dewpoint and is

optimized to the condensing system to minimize amine treat

rate. In one embodiment,

slipstream of gas taken from the system upstream of the

condensing zone and continually measures the pH profile in

the condensing zone.

* h:\naid\084\pa\patent

the amine blend feed rate is

-_
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inclusion in the neutralizer treatment bl end packages of this invention,
together with the key properties that dfféct their performance as corrosion
The list contains many of the amnes currently used in

service,

i nhi bitors.
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anllt for a treatment bl end: The am ne nust be cost eff%kflve reasonably
priced per unit weight of HCl, neutralized, and shoul d not require

el aborate or expensive handlinggprocedures to nmeet. environnental and safety.
concerns. The amine nmust be thermally stahke at tenperatures it will °
encounter in the treated system For.APS systens, the am ne nust be stable
up to at least 400[err] F. The amine nust be volatile enough to be in the
gas phase at condltlons-upstrean1of the condensation zone, but also .
~condense along with water in the condenS|ng zone.” Amines wWth-bditing -
points in the range;i'FOO[err] Fto3 [err] F usual | y have the reqU|5|te

i

volatility charact erq cs. Also, the ne shoul d be nore
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1. Field of the Invention DATE OF b4
This invention relates to inhibiting corrosion in s RECEI.EE ol ey

hydrocarbons which contain water and chlorides, and, more particularly, in the
overhead of crude oil atmospheric pipestills.

2. Description of the Prior Art

Crude oil refineries include an atmospheric pressure pipestill (APS) which
fractionates the whole crude oil into various product fractions of different volatility,
including gasoline, fuel oil, gas oil, and others. The lower boiling fractions,
including naphtha, from which gasoline is derived, are recovered from the overhead
fraction. The fractions with intermediate volatility are withdrawn from the tower as
sidestreams. Sidestream products include kerosene, jet fuel, diesel fuel, and gas
oil. The higher up on the column the sidestream is withdrawn, the more volatile the
product. The heaviest components are withdrawn in the tower bottoms stream.

Figure 1 is a simplified process flow diagram of a typical crude oil
atmospheric pipestill unit. The crude is preheated in preheat exchangers against
overhead product and then heated up to abut 500° F to 700° F in a direct-fired
furnace. The feed is then flashed into the atmospheric pipestill which operates at a
pressure between one and three atmospheres gauge pressure. Overhead tower
temperature ranges typically from 200° F to 350° F. Figure 1 shows a two-stage
overhead condenser system; alternative systems use one condenser stage. The
overhead and sidestream products are cooled and condensed and sent to other
units to be processed into final products. The bottoms stream goes to a second
distillation tower (not shown) that operates under a vacuum and distills more light
products out of the APS bottoms. Steam is added to the bottom of the tower to
promote stripping of light products from the bottoms. Also, water is added to the
top of the column to wash away soluble salts which often accumulate in the top
trays and overhead components. The stripping steam and wash water coming into
the system are substantial; the overhead naphtha gas stream coming off the top of .
the tower typically contains 20 to 40 mole % water.

The corrosion that is the subject of this invention occurs in the overhead
components of the atmospheric pipestill which include the top tower trays, the
piping that comes off the top of the tower and the reflux lines, the heat
exchangers, the condensers and rundown lines, and the distillate drums where the
.condensed overhead stream is separated into liquid naphtha product and reflux.
Materials commonly used in APS overhead trays and components include carbon
steel, Mone|] 400 and 410 stainless steel. Corrosion damage can be very severe,
including metal loss severe enough to cause leakage to the external environment
and internal heat exchanger leaks, plugging of trays and other internals which
interfere with tower operation and control and impair energy efficiency. In addition,
corrosion in the APS can cause operating problems in downstream units. Because
of the severity of the corrosion, even one day of uncontrolled corrosion can have
serious consequences. Corrosion in the overhead exchangers is the major concern.
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P P orlaee and ca(?cmm chloride. Depending on the source of the saltwater, the
amount of each salt in the crude can vary considerably. Sodium'chloride is stable
and does not hydrolyze significantly in the atmospheric crude tower system. HCl is
released when MgCl, and CaCl, are hydrolyzed by water present in crude oil:

MgCl, + H,0 = 2HCI = MgO
CaCl, + H,0 = 2HCl = Ca0

The chloride salts begin to hydrolyze at temperatures in the range of 350° F to
450° F, which occur in the preheat exchangers.

The HCI produced in the preheat system does not cause corrosion there
because there is no liquid water present. The HCI, however, goes through the
pipestill and passes into the overhead gas.

Temperature decreases moving up the tower and into the overhead system.
At some point, temperature falls below the dewpoint temperature of the process
gas and water condenses on the equipment surfaces in a thin film. This point is
called the “initial condensation point” or “ICP.” Water continues to condense as
the process gas moves downstream and is further cooled. The overhead gas is -
totally condensed in the overhead condensers, is accumulated in a condensate
drum, and is removed from the bottom boot of the condensate drum. Operators
usually maintain the temperature at the top of the tower at least 30° Fto 40° F
above the water dewpoint to avoid corrosion in the top trays. The trend, however,
is to reduce tower top temperature to improve recovery of naphtha, and this drives
the dewpoint down into the tower. Accordingly, the water dewpoint usually occurs
in the overhead system, but it can occur within the distillation tower if the
composition of the process streams and tower operating conditions combine to
raise the dewpoint above the top tower temperature. Spot or “shock
condensation” can occur upstream of the ICP if there are cold spots on upstream
surfaces where, for example, insulation is worn and the tower shell is exposed to
cold wet weather or at cold spots on heat exchanger tubes in the condensers.
Accordingly, the locations where condensation initially occurs are uncertain and
changeable as operating and ambient conditions change.

The ICP and shock condensation points are important because that is where
chloride concentration is highest and pH lowest. Initial condensates, if untreated,
exhibit pH’s as low as one or even fractional pH'’s, and the danger of catastrophic
corrosion at these points is great. Corrosion by acidic chioride condensates is
driven by the hydrogen ion concentration {pH) via the reaction:

Fe + 2 HCI = FeCl, (soluble) + H,

Hydrogen sulfide, which is formed in the pipestill from organic sulfur
compounds in crude oil, also dissolves in water condensate and accelerates acidic

This Sheet Has Been Replaced
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Note that the HCI is regenerated by the H,S. Hydrochloric acid thus acts as a
catalyst for formation of iron sulfide, and is not consumed.

The APS streams also contain low molecular weight carboxylic acids (acetic,
propionic, butyric acids) which increase corrosion at the ICP and subsequent
condensation zone.

The water coming overhead from the tower is totally condensed in the
overhead exchangers and is accumulated in the condensate drum. The bulk water
condensate contains chlorides, sulfides, and ammonia, and is mildly corrosive.
Experience indicates that bulk water condensate should be maintained in the pH
range of about 5 to 6.5 to minimize corrosion in the system. pH in the bulk -
condensate is controlied by adding a neutralizer, such as ammonia, to the overhead
system.

In addition to being subject to severe corrosion at the ICP and points of
shock condensation, APS systems are also vulnerable to severe corrosion upstream
of the ICP where ammonium chloride precipitates as a solid out of the gas phase
onto internal surfaces. Ammonium chloride is formed in the system by the reaction
between ammonia and HCi. Ammonia comes into the pipestill in the incoming
crude oil and other incoming process streams, and is often intentionally added to
neutralize HCI in the overhead bulk sour water condensate. At equilibrium, the
partial pressure of ammonium chloride over the internal surface on which
ammonium chloride has deposited equals the vapor pressure of ammonium chloride
at the temperature of the internal surface. Figure 3 is a graph of vapor pressure of
ammonium chloride versus temperature. If the partial pressure of ammonium
chloride above the internal surface exceeds the vapor/equilibrium pressure, then
ammonium chloride will precipitate on the surface and accumulate.

Ammonium chioride deposits are hygroscopic and, when exposed to wet
process gas streams flowing by, absorb moisture, forming a wet paste with a pH of
about 3.5, which is a highly corrosive environment. Ammonium chloride deposits
are only a problem if they form above the water dewpoint. If they form below the
dewpoint where water is condensing profusely along with the ammonium chloride,
then the deposits will be washed away. But, if ammonium chloride condenses
above the dewpoint and water is not condensing on these surfaces, ammonium
chloride deposits will not be washed away by water and the deposits will build up.

APS corrosion problems are on the increase. The increased corrosion is
attributed to several causes. Sait content of crude oils now being run in refineries
have increased, generating more chlorides. Also, crudes are heavier, which makes
them harder to desalt. Ammonia concentrations in pipestills have risen because of
refinery operating changes in other units. Also, refiners are running lower tower
top temperatures to increase yields of profitable distillate fuels, such as jet fuel, and
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protect the g3 ¥aslrter 5 Sho@rr in the flow'B plan ox‘ lgure 1 {7 the desalter, crude is mixed with
about 5% water, which dissolves the salt. The salty water is separated from the
crude and discarded. However, oil/water emulsions form that are difficult to break.
Chemical demulsifiers are added to break the emulsion. Electrical devises which
charge the water drops to enhance separation are also used. Up to about 90% of
the salt can be removed with a single stage of water washing and separation. Salt
removal effectiveness depends on the nature of the crude. Heavier oils are more
difficult to desalt than light crudes. A second wash state is commonly used to
remove additional salt.

Caustic {(NaOH) is commonly injected into the crude downstream of the
desalter to reduce chlorides in the pipestill overhead system. The caustic reacts
with the magnesium and calcium chioride to form sodium chloride, which is more
thermally stable and so will not hydrolyze. However, caustic treat must be limited
since caustic causes furnace coking and induces operating problems in downstream
units. New catalysts being used in downstream units in response to environmental
control demands being imposed on refineries are poisoned by caustic. In most
instances, it is impractical to remove enough salt with desalters and/or caustic
addition to completely eliminate HCl corrosion. Moreover, operating upsets in the
pretreat systems occur, which periodically introduce large doses of chlorides.

Accordingly, chloride neutralizers are added to the APS system to inhibit
corrosion. The most common neutralizer is ammonia. It can be added as ammonia
gas or as an aqueous solution usually into the overhead lines between the pipestill
and the overhead condensers. ammonia is effective for increasing the pH of the
overhead bulk water condensate to within a safe pH range, which is abut 5.5 to
6.5. But, ammonia does not neutralize condensate acidity at the ICP and
shockpoint environs where corrosion is most virulent. This is because ammonia is
volatile and ammonium chloride unstable in the water phase at ICP and shockpoint
temperatures. '

These concepts can be visualized by referring to Figure 2, which is a graph of
temperature versus pH of condensate for a typical APS system. The pH at the -
initial point of condensation which, in this example, occurs at 230° F, is below 1.
pH rises to about 4 moving downstream along the curve left to right to 180°F
where the water is totally condensed. Obviously, this situation is unacceptable
since the system internals will experience catastrophic corrosion at the low pH's
indicated.

Curve |l is for a system protected with ammonia. Note that ammonia
protects the system well upstream of the zone of initial condensation, but provides
no pH elevation t the virulent zone of initial condensation.

Curve lll is the pH curve required to adequately protect the system. Note
that the pH is uniformly elevated into the corrosion safe 5 to 6 pH range across the
entire condensation zone.

Current commercial practice to protect APS units from corrosion is to inject
organic amines into the APS overhead system. The amines used are volatile, so
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there may not be sufficient time and contact in the gas phase to neutralize all the
HCI upstream of the condensation point. Accordingly, some of the HCl must be
neutralized in aqueous solution after it is absorbed by the condensate water phase.

Suitable neutralization amines include morpholine, methoxypropylamine,
ethylenediamine, monoethanolalmine, and dimethylethanolamine. APS overhead
neutralizing amines are usually added as aqueous solutions, typically about 50%
water. The most common injection points are in the overhead lines between the
pipestill and the overhead exchangers, the sidestream inlets to the tower, and
directly to the crude oil coming into the tower. Common practice is to control the
neutralizer addition rate to maintain the pH of bulk water condensate in the
separator drums to between 5.5 and 6.5, and preferably 5.5 to 6.0. If the proper
amines are selected, adequate pH elevation is achieved over the entire condensation
zone when the pH of the bulk condensate is maintained over 5.5.

Filming inhibitors are usually injected into the overhead system to further
reduce corrosion in the upstream sections of the overhead system. They are
proprietary formulations, usually oil soluble, which protect equipment by forming a
barrier on the steel surface. Film inhibitors are effective in the downstream
sections of the condensing zone where chioride concentrations are moderate, but
are not effective at ICP and shock points. _

A disadvantage of using amines to control corrosion in condensing systems
containing chlorides is that the amines react with chlorides to form hydrochloride
salts which deposit on internal surfaces. The salts deposit on surfaces at
temperatures above the water dewpoint, upstream of the condensation zone, often
in the top trays of the system tower. The salt deposits are hygroscopic and absorb
moisture from the process gas to form highly corrosive viscous fluid or paste which
induce underdeposit corrosion.

Amine salts are not a problem if they deposit in the condensatlon zone
because they are continuously washed away by condensate. Some operators
mitigate the problem by periodically washing the overhead system W|th water to
remove deposits.

Instances of salt deposition above the dewpoint in pipestills are increasing
because refineries are running heavier and dirtier crudes, which generate larger
amounts of chlorides and, to protect their units, operators are increasing neutralizer
amine treat rates. Ammonium chloride deposition above the dewpoint is also
increasing because ammonia in crude is increasing. Accordingly, there is a need in
the refining industry for new technology to inhibit corrosion in wet hydrocarbon
condensing systems containing chlorides which does not compound the problem by
inducing troublesome salt deposits above the dewpoint. The present invention is a
novel process which accomplishes this objective.

Corrosion control in crude distillation units is discussed in two papers which
were presented to the National Association of Corrosion Engineers: Rue, J.R. and
Naeger, D.P.., “Advances in Crude Unit Corrosion Control,” Corrosion ‘87, Paper
No. 199, National Association of Corrosion Engineers, Houston, Texas:, and Rue,
J.R., and Naeger, D.P., “Cold Tower Aqueous Corrosion: Causes and Control,”
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The amine salt deposition problem is addressed in U.S. Patent No.

5,211,840, which teaches that amine salt deposition can be avoided by using weak

base amines, those having pKa between 5 and 8. The inventors discovered that

hydrochloride salts of weak amines have less propensity to deposit on tower

internals than salts of strong amines and ammonium chloride. The patent says the

amines may be added to the distillation unit at any point in the overhead system

prior to the location where the condensate forms

Specifically, the patent teaches:

i
—

that it is necessary to add a sufficient amount of the neutralizing amine
compound to neutralize the acidic corrosion causing species. It is desirable that the
neutralizing amine be capable of raising the pH of the initial condensate to 4.0 or
greater. The amount of neutralizing amine compound required to achieve this
objective is an amount sufficient to maintain a concentration of between 0.1 and
1,000 ppm. based on the total overhead volume. The precise neutralizing amount
will vary depending upon the concentration of chlorides or other corrosive species.
The patent also teaches:

blending a minor amount of highly basic amine with a low pka amine. These
blends would be advantageous to use in systems where a sub-neutralizing quantity
of highly basic amine can be used without causing above the water dewpoint
corrosion and/or fouling problems. :

The patent cites 4-picoline and 3-picoline as examples of low pka amines,
and methoxypropylamine and ethanolamine as highly basic amines. The patent
defines minor amounts to be less than 20% of treatment.

The amine salt deposition problem is addressed in U.S. Patent No.
4,430,196, which teaches the use of a member or members selected from the
group of dimethylaminoethanol and dimethylisopropanolamine.

The amine salt deposition problem is also addressed in U.S. Patent No
4,806,229, which teaches:

that certain amines having the following formula corresponding to Formula 1
below:

R-O-(CH,) nNH, Formula 1

wherein n is 2 or 3 and ® is a lower alkyl radical of not more than 4 carbon
atoms, when added to a crude oil charge or at various other points in the system,
effectively eliminates and/or controls corrosion that ordinarily occurs at the point of
initial condensation of water vapors within or leaving the distilling unit. lllustrative
of compounds falling within Formula 1 are methoxypropylamine,
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COWDOSI t i onadditiéh of neatrklizihg Agents to the APS system and other refinery distillation
towers are described in pending U.S. Patent Application Serial No. 07/867,890,
which is incorporated herein by reference. In one embodiment of the disclosure,
the pH of condensate removed from the tower system is continuously measured
with a standard pH electrode. The pH signal is sent to a controller, which
compares it with the pH setpoint, and the controlier throttles the pumping rate of
the amine pump used to inject neutrailizer into the APS system to bring the pH of
the bulk condensate reading to the setpoint. Preferably, the condensate is butk
water condensate taken from the overhead accumulator drum water boot, but
condensate can be removed from some intermediate condensation point in the
‘tower overhead system. A corrosion safe range for bulk water condensate pH is
typically t to 6.5.
U.S. Patent Nos. 4,335,072 and 4,599,217 describe devices which attach
to the treated system and monitor corrosion rate and treatment. The devices are
. termed “Overhead Corrosion Simulators” (“OCS”). These patents are incorporated
herein by Reference. An Overhead Corrosion Simulator is a small condenser heat
exchanger cooled with flowing cooling water which is installed onto the pipestill
overhead system such that it withdraws a small overhead gas slipstream from the
pipestill overhead. The slipstream is withdrawn from a point sufficiently upstream
where the tower temperature is above the initial point of water condensation so
that no water condensation has yet occurred. The OCS cools the overhead stream
in small temperature increments from initial condensation through total
condensation. The condensate at each stage of cooling is continuously collected
and rate of corrosion and/or pH are continually monitored using conventional
instrumentation techniques. Using the OCS, corrosion rates and pH, at each pomt
in the system where water condensation is occurring, are simulated and continually
monitored and conditions at the all important point of initial condensation
continually observed even if the point shifts upstream or downstream in the APS
overhead system.

Summary of the Invention

The present invention is a process for inhibiting corrosion in systems in
which wet hydrocarbons containing chiorides are condensed. The process is
particularly useful for protecting atmospheric pipestill units used to fractionate
crude oils.

One aspect of this invention is addition of a blend of amines to the
condensing-system at a rate sufficient to elevate pH across the entire condensation
zone, and particularly at the point of initial condensation and points of shock
condensation, to prevent corrosion of system internals. A key element of the
present invention is formulation of the amine blend to include a sufficient number of
different amines to avoid inducing deposition of the hydrochloride salts of any of
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ammonium chloride deposits upstream of the condensing zone.

Another aspect of this invention is that the neutralizer amine blends are
customized to the system being treated to achieve an optimum pH profile along the
condensation zone at minimum amine treat rate while precluding deposition of
amine hydrochloride salts and ammonium chioride.

Still another aspect of this invention is to use an Overhead Corrosion
Simulator installed to take off a slipstream of overhead gas from the system
upstream of the ICP to control the rate of addition of amine blend going into the
APS.

Brief Description of the Drawi

‘FIG. 1 is a simplified process flow diagram of a typical crude oil atmospheric
pipestill unit;

FIG. 2 contains plots of condensing zone temperature versus pH of the condensed
water at that temperature. Curve | is typical of an untreated system. Curve Il is
representative of a system improperly treated with ammonia only. Curve lll is for a
system properly treated with amine neutralizers.

FIG. 3 is a graph of the vapor pressure of ammonium chloride versus temperature.

Description of the Preferred Embodi

Table 1 contains a listing of commercially available amines which are suitable
candidates for inclusion in the neutralizer treatment blend packages of this
invention, together with the key properties that affect their performance as
corrosion inhibitors. The list contains many of the amines currently used in
commercial service, but it is not comprehensive and we do not intend to infer that
the scope of appropriate amines is limited to those included.

Several properties and characteristics must be considered when selecting an
amine for a treatment blend.

The amine must be cost effective, reasonably priced per unit weight of HCI,
neutralized, and should not require elaborate or expensive handling procedures to
meet environmental and safety concerns.

The amine must be thermally stable at temperatures it will encounter in the
treated system. For APS systems, the amine must be stable up to at least 400° F.

The amine must be volatile enough to be in the gas phase at conditions
upstream of the condensation zone, but also condense along with water in the
condensing zone. Amines with boiling points in the range of 200°F to 300° F
usually have the requisite volatlhty characteristics. Also, the amine should be more
soluble in water than oil.

Ideally, the melting point or sublimation temperature of the hydrochlorlde salt
of the amine should be low relative to the temperatures in the treated system, not
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highest chloride concentrations and lowest pH'’s are observed, through to the

overhead condensate drums where the overhead is totally condensed and bulk sour
water is accumulated, and at all intermediate water condensation points in the
system. Highest treat intensity is required at the point of initial condensation. The
amine blend is custom optimized to the condensation pattern of the treated system
to minimize amine treat rate. Different APS units will require different blends,
depending on their operating conditions and crude being run.

Chlorides in APS systems have increased. Where chloride concentrations in
APS bulk condensate were typically in the 30 to 50 ppm range, values as high as
600 ppm are currently being observed. Correspondingly high doses of amines must
be administered to control corrosion. The amine treat rate cannot simply be
increased by increasing the amine pumping rate to the treated system. The total
amount of each amine in the blend must be limited so that the partial pressures of
the hydrochloride salts of the amines at points upstream of the initial condensation
point do not exceed partial pressure at which the salt will deposit on system
internals. The required increased treat rate is achieved by increasing the number of
amine species in the blend. Typically, blends of at Ieast three, and as many as ten,
amines are required for most applications.

In accordance with the present invention, the treatment blend is formulated
to limit the amount of each amine in the blend so that the partial pressure of the
hydrochloride salt of each amine formed in the system by reaction with HCI does
not exceed the partial pressure at which it will deposit from the gas phase
upstream of the point of initial water condensation.

Another aspect of this current invention is that the amine neutralizer blend is
formulated to contain sufficient amines with basically greater than ammonia
(K, > 1.8 x 10 exp-5) to react with enough of the chlorides to bring the vapor
pressure of ammonium chioride below the level where it can precipitate on internal
surfaces upstream of the condensation zone. Amines that are more basic than
ammonia have a higher affinity for chlorine than ammonia, so they form the amine
hydrochloride in preference to ammonium chloride. Ammonium chloride deposits
are undesirable because they are corrosion sites and induce pluggage operating
problems.

The amines selected have condensing and volatility characteristics close to
water and are soluble in water so that they condense with and dissolve in the
condensate and therefore are available to neutralize HCI absorbed by the
condensate. Depending on its temperature versus its vapor/oil/water solubility
partition characteristics, an amine will be very effective in one sector of the
condensation zone and less effective in another. The pH versus temperature curve
of Figure 2 for a system can be moved and shaped by changing the amine
formulation. Ideally, the amine mixture can be optimally custom blended to achieve
the desired pH elevation to corrosion protect the system at a minimum amine treat
rate.
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The amine blend is custom matched to the condensation pattern by selecting

at least one amine for the blend which is effective and efficient in each sector of
the condensation zone. Minimizing amine treat rate by optimizing the amine blend
formulation reduces the cost of the treatment, eliminates operating problems due to
high amine concentrations in downstream units, and mitigates deposition of amine
hydrochloride salt deposition. Determining an appropriate amine blend formulation
is part science and part art. Experimental conflrmatlon that the amine blend

candidate works is required.

« Also, there is still much of what goes on in the system that is not fully
understood. For example, we have observed that the hydrochloride salts of some
of the amines used in amine neutralizer blend formulations have water of hydration
attached to them. Depending on conditions in the tower, the number of waters of
hydration associated with an amine salt may vary. The volatility of amine
hydrochloride salts varies with the number of waters of hydration. Since the water
of hydration associated with an amine at system operating conditions is generally
not known, the limiting partial pressure to avoid salt deposition is also uncertain.
Moreover, there may be interactions between amine components that affect salt
deposition, particularly if dibasic amines such as ethylene diamine are used.
Accordingly, candidate amine blends must be tested in a pilot distillation unit which
simulates the tower system to be treated. Likely as not, the candidate formulation
will have to be revised and tested several times to determine the best formula.
Moreover, if subsequently the system operating conditions or the crude oil
composition change, it is likely that the amine blend formula must be changed to

maintain optimal corrosion control.

_ Developing a candidate amine blend begins with obtaining and analyzing
those overhead system operating parameters which control the treatment.
Operating pressure, condensing temperature, overhead gas rate, composition, and
concentration of chlorides, water, ammonia and non-condensable gases in the
overhead, are all required data. These parameters can be obtained by direct
measurement or from simple material balances around the overhead system by
conventional procedures. Most of the chlorine and ammonia formed in the system
appear in the condensed water phase collected in the overhead condensate
collection drums. Accordingly, chloride rate can be caiculated by simple material
balance, knowing the condensate rate and its chloride and ammonia concentration.
Non-condensable gases are discharged usually from a vent line off the top of the
condensate accumulator drums and are directly measured.

The water condensation rate and pH/chloride/corrosion rate vs temperature
profiles in the tower must be obtained. These data can most conveniently be
obtained using an Overhead Corrosion Simulator installed on the tower to be
protected, taken at a convenient point upstream of where water condensation

begins.

The minimum theoretical or stoichiometric rate of amine addition is the
number of mole equivalents of amine per minute required to stoichiometrically

neutralize the HCI flowing through the tower.

The actual amine addition rate to be

used is 1.05 to 1.20 x the stoichiometric rate, the excess added to insure complete
neutralization. The base equivalents of amine required are distributed among a

[
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conservative it is assumed that all the amines form thelr hydrochloride salts
quantitatively. Moreover, to provide a further margin of safety, it is good practice
to blend the amines so that there will be no salt deposition even if temperatures in
the overhead fall 50° F below actual operating temperatures. The ideal gas law can
be used to make the required calculations.

In addition, the amine blend is formulated so that sufficient amounts of
amines with basicity (K,'s) greater than ammonia are fed to the treated system to
preclude deposition of ammonium chioride upstream of the point of initial water
condensation. The molar ratio feed rate of high K, amines to ammonia should be at
least 1.1. .

Both the amine salt and ammonium chloride deposition computations have an
inherent degree of uncertainty. Accordingly, it is good practice to test the
candidate amine biend formulation in a lab unit which simulates the treated system
to confirm that the candidate amine blend adequately elevates the pH vs
temperature curve to corrosion-safe levels across the condensation range, that the
amine blend is optimally efficient for the system being treated, and that no deposits
of amine salt or ammonia form upstream of the condensation zone.

The lab unit used to simulate APS systems is a small continuous distillation
tower with 20 trays, a reboiler, an overhead coridenser, and a condensate
collection vessel. The unit simulates the upper trays and overhead system of the
treated system. The lab unit is operated at one atmosphere total pressure, whereas
the APS operates at several atmospheres. However, the partial pressures of the
components in the overhead system, naphtha, HCl, amines, nitrogen (to simulate
non-condensable gases), and ammonia, are all maintained at the same ratios as in
the APS so the simulation is valid. A naphtha is selected which matches the
composition of the naphtha in the overhead stream in the treated system. For most
APS units, full range naphtha is an appropriate test feed to match the gas in the
overhead. Feed rates of HCI. water, ammonia, and nitrogen (to simulate non-
condensable gases) to the lab unit are fixed to duplicate the partial pressures of
these components in the APS system. The lab unit is made of a transparent
material such as glass or plexiglas so that salt deposition in the tower can be
visually observed.

A corrosion probe and thermocouple which can be moved through the unit is
provided to obtain the corrosion vs temperature curve upstream of the dewpoint. a
pH probe is used to measure pH of the condensate below the dewpoint.

The candidate neutralizer amine blend is injected into the lab column at a
convenient point upstream of the condensation zone, typically about five trays from
the top of the column.

A typical run lasts several hours, durmg which the pH/corrosion rate vs tower
temperature profile is continually monitored across the observed water
condensation zone in the tower. The amine feed rate is increased to bring the pH
at the point of initial condensation in the corrosion-safe 5.0 to 6.0 pH range. The
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mat ches t h%&?&gﬁ%{é WAt ScdUMiulates in the water boot of the overhead condensate drum
within a corrosion-safe range, typically 5 to 6. The amine pumping rate can be
controlied manually or by closed-loop automation.

An alternate and preferred method of controlling the rate of addition of the
neutralizer amine blend involves use of an Overhead Corrosion Simulator. Control
can be accomplished manually by an operator who periodically looks at the OCS pH
and/or corrosion rate profile and increases or decreases amine blend flow rate by
adjusting the setpoint on the amine feed pump rate controller to maintain a
corrosion-safe pH profile. The operator will pay particular attention to the point of
initial water condensation where the pH is lowest and corrosion risk highest. The
system can sound an alarm if pH falls or corrosion rate rises at any point if the
OCS falls out of control specification. Aiternatively, the control can be automated
with commercially available instruments. A scanner peak picker instrument can be
provided which periodically scans the pH profile in the OCS and picks out the
lowest pH. The low pH signal is sent to the amine feed rate controller on the feed
pump, which compares it with the setpoint. The controller adjusts amine pump
feed rate to maintain the point of lowest pH at the setpoint.

The amine blend can be injected into the overhead system or into any
convenient downstream point below the decomposition temperature of the amines.
Preferably, the amine blend should be added as far upstream as possible away from
the condensation zone to allow maximum time for the vapor phase reaction
between the amines and HCI to occur. A suitable addition point for an APS unit is
to the kerosene stripper return line. The amine neutralizer blend is usually
administered as an aqueous solution, typically about 50% water.

The following examples are presented to describe preferred embodiments and
utilities of the invention and are not meant to limit the invention unless otherwise
stated in the claims appended hereto. '

Example 1
Ammonium chloride deposition was induced in lab distillation unit simulating
APS overhead.

Stream Components Mol % Rate
Naphtha {IBP-321 F; EP-352 66.26 70 mi/min
F)

Water 33.70 3.62 ml/min
Non-condensables 0.004 5.35 cc/min

-
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naphtha in the overhead streamin the treate r t {APS units,
full range naphtha is an appropriate test fe dﬁﬁ@;ﬁﬂﬁﬁr%ﬁas in the
overhead. Feed rates of HCl, water, amonia, {arld nitrogen (tg¢ gimul ate
non- condensi bl e gases) to the lab unit are fijxgd 13 CEPI VAt ¢ tthe parti al
pressures of these conponents in the13APS systlemm The | ab unit] ijs made of a
transparent ndterial such as glass of plexiglfas so that salt dgposition in
the tower can be visually observed. A corrosilg jocoupl e
whi ch can be noved through the unit is provided to obtain the corrosion vs
t enper at ur eATUMQBIUAY bydeaxidef t he déwPBildt. A pH probP-§28 @min t o neasure
pH of the cbifdensate bel ow t he dewp®.8012The candi dat 0.02Biig/min zer ami ne
blend is injected into the lab colum at a
- Salt deposition in the top five trays started immediately after initiation of
flow of ammonium hydroxide and HCIl. Fouling quickly worked its way into the
overhead condensers. The run had to be terminated after 75 minutes because the
top trays were severely fouled and the column was flooding. Corrosion rates in
excess of 400 mpy were recorded at locations above the water dewpoint -
temperature. Corrosion rates above 5 mpy are excessive.

Example 2

The same as Example 1 except that the following amines were added five
trays from the top of the column:

Amine Rate, moles/min
MOPA 0.031
MEA 0.021

No solid salt deposition was observed either in the column or overhead
condenser. The run was terminated after 4 hours, but could have gone on
indefinitely. However, corrosion rates in excess of 400 mpy were again recorded
above the water dewpoint temperature. :

Example 3

_ ' Same as Example 1, but only for 15 minutes, to form coating of ammonium
chloride on the top column trays and in the condenser. Then the customized multi-
amine blend was introduced. Not only did fouling stop, but the salt deposits in the

~ top trays and the overhead condenser vanished over a period of about one hour.
Most significantly, corrosion rate above the water dewpoint dropped to only two
mpy after the salt deposits vanished.

Example 4

This example shows one calculation procedure indicating how an amine blend
for corrosion treating an APS can be formulated using the present invention:

APS stream Component Moles per Hour N

Naphtha to overhead 5124

Water overhead 361

Chlorides overhead 0.023

Ammonia overhead 0.020 -

Non-condensable gases 2.8

overhead

Total overhead stream 5,488.69 _
i



conveni ent point upstream of the condensation z nR,PlTA\“rE ,E'ém%ﬁfﬂ;o t five
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temperature

The initial estimate of equivalents of amines required to control corrosion is 10%
more than the theoretical amount required to neutralize the chlorides, 1.1 x 0.023
chloride moles per hour rate = 0.025 moles per hour of amines.

The candidate amine blend will include MOPA, MEA and morpholine. Calculate
maximum moles per hour of each amine that can be fed to the system so that
partial pressure of each hydrochlorlde salt does not exceed its dewpoint/sublimation
pressure at 210°F, which is a 20° F safety margin below the water dewpoint
temperature. (The ideal gas law is applicable for these calculations.) The maximum
amine rate is the total overhead ﬂow rate 5488.69 moles per hour x vapor pressure
of the amine hydrochioride at 210° Fin mm Hg lelded by total system pressure,

2311 mm Hg.

Amine Salt VP at 210°F Max. amine rate  Act. Amine
MOPA-HCI 0.008 mm Hg 0.019 Moles/hr 0.012 Moles /hr
MEA-HCI 0.008 0.019 0.012
Morph-HCI 0.002 . 0.005 0.002

Total 0.043 Moles/hr 0.026

This computation indicates that if the required 0.025 moles per hour amine feed
rate were satisfied with a blend of 0.012 moles/hr of MOPA, 0.012 moles per hour
of MEA and 0.002 moles per hour of morpholine, there would be no deposits of the
hydrochiloride salt of an amine at temperatures above the water dewpoint --
assuming that no anomalous effects due to association of waters of hydration with
amine salts or salt interactions occurred which effect the vapor pressure of the
salts. Within the constraints of maintaining the total amine flow rate at the rate
required to neutralize the chlorides and not exceeding the precipitation partial
pressures of the amine salts, the ratios of the amine components can be varied; and
this is often done to optimize and shape the pH profile across the condensation
zone.

MOPA and MEA have K,’s higher than ammonia and, since for this case the
total amine 0.024 moles per hour feed rate exceeds the molar rate of chlorides
coming overhead in the system, there is no risk that ammonium chioride will
deposit above the water dewpoint. In the general situation, it would be assumed
that amines with K,'s higher than ammonia would react quantitatively with chloride
and the remaining chloride would form ammonium chloride with the residual
chloride. Then the partial pressure of ammonium chloride would be computed and,
using Figure 3, it would be verified that ammonium chloride would not precipitate
at temperatures above the water dewpoint.
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rate by adj ustinhe candidate blénd of MOPA, MEA and morphioline is tested in a lab APS
simulation test. The pH profile across the water condensation zone is observed.
The amine blend feed rate is increased until the pH profile is entirely in the
corrosion safe range, above pH 5.0. The amine feed rate is compared with the
theoretical stoichiometric rte required to neutralize the chlorides to determine that
' the excess amine ratio required is reasonable. The lab column is checked visually
to verify that no amine salt deposits form. Also, corrosion probe is checked to
insure that the corrosion rate is below 5 mpy. Finally, the ratio of amines in the
blend is varied without exceeding the maximum amine limit of any component to
determine the optimum amine blend ratio for the three component mixture which
provides the required pH curve elevation at minimum total amine feed rate.
If amine salt deposits are observed upstream of the water dewpoint line
" using the MOPA, MEA, morpholine candidate blend, even if calculations made using
vapor pressures of the hydrochloride salts indicate no deposition should occur, then
it is probable that one or more of the amine hydrochlorides has less water of
hydration associated with it at conditions in the system, and the less hydrated sait
has significantly lower vapor pressure than the more unhydrated salt. The _
candidate amine mixture is reformulated with additional amine components and the
new mixture tested in the APS simulation lab unit. This process is repeated until a
satisfactory amine blend for the APS system to be treated is developed.

TABLE |

AMINES FOR CORROSION CONTROL

AMINE Kb BOIIIng Pt, NEUTRALIZA
10° F TION RATIO
' EFFICIENCY WATER/OIL
(EQUIV. WT.)
AMMONIA 1.8 - 17 >98%
MOPA 13 243 89 >98%
MEA 32 338 60 >98%
EDA 51.5/. 242 30 >98%
037
nPA 51 118 59 >98%
MORPHOLI 0.21 262 89 >98%
NE
DMA 54 45 45 >98%
DMEA 1.6 282 89 - >98%
DEAE 5.2 322 117 >98%
DAMP 93/0.8 327 51 >98%
32 '
-
as Been Replaced -

\\\\\\\\\l\\\\\\\\ Tl

SOLUBILITY MELT PT.

OF HCI
SALT, °F

644
(sublimes)
206
170
530
(sublimes)
320
350

333
135
270
176



L4

corrosion-safe pH profile. The operator w:l|

the setpoint on the am ne feed punp rate controller to maintain a

pay particular attention to

the point of initial water condensation wher
corrosion_risk highest. The system can sound
corrosion rate rises at any point if the OCS
specificatll mmll"j""g M the control can
conmer ci at | m mm unents. Al&canner
provi ded whi'ch “peti olli c&l Iy scans the pH prof
the lowest pH The |low pH signal is sent tot
on the feed punp, which conpares it with the

adj usts amne punp feed rate to maintain the
set poi nt.

arﬁ@i—gﬁ?}‘é\%‘ 8}4@@5 I ﬁgdor

fa] s out of co
bk A FEB 1997w

peak picker ins

t riol
t
rjument” can be

| eTmmthe OCS andj pi cks out
e amine feed ratel controller

setpoint. The controller

poi nt of | owest

pH at the

Changes can be made in the composition, operatidn and arrangement of the
method of the present invention described herein without departing from the
concept and scope of the invention as defined in the following claims:
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7. The process of Claim 2 further comprising the step of:

adjusting the relative amounts of amines in the amine blend to minimize the
amine blend feed rate required to maintain the pH of water condensate in the
simulation unit above about 5.
8. A method of inhibiting corrosion within a pipestill during fractionation of a
mixture comprising hydrocarbons, water, and chlorides wherein the pipestill has an
upper zone which operates at temperatures below the water dewpoint of the
mixture and a lower zone which operates at temperatures above the water
dewpoint temperature of the mixture, the method comprising the step of:

feeding a blend of amines into the pipestill at a rate sufficient to inhibit
corrosion in the upper zone, wherein the blend comprises a deposition-inhibiting
number of amines to preclude deposition of amine hydrochloride salts of the amines
within the lower zone.
9. The method of Claim 1 wherein the amines in the biend of amines is such
that the partial pressure of each of the hydrochloride salts formed by the reaction
between the amines and hydrochloric acid does not exceed deposition vapor
pressures of the amine hydrochloride salts at temperatures in the lower zone.
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PROCESS USING AMINE BLENDS TO INHIBIT CHLORINE CORROSION
. IN WET HYDROCARBON CONDENSING SYSTEMS

Abstract of the Invention

The disclosure is a process for inhibiting corrosion in condensing systems
comprising wet hydrocarbons and chloride which comprises feeding a mixture of .
amines to the condensing system to elevate the pH profile of condensed water
above the range in which severe corrosion of system internals can occur. The
amine blend is formulated to preclude deposition and accumulation of the
hydrochloride salts of the amines above the water dewpoint and is optimized to the
condensing system to minimize amine treat rate. In one embodiment, the amine
blend feed rate is controlled using a small condensing system which condenses a
slipstream of gas taken from the system upstream of the condensing zone and
continually measures the pH profile in the condensing zone.
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PROCESS USING AMINE BLENDS TO INHIBIT CHLORIDE CORROSION
IN WET HYDROCARBON CONDENSING SYSTEMS

FIELD OF INVENTION

This invention relates to inhibiting corrosion in systems of condensing
hydrocarbons which contain water and chlorides. e _syste rticular
commercial interest is the overhead of crude oil atmospheric pipestills.

BACKGROUND

Crude oil refineries include an atmospheric pressure pipestill (ASP) which
fractionates the whole crude oil into various product fractions of different volatility,
including gasoline, fuel oil, gas oil, and others. The lower boiling fractions, including
naphtha, from which gasoline is derived, are recovered from the overhead fraction.
The fractions with intermediate volatility are withdrawn from the tower as
sidestreams. Sidestream products include kerosine, jet fuel, diesel fuel, and gas oil.
The higher up on the column the sidestream is withdrawn, the more volatile the
product. The heaviest components are withdrawn in the tower bottoms stream.

Figure 1 is a simplified process flow diagram of a typical crude oil atmospheric
pipe-still unit. The crude is preheated in preheat exchangers against overhead product
and then heated up to about 500° to 700° F in a direct-fired furnace. The feed is
then flashed into the atmospheric pipestill which operates at a pressure between one
and three atmos-pheres gauge pressure. Overhead tower temperature ranges typically
from 200° to 350°F. Figure 1 shows a two-stage overhead condenser system;
alternative systems use one condenser stage. The overhead and sidestream products
are cooled and condensed and sent to other units to be processed into final products.
The bottoms stream goes to a second distillation tower {(not shown) that operates
under a vacuum and distills more light products out of the APS bottoms. Steam is
added to the bottom of the tower to promote stripping of light products from the
bottoms. Also, water is added to the top of the column to wash away soluble salts
which often accumulate in the top trays and overhead components. The stripping
steam and wash water coming into the system are substantial; the overhead naphtha
gas stream coming off the top of the tower typically contains 20 to 40 mole % water.

The corrosion that is the subject of this invention occurs in the overhead
components of the atmospheric pipestill which include the top tower trays, the piping
that comes off the top of the tower and the reflux lines, the heat exchangers, the
condensers and rundown lines, and the distillate drums where the condensed
overhead stream is separated into liquid naphtha product and reflux. Materials
commonly used in APS over-head trays and components include carbon steel, Monel
400 and 410 stainless steel. Corrosion damage can be very severe, including metal
loss severe enough to cause leakage to the external environment and internal heat
exchanger leaks, plugging of trays and other internals which interfere with tower
operation and control and impair energy efficiency. In addition, corrosion in the APS
can cause operating problems in down-stream units. Because of the severity of the
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hydrolysis of chloride salts found in crude oil. Crude oils contain salts dissolved in
water entrained from the production well and from saltwater picked up during tanker
shipment. Generally, the chloride salts are sodium chloride, magnesium chloride, and
calcium chloride. Depending on the source of the saltwater, the amount of each salt
in the crude can vary considerably. Sodium chloride is stable and does not hydrolyze
significantly in the atmospheric crude tower system. HCL is released when MgCl, and
CaCl, are hydrolyzed by water present in crude oil:

MgCl, + H,0
CaCl, + H,0

= MgO
2HCL = Ca0

The chloride salts begin to hydrolyze at temperatures in the range of 350°F to 450°F,
which occur in the preheat exchangers.

The HCI produced in the preheat system does not cause corrosion there
because there is no liquid water present. The HCI, however, goes through the
pipestill and passes into the overhead gas.

Temperature decreases moving up the tower and into the overhead system. At
some point, temperature falls below the dewpoint temperature of the process gas and
water condenses on the equipment surfaces in a thin film. This point is called the
"initial condensation point" or "ICP". Water continues to condense as the process
gas moves downstream and is further cooled. The overhead gas is totally condensed
in the overhead condensers, is accumulated in a condensate drum, and is removed
from the bottom boot of the condensate drum. Operators usually maintain the
temperature at the top of the tower at least 30° to 40° F above the water dewpoint
to avoid corrosion in the top trays. The trend, however, is to reduce tower top
temperature to improve recovery of naphtha, and this drives the dewpoint down into
the tower. Accordingly, the water dewpoint usually occurs in the overhead system,
but it can occur within the distillation tower if the composition of the process streams
and tower operating conditions combine to raise the dewpoint above the top tower
temperature. Spot or "shock condensation" can occur upstream of the ICP if there
are cold spots on upstream surfaces where, for example, insulation is worn and the
tower shell is exposed to cold wet weather or at cold spots on heat exchanger tubes
in the condensers. Accordingly, the locations where condensation initially occurs are
uncertain and changeable as operating and ambient conditions change.

The ICP and shock condensation points are important because that is where
chloride concentration is highest and pH lowest. Initial condensates, if untreated,
exhibit pH’s as low as one or even fractional pH’s, and the danger of catastrophic
corrosion at these points is great.

Corrosion by acidic chloride condensates is driven by the hydrogen ion
concentration (pH) via the reaction:

Fe + 2 HCI = FeCl, (soluble) + H,

Hydrogen sulfide, which is formed in the pipestill from organic sulfur
compounds in crude oil, also dissolves in water condensate and accelerates acidic
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FeCl, + H,S = FeS, + 2HCI

Note that the HCI is regenerated by the H,S. Hydrochloric acid thus acts as a catalyst
for formation of iron sulfide, and is not consumed.

The APS streams also contain low molecular weight carboxylic acids (acetic,
propionic, butyric acids) which increase corrosion at the ICP and subsequent
condensation zone.

The water coming overhead from the tower is totally condensed in the
overhead exchangers and is accumulated in the condensate drum. The bulk water
condensate contains chlorides, sulfides, and ammonia, and is mildly corrosive.
Experience indicates that bulk water condensate should be maintained in the pH range
of about 5 to 6.5 to minimize corrosion in the system. pH in the bulk condensate is
controlled by adding a neutralizer, such as ammonia, to the overhead system.

In addition to being subject to severe corrosion at the ICP and points of shock
condensation, APS systems are also vulnerable to severe corrosion upstream of the
ICP where ammonium chloride precipitates as a solid out of the gas phase onto inter-
nal surfaces. Ammonium chloride is formed in the system by the reaction between
ammonia and HCl. Ammonia comes into the pipestill in the incoming crude oil and
other incoming process streams, and is often intentionally added to neutralize HCl in
the overhead bulk sour water condensate. At equilibrium, the partial pressure of
ammonium chloride over the internal surface on which ammonium chloride has depo-
sited equals the vapor pressure of ammonium chloride at the temperature of the
internal surface. Figure 3 is a graph of vapor pressure of ammonium chioride versus
temperature. If the partial pressure of ammonium chloride above the internal surface
exceeds the vapor/equilibrium pressure, then ammonium chloride will precipitate on
the surface and accumulate.

Ammonium chloride deposits are hygroscopic and, when exposed to wet
process gas streams flowing by, absorb moisture, forming a wet paste with a pH of
about 3.5, which is a highly corrosive environment. Ammonium chloride deposits are
only a problem if they form above the water dewpoint. If they form below the
dewpoint where water is condensing profusely along with the ammonium chloride,
then the deposits will be washed away. But, if ammonium chloride condenses above
the dewpoint and water is not condensing on these surfaces, ammonium chloride
deposits will not be washed away by water and the deposits will build up.

APS corrosion problems are on the increase. The increased corrosion is
attributed to several causes. Salt content of crude oils now being run in refineries
have increased, generating more chlorides. Also, crudes are heavier, which makes
them harder to desalt. Ammonia concentrations in pipestills have risen because of
refinery operating changes in other units. Also, refiners are running lower tower top
temperatures to increase vields of profitable distillate fuels, such as jet fuel, and also
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The first defense against overhead corrosion is crude oil desalting. A desalter
is shown in the flow plan of Figure 1. In the desalter, crude is mixed with about 5%
water, which dissolves the salt. The salty water is separated from the crude and
discarded. However, oil/water emulsions form that are difficult to break. Chemical
de-emulsifiers are added to break the emulsion. Electrical devises which charge the
water drops to enhance separation are aiso used. Up to about 90% of the salt can be
removed with a single stage of water washing and separation. Salt removal effective-
ness depends on the nature of the crude. Heavier oils are more difficult to desalt than
light crudes. A second wash stage is commonly used to remove additional salt.

Caustic (NaOH) is commonly injected into the crude downstream of the
desalter to reduce chlorides in the pipestill overhead system. The caustic reacts with
the magnesium and calcium chloride to form sodium chioride, which is more thermally
stable and so will not hydrolyze.

However, caustic treat must be limited since caustic causes furnace coking and
induces operating problems in downstream units. New catalysts being used in
downstream units in response to environmental control demands being imposed on
refineries are poisoned by caustic. In most instances, it is impractical to remove
enough salt with desalters and/or caustic addition to completely eliminate HCI
corrosion. Moreover, operating upsets in the pretreat systems occur, which
periodically introduce large doses of chlorides.

Accordingly, chloride neutralizers are added to the APS system to inhibit
corrosion. The most common neutralizer is ammonia. it can be added as ammonia
gas or as an aqueous solution usually into the overhead lines between the pipestill and
the overhead condensers. Ammonia is effective for increasing the pH of the overhead
bulk water condensate to within a safe pH range, which is_about 5.5 to 6.5. But,
ammonia does not neutralize condensate acidity at the ICP and shockpoint environs
where corrosion is most virulent. This is because ammonia is volatile and ammonium
chloride unstable in the water phase at ICP and shockpoint temperatures.

These concepts can be visualized by referring to Figure 2, which is a graph of
temperature versus pH of condensate for a typical APS system. Curve | is the pH
curve for an unprotected system. The pH at the initial point of condensation which,
in this example, occurs at 230° F, is below 1. pH rises to about 4 moving
downstream along the curve left to right to 180° F where the water is totally
condensed. Obviously, this situation is unacceptable since the system internals will
experience catastrophic corrosion at the low pH’s indicated.

Curve ll is for a system protected with ammonia. Note that ammonia protects
the system well upstream of the zone of initial condensation, but provides no pH
elevation at the virulent zone of initial condensation.

Curve Ill is the pH curve required to adequately protect the system. Note that
the pH is uniformly elevated into the corrosion safe 5 to 6 pH range across the entire
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the gas stream before the HCl reaches the condensation zone. However, there may
not be sufficient time and contact in the gas phase to neutralize all the HC| upstream
of the condensation point. Accordingly, some of the HCl must be neutralized in
aqueous solution after it is absorbed by the condensate water phase.

Suitable neutralization amines include morpholine, methoxypropylamine,
ethylenediamine, monoethanolalmine, and dimethylethanolamine. APS overhead
neutralizing amines are usually added as aqueous solutions, typically about 50%
water. The most common injection points are in the overhead lines between the
pipestill and the overhead exchangers, the sidestream inlets to the tower, and directly
to the crude oil coming into the tower. Common practice is to control the neutralizer
addition rate to maintain the pH of bulk water condensate in the separator drums to
between 5.5 and 6.5, and preferably 5.5 to 6.0. If the proper amines are selected,
adequate pH elevation is achieved over the entire condensation zone when the pH of
the bulk condensate is maintained over 5.5.

Filming inhibitors are usually injected into the overhead system to further
reduce corrosion in the upstream sections of the overhead system. They are
proprietary formulations, usually oil soluble, which protect equipment by forming a
barrier on the steel surface. Film inhibitors are effective in the downstream sections
of the condensing zone where chloride concentrations are moderate, but are not
effective at ICP and shock points.

A disadvantage of using amines to control corrosion in condensing systems
containing chlorides is that the amines react with chlorides to form hydrochloride salts
which deposit on internal surfaces. The salts deposit on surfaces at temperatures
above the water dewpoint, upstream of the condensation zone, often in the top trays
of the system tower. The salt deposits are hygroscopic and absorb moisture from the
process gas to form highly corrosive viscous fluid or paste which induce underdeposit
corrosion,

Amine salts are not a problem if they deposit in the condensation zone because
they are continuously washed away by condensate. Some operators mitigate the
problem by periodically washing the overhead system with water to remove deposits.

Instances of salt deposition above the dewpoint in pipestills are increasing
because refineries are running heavier and dirtier crudes, which generate larger
amounts of chlorides and, to protect their units, operators are increasing neutralizer
amine treat rates. Ammonium chloride deposition above the dewpoint is also
increasing because ammonia in crude is increasing. Accordingly, there is a need in
the refining industry for new technology to inhibit corrosion in wet hydrocarbon
condensing systems containing chlorides which does not compound the problem by
inducing troublesome salt deposits above the dewpoint. The present invention is a
novel process which accomplishes this objective.
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| BELATED ART

Corrosion control in crude distillation units is discussed in two papers which
were presented to the National Association of Corrosion Engineers: Rue, J.R. and
Naeger, D.P., "Advances in Crude Unit Corrosion Control," Corrosion ‘87, Paper No.
199, National Association of Corrosion Engineers, Houston, Texas;, and Rue, J.R.,
and Naeger, D.P., "Cold Tower Aqueous Corrosion: Causes and Control,” Paper No.
211, National Association of Corrosion Engineers, Corrosion ‘90, Las Vegas, Nevada.
The papers discuss the amine salt deposition problem, which is the focus of the
present invention, but the authors advocate techniques which minimize and suppress
chioride hydrolysis to solve the problem. '

The amine salt deposition problem is addressed in U.S. Patent No. 5,211,840,
which teaches that amine salt deposition can be avoided by using weak base amines,
those having pKa between 5 and 8. The inventors discovered that hydrochloride salts
of weak amines have less propensity to deposit on tower internals than saits of strong
amines-and ammonium chloride. The patent says the amines may be added to the
distillation unit at any point in the overhead system prior to the location where the
condensate forms.

Specifically, the patent teaches:

that it is necessary to add a sufficient amount of the neutralizing
amine compound to neutralize the acidic corrosion causing
species. It is desirable that the neutralizing amine be capable of
raising the pH of the initial condensate to 4.0 or greater. The
amount of neutralizing amine compound required to achieve this
objective is an amount sufficient to maintain a concentration of
between 0.1 to 1,000 ppm. based on the total overhead volume.
The precise neutralizing amount will vary depending upon the
concentration of chlorides or other corrosive species.

The patent also teaches:

blending a minor amount of highly basic amine with a low pka
amine. These blends would be advantageous to use in systems
where a sub-neutralizing quantity of highly basic amine can be
used without causing above the water dewpoint corrosion and/or
fouling problems.

The patent cites 4-picoline and 3-picoline as examples of low pka amines, and
methoxypropylamine and ethanolamine as highly basic amines. The patent defines
minor amounts to be less than 20% of treatment.

The amine salt deposition problem is addressed in U.S. Patent No. 4,430,196,
which teaches the use of a memebr or members selected from the group of
dimethylaminoethanol and dimethylisopropanolamine.

The amine salt deposition problem is also addressed in U.S. Patent No.
4,806,229, which teaches:
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wherein n is 2 or 3 and_R_is a lower alkyl radical of not more than
4 carbon atoms, when added to a crude oil charge or a various
other points in the system, effectively eliminates and/or controls
corrosion that ordinarily occurs at the point of initial condensation
of water vapors within or leaving the the distilling unit. lllustrative
of compounds falling within Formula 1 are methoxypropylamine,
ethoxypropylamine, methtoxy-ethylamine, and the like. The most
prefered compound is methoxypropylamine.

State of the art techniques and equipment for injecting and controlling addition
of neutralizing agents to the APS system and other refinery distillation towers are
described in pending U.S. Patent Application Serial No. 07/867,890, which is
incorporated herein by reference. In one embodiment of the disclosure, the pH of
condensate removed from the tower system is continuously measured with a standard
pH electrode. The pH signal is sent to a controller, which compares it with the pH
setpoint, and the controller throttles the pumping rate of the amine pump used to
inject neutralizer into the APS system to bring the pH of the bulk condensate reading
to the setpoint. Preferably, the condensate is bulk water condensate taken from the
overhead accumulator drum water boot, but condensate can be removed from some
intermediate condensation point in the tower overhead system. A corrosion safe
range for bulk water condensate pH is typically 5 to 6.5.

U.S. Patent Nos. 4,335,072 and 4,599,217 describe devices which attach to
the treated system and monitor corrosion rate and treatment. The devices are
termed "Overhead Corrosion Simulators” ("OCS"). These patents are incorporated
herein by reference. An Overhead Corrosion Simulator is a small condenser heat
exchanger cooled with flowing cooling water which is installed onto the pipestill
overhead system such that it withdraws a small overhead gas slipstream from the
pipestill overhead. The slipstream is withdrawn from a point sufficiently upstream
where the tower temperature is above the initial point of water condensation so that
no water condensation has yet occurred. The OCS cools the overhead stream in
small temperature increments from initial condensation through total condensation.
The condensate at each stage of cooling is continuously collected and rate of
corrosion and/or pH are continually monitored using conventional instrumentation
techniques. Using the OCS, corrosion rates and pH, at each point in the system
where water condensation is occurring, are simulated and continually monitored and
conditions at the all important point of initial condensation continually observed even
if the point shifts upstream or downstream in the APS overhead system.

GENERAL DESCRIPTION OF THE INVENTION

The present invention is a process for inhibiting corrosion in systems in which
wet hydrocarbons containing chlorides are condensed. The process is particularly
useful for protecting atmospheric pipestill units used to fractionate crude oils.
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conpar ed ¢ Natids of 1R aRtihE Blend to include a sufficient number of different amines to
avoid inducing deposition of the hydrochloride salts of any of the amines on internal
surfaces located upstream of the ICP which are at temperatures above the system

water dewpoint temperature.

According to a first aspect of the invention there is provided a process for

inhibiti rrosion in condensi s comprising hydrocarbons, water an

chlorides, said process comprising feeding a blend of amines to the condensing
system at a rate which maintains the pH of the water condensate at all points in the

condensing zone of said condensing system above the pH at which significgnt
‘corrosion of the construction materials of the condensing zone occurs, said blend of
amines formulated using_a sufficient number of different amines so thatno
hvdrochloride salt of any of the amines in_said amine blend can deposit as a liquid or a

solid on any internal surfaces of the said condensin

system which is _hotter tha e

water dewpoint temperature of said conensing system, said blend also being

formulated to contain sufficient amines with K, higher than ammonia to prevent

formation of deposits of solid ammonium chloride on said internal surfaces in said

condensing system which are hotter than the water dewpoint of the condensing -

system.

According to a second aspect of the invention, there is provided a process for
inhibiting corrosion in condensing systems comprising hydrocarbons, water and

said process comprising feedi

d_of amines to the condensin

system at a rate which maintains the water condensate pH at all points in the

condensing zone of said condensing system above the pH at which significant
. t II . I l- I - l E II - I I . ) I I I I

of amines formulated from a sufficient number of different amines so that for each

amine the partial pressure of its hydrochloride salt does not exceed the vapour-

liguid/equilibrium pressure for that salt at the water dewpoint of the condensing

system, said blend also being formulated to contain enough moles of amines with

basicity greater than ammonia so as to reduce the partial pressure of ammonium

chloride in said condensing system so that ammonium chloride cannot condense on

surfaces in_said condensing system which are at temperatures hotter than the water

dewpoint temperature of the system.

Another aspect of this invention is that the neutraliser amine blends are
customised to the system being treated to achieve an optimum pH profile along the

condensation zone at minimum amine treat rate while preciuding

hydrochloride salts and ammonium chioride.

deposition of amine

Still another aspect of this invention is to use an Overhead Corrosion Simulator
installed to take off a slipstream of overhead gas from the system upstream of the ICP
to control the rate of addition of amine blend going into the APS.
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FIG. 3 is a graph of the vapor pressure. of ammonium chloride versus
temperature.

- DETAILED DESCRIPTION OF THE INVENTION

Table 1 contains a listing of commerically available amines which are suitable
candidates for inclusion in the neutralizer treatment blend packages of this invention,
together with the key properties that affect their performance as corrosion inhibitors.
The list contains many of the amines currently used in commercial service, but it is
not comprehensive and we do not intend to infer that the scope of appropriate amines
is limited to those inciuded.

Several properties and characteristics must be considered when selecting an
amine for a treatment blend:

The amine must be cost effective, reasonably priced per unit weight of HCI,
neutralized, and should not require elaborate or expensive handling procedures to
meet environmental and safety concerns.

The amine must be thermally stable at temperatures it will encounter in the
treated system. For APS systems, the amine must be stable up to at least 400° F.

The amine must be volatile enough to be in the gas phase at conditions
upstream of the condensation zone, but also condense along with water in the
condensing zone. Amines with boiling points in the range of 200° F to 300° F .
usually have the requisite volatility characteristics. Also, the amine should be more
soluble in water than oil.

Ideally, the melting point or sublimation temperature of the hydrochloride salt of
the amine should be low relative to the temperatures in the treated system, not
adhere to metal, and be readily dispersible in hydrocarbons to minimize buildup of
hydrochloride salts on internals.

The amine blend is formulated to elevate pH to corrosion-safe levels across the
entire condensation zone, from the point of initial water condensation, where highest
chloride concentrations and lowest pH’s are observed, through to the overhead
condensate drums where the overhead is totally condensed and bulk sour water is
accumulated, and at all intermediate water condensation points in the system.
Highest treat intensity is required at the point of initial condensation. The amine blend
is custom optimized to the condensation pattern of the treated system to minimize



et @

NEACMT

probahl e that one or nore of the am ne hydro:hF‘ f’iAdE”é‘E‘:ha&“iEEEs! wat er of

hydration associated with it at conditions ip fhe system an BeL ACTIPENT SHEET

hydrated salt has significantly |ower vapor pres@g2 gglphfngt nor e '

unhydrated salt. The candidate amne mxturetip refornulate i th

addi ti onal am ne conponents and the new tDxturée ' e [APS

simulation lab unit. This process is repeated_until a satisfaqtory am ne

bl end f orantihe tAga% ratest Biffdrenb APSrwdtsewill sequireadiffpretit blendsAldepending on their
operating conditions and crude being run.

Chlorides in APS systems have increased. Where chloride concentrations in
APS bulk condensate were typically in the 30 to 50 ppm range, values as high as
600 ppm are currently being observed. Correspondingly high doses of amines must
be administered to control corrosion. The amine treat rate cannot simply be increased
by increasing the amine pumping rate to the treated system. The total amount of
each amine in the blend must be limited so that the partial pressures of the
hydrochloride salts of the amines at points upstream of the initial condensation point
do not exceed partial pressure at which the salt will deposit on system internais. The
required increased treat rate is achieved by increasing the number of amine species in
the blend. Typically, blends of at least three, and as many as ten, amines are required
for most applications.

In accordance with the present invention, the treatment blend is formulated to
limit the amount of each amine in the blend so that the partial pressure of the
hydrochloride salt of each amine formed in the system by reaction with HCL does not
exceed the partial pressure at which it will deposit from the gas phase upstream of
the point of initial water condensation.

Another aspect of this current invention is that the amine neutralizer blend is
formulated to contain sufficient amines with basicity greater than ammonia (K, > 1.8
x 10 exp-b) to react with enough of the chlorides to bring the vapor pressure of
ammonium chloride below the level where it can precipitate on internal surfaces
upstream of the condensation zone. Amines that are more basic than ammonia have
a higher affinity for chlorine than ammonia, so they form the amine hydrochloride in
preference to ammonium chioride. Ammonium chloride deposits are undesirable
because they are corrosion sites and induce pluggage operating problems.

The amines selected have condensing and volatility characteristics close to
water and are soluble in water so that they condense with and dissolve in the
condensate and therefore are available to neutralize HCI absorbed by the condensate.
Depending on its temperature versus its vapor/oil/water solubility partition
characteristics, an amine will be very effective in one sector of the condensation zone
and less effective in another. The pH versus temperature curve of Figure 2 for a
system can be moved and shaped by changing the amine formulation. Ideally, the
amine mixture can be optimally custom blended to achieve the desired pH elevation to
corrosion protect the system at a minimum amine treat rate.

The amine blend is custom matched to the condensation pattern by selecting at
least one amine for the blend which is effective and efficient in each sector of the
condensation zone. Minimizing amine treat rate by optimizing the amine blend
formulation reduces the cost of the treatment, eliminates operating problems due to
high amine concentrations in downstream units, and mitigates deposition of amine
hydrochloride salt deposition. Determining an appropriate amine blend formulation is
part science and part art. Experimental confirmation that the amine blend candidate
works is required.
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the amines used in amine neutralizer blend formulations have water of hydration
atached to them. Depending on conditions in the tower, the number of waters of
hydration associated with an amine salt may vary. The volatility of amine
hydrochloride salts varies with the number of waters of hydration. Since the water of
hydration associcated with an amine at system operating conditions is generally not
known, the limiting partial pressure to avoid salt deposition is also uncertain.
Moreover, there may be interactions between amine components that affect salt
deposition, particularly if dibasic amines such as ethylene diamine are used.
Accordingly, candidate amine blends must be tested in a pilot distillation unit which
simulates the tower system to be treated. Likely as not, the candidate formulation
will have to be revised and tested several times to determine the best formula.
Moreover, if subsequently the system operating conditions or the crude oil
composition change, it is likely that the amine blend formula must be changed to
maintain optimal corrosion control.

Developing a candidate amine blend begins with obtaining and analyzing those
overhead system operating parameters which control the treatment. Operating
pressure, condensing temperature, overhead gas rate, composition, and concentration
of chlorides, water, ammonia and non-condensible gases in the overhead, are all
required data. These parameters can be obtained by direct measurement or from
~ simple material balances around the oevrhead system by conventional procedures.
Most of the chlorine and ammonia formed in the system appear in the condensed
water phase collected in the overhead condensate collection drums. Accordingly,
chloride rate can be calculated by simple material balance, knowing the condensate
rate and its chloride and ammonia concentration. Non-condensible gases are
discharged usually from a vent line off the top of the condensate accumulator drums
and are directly measured.

The water condensation rate and pH/chloride/corrosion rate vs temperature
profiles in the tower must be obtained. These data can most conveniently be
obtained using an Overhead Corrosion Simulator installed on the tower to remove and
cool a slipstream from the tower to be protected, taken at a convenient point
upstream of where water condensation begins.

The minimum theoretical or stoichiometric rate of amine addition is the number
of mole equivalents of amine per minute required to stoichiometrically neutralize the
HCI flowing through the tower. The actual amine addition rate to be used is 1.05 to
1.20 x the stoichiometric rate, the excess added to insure complete neutralization.
The base equivalents of amine required are distributed among a number of suitable
amines such that none of the amine hydrochloride salts formed exhibit a partial
pressure high enough for the salt to deposit on system internals upstream of the
condensation zone. For purposes of this calculation, to be conservative it is assumed
that all the amines form their hydrochloride salts quantitatively. Moreover, to provide
a further margin of safety, it is good practice to blend the amines so that there will be
no salt deposition even if temperatures in the overhead fall 50° F below actual
operating temperatures. The ideal gas law can be used to make the required
calculations.
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with basicity (K,'s) greater than ammonia are fed to the treated system to preclude
deposition of ammonium chloride upstream of the point of initial water condensation.
The molar ratio feed rate of high K, amines to ammonia should at least 1.1.

Both the amine salt and ammonium chloride deposition computations have an
inherent degree of uncertainty. Accordingly, it is good practice to test the candidate
amine blend formulation in a lab unit which simulates the treated system to confirm
that the candidate amine blend adequately

elevates the pH vs temperature curve to corrosion-safe levels across the condensation
range, that the amine blend is optimally efficient for the system being treated, and
that no deposits of amine sait or ammonia form upstream of the condensation zone.

The lab unit used to simulate APS systems is a small continuous distillation
tower with 20 trays, a reboiler, an overhead condenser, and a condensate collection
vessel. The unit simulates the upper trays and overhead system of the treated
system. The lab unit is operated at one atmosphere total pressure, whereas the APS
operates at several atmospheres. However, the partial pressures of the components
in the overhead system, naphtha, HCi, amines, nitrogen (to simulate non-condensible
gases), and ammonia, are all maintained at the same ratios as in the APS so the
simulation is valid. A naphtha is selected which matches the composition of the
naphtha in the overhead stream in the treated system. For most APS units, full range
naphtha is an appropriate test feed to match the gas in the overhead. Feed rates of
HCI, water, ammonia, and nitrogen (to simulate non-condensible gases) to the lab unit
are fixed to duplicate the partial pressures of these components in the APS system.
The lab unit is made of a transparent material such as glass or plexiglas so that salt
deposition in the tower can be visually observed.

A corrosion probe and thermocoupie which can be moved through the unit is
provided to obtain the corrosion vs temperature curve upstream of the dewpoint. A
pH probe is used to measure pH of the condensate below the dewpoint.

The candidate neutralizer amine blend is injected into the lab column at a
convenient point upstream of the condensation zone, typically about five trays from
the top of the column.

A typically run lasts several hours, during which the pH/corrosion rate vs tower
temperature profile is continually monitored across the observed water condensation
zone in the tower. The amine feed rate is increased to bring the pH at the point of
initial condensation in the corrosion-safe 5.0 to 6.0 pH range. The unit is checked
visually for deposition of ammonium chloride and/or amine hydrochloride salts.

In APS units, the conventional method of controlling the rate of injection of
amine blend into the APS is to throttle the feed rate to maintain the pH of the bulk
condensate which accumulates in the water boot of the overhead condensate drum
within a corrosion-safe range, typically 5 to 6. The amine pumping rate can be
controlled manually or by closed-loop automation.
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profile. The operator will pay particular attention to the point of initial water
condensation where the pH is lowest and corrosion risk highest. The system can
sound an alarm if pH falls or corrosion rate rises at any point if the OCS falls out of
control specification. Alternatively, the control can be automated with commercially
available instruments. A scanner peak picker instrument can be provided which
periodically scans the pH profile in the OCS and picks out the lowest pH. The low pH
signal is sent to the amine feed rate controlier on the feed pump, which compares it
with the setpoint. The controller adjusts amine pump feed rate to maintain the point
of lowest pH at the setpoint. '

The amine blend can be injected into the overhead system or into any
convenient downstream point below the decomposition temperature of the amines.
Preferably, the amine blend should be added as far upstream as possible away from
the condensation zone to allow maximum time for the vapor phase reaction between
the amines and HCI to occur. A suitable addition point for an APS unit is to the
kerosine stripper return line. The amine neutralizer blend is usually administered as an
aqueous solution, typically about 50% water.

EXAMPLE 1
Ammonium chloride deposition was induced in lab distillation unit simulating

APS overhead.

Stream components Mol % Rate
Naphtha (IBP-321 F; EP-352 F) 66.26 70 mi/min
Water 33.70 3.62 mi/min
Non-gondensibles 0.004 5.35 cc/min
Ammonium hydroxide 0.0012 0.028 g/min
HCI 0.0012 0.025 g/min

Salt deposition in the top five trays started immediately after initiation of flow
of ammonium hydroxide and HCI. Fouling quickly worked its way into the overhead
condensers. The run had to be terminated after 75 minutes because the top trays
were severely fouled and the column was flooding. Corrosion rates in excess of 400
mpy were recorded at locations above the water dewpoint temperature. Corrosion
rates above 5 mpy are excessive.

EXAMPLE 2 :
The same as Example 1 except that the following amines were added five trays

from the top of the column:

- Amine Rate, moles/min
MOPA 0.031
MEA 0.021
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EXAMPLE 3

Same as Example 1, but only for 15 minutes, to form coating of ammonium

chloride on the top column trays and in the condenser. Then the customized muilti-

amine blend was introduced. Not only did fouling stop, but the salt deposits in the

top trays and the overhead condenser vanished over a period of about one hour.

Most significantly, corrosion rate above the water dewpoint dropped to only two mpy

after the salt deposits vanished.

EXAMPLE 4 _
~ This example shows one calculation procedure indicating how an amine blend
for corrosion treating as APS can be formulated using the present invention:

APS stream Component Moles per Hour
Naphtha to overhead 5124
Water overhead 361
Chiorides overhead 0.023
Ammonia overhead 0.020
Non-condensible gases overhead 2.8

Total overhead stream 5,488.69
Operating Conditions

Total pressure 2311 mm Hg
Tower top temperature 370 F
Water dewpoint temperature 230° F
Total condensation temperature 110 F

The initial estimate of equivalents of amines required to control corrosion is 10% more
than the theoretical amount required to neutralize the chlorides, 1.1 x 0.023 chloride
moles per hour rate = 0.025 moles per hour of amines.

The candidate amine blend will include MOPA, MEA and morpholine. Calculate
maximum moles per hour of each amine that can be fed to the system so that partial
pressure of each hydrochloride salt does not exceed its dewpoint/sublimation pressure
at 210° F, which is a 20° F safety margin below the water dewpoint temperature.
{The ideal gas law is applicable for these calculations.) The maximum amine rate is
the total overhead flow rate 5488.69 moles per hour x vapor pressure of the amine
hydrochioride at 210° F in mm Hg divided by total system pressure, 2311 mm Hg.

Amine Salt VP at 210 F Max. amine rate Act. Amine rate
MOPA-HCI 0.008 mm Hg 0.019 Moles/hr 0.012 Moles/hr
MEA-HCI 0.008 0.019 0.012
Morph-HCI 0.002 0.005 0.002
Total 0.043 Moles/hr 0.026

This computation indicates that if the required 0.025 moles per hour amine feed rate
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or salt interactions occurred which effect the vapor pressure of the salts. Within the

constraints of maintaining the total amine flow rate at the rate required to neutralize

the chlorides and not exceeding the precipitation partial pressures of the amine salts,

the ratios of the amine components can be varied; and this is often done to optimize

and shape the pH profile across the condensation zone.

MOPA and MEA have K,'s higher than ammonia and, since for this case the
total amine 0.024 moles per hour feed rate exceeds the molar rate of chiorides
coming overhead in the system, there is no risk that ammonium chlioride will deposit
above the water dewpoint. In the general situation, it would be assumed that amines
with K,’s higher than ammonia would react quantitatively with chloride and the
remaining chloride would form ammonium chloride with the residual chloride. Then
the partial pressure of ammonium chloride would be computed and, using Figure 3, it
would be verified that ammonium chloride would not precipitate at temperatures
above the water dewpoint.

The candidate blend of MOPA, MEA and morpholine is tested in a lab APS
simulation test. The pH profile across the water condensation zone is observed. The
amine blend feed rate is increased until the pH profile is entirely in the corrosion safe
range, above pH 5.0. The amine feed rate is compared with the theoretical
stoichiometric rate required to neutralize the chlorides to determine that the excess
amine ratio required is reasonable. The lab column is checked visually to verify that
no amine salt deposits form. Also, corrosion probe is checked to insure that the
corrosion rate is below 5 mpy. Finally, the ratio of amines in the blend is varied
without exceeding the maximum amine limit of any component to determine the
optimum amine blend ratio for the three component mixture which provides the
required pH curve elevation at minimum total amine feed rate.

If amine salt deposits are observed upstream of the water dewpoint line using
the MOPA, MEA, morpholine candidate blend, even if calculations made using vapor
pressures of the hydrochloride salts indicate no deposition should occur, then it is
probable that one or more of the amine hydrochlorides has less water of hydration
associated with it at conditions in the system, and the less hydrated salt has
significantly lower vapor pressure than the more unhydrated salt. The candidate
amine mixture is reformulated with additional amine components and the new mixture
tested in the APS simulation lab unit. This process is repeated until a satisfactory
amine blend for the APS system to be treated is developed.
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1. A process for inhibiting corrosion in condensing systems comprising
hydrocarbons, water and chlorides, said process comprising feeding a biend of
amines to the condensing system at a rate which maintains the pH of the water
condensate at all points in the condensing zone of said condensing system above
the pH at which significant corrosion of the construction materials of the
condensing zone occurs, said blend of amines formulated using a sufficient number
of different amines so that no hydrochloride salt of any of the amines in said amine
blend can deposit as a liquid or a solid on any internal surfaces of the condensing
system which is hotter than the water dewpoint temperature of said condensing
system, said blend also being formulated to contain sufficient aminés with K,
higher than ammonia to prevent formation of deposits of solid ammonium chloride
on said internal surfaces in said condensing system which are hotter than the

water dewpoint of the condensing system.

2. A process for inhibiting corrosion in condensing systems comprising
hydrocérbons, water and chlorides, said process comprising feeding a blend of
amines to the condensing system at a rate which maintains the water condensate
pH at all points in the condensing zone of said condensing system above the pH at
which significant corrosioh of the construction materials of the condensing zone
occurs, said blend of amines formulated from a sufficient number of different
amines so that for each amine the partial pressure of its hydrochloride salt does
not exceed the vapour-liquid/equilibrium pressure for that salt at the water
dewpoint of the condensing system, said blend also being formulated to contain
enough moles of amines with K, higher than ammonia so as to reduce the partial
pressure of ammonium chloride in said condensing system so that ammonium
chloride cannot condense on surfaces in said condensing system which are at

temperatures hotter than the water dewpoint temperature of the system.

3. The process of claims 1 or 2, in which the blend of amines is custom
formulated to the condensing system so that the pH profile throughout the
condensing zone of said condensing system is above the pH at which significant
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corrosion of the construction materials of the condensing system occurs and the

amine feed rate is minimum.

4, The process of any one of claims 1 to 3, in which the feed rate of said
blend of amines is controlled using an Overhead Corrosion Simulator to monitor the

pH versus temperature profile in the condensing zone of said condensing system.

5. The process of any one of claims 1 to 4, in which the condensing system is

an atmospheric pipestill used to distil crude oil into product fractions.

6. The process of any one of claims 1 to 5, in which the amine blend is
determined by testing a ca_ndidate blend of amines in a lab unit which simulates
the condensing system, increasing said amine feed rate to elevate the pH profile in
the water condensing zone above the corrosion safe pH, observing if said hydro-
chloride salt deposits of one or more components form above the water dewpoint
temperature, and, if said deposits do form, inc'reasing the number of components
in said amine blend while reducing the feed rate of each component until the safe
pH elevation is achieved without said amine salt deposition above the water

dewpoint.

7. A process for inhibiting corrosion in condensing systems comprising
hydrocarbons, water and chlorides as claimed in claim 1 or 2, which process is
substantially as herein described with reference to any one of the Examples and/or

Figures but excluding any comparative Examples and/or Figures.

8. The product whenever prepared by the process of any one of claims 1 to 9.
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PROCESS USING AMINE BLENDS TO INHIBIT CHLORIDE CORROSION
IN WET HYDROCARBON CONDENSING SYSTEMS

ABSTRACT

The disclosure is a process for inhibiting corrosion in condensing systems
comprising wet hydrocarbons and chloride which comprises feeding a mixture of
amines to the condensing system to elevate the pH profile of condensed water
above the range in which severe corrosion of system internals can occur. The
amine blend is formulated to preclude deposition and accumulation of the
hydrochloride salts of the amines above the water dewpoint and is optimized to
the condensing system to minimize amine treat rate. In one embodiment, the
amine blend feed rate is controlled using a small condensing system which
condenses a slipstream of gas taken from the system upstream of the condensing

zone and continually measures the pH profile in the condensing zone.
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corrosion of the construction materials of the condensing system occurs and the

amine feed rate is minimum.

4. The process of any one of claims 1 to 3, in which the féed rate of said
blend of amines is controlled using an Overhead Corrosion Simulator to monitor the

pH versus temperature profile in the condensing zone of said conden_sing system.

5. The process of any one of claims 1 to 4, in which the condensing system is-
an atmospheric pipestill used to distil crude oil into product fractions.

6. The process of any one of claims 1 to 5, in which the amine blend is
determined by testing a candidate blend of amines in a lab unit which simulates
the condensing systerﬁ, increasing said amine feed rate to elevate the pH profile in
the water condensing zone above the corrosion safe pH, observing if said hydro-
chloride salt deposits of one or more components form above the water dewpoint
temperature, and, if said deposits do form, increasing the number of components
in said amine blend while reducing the feed rate of each component until the safe
pH.elevation is achieved without said amine salt deposition above the water

dewpoint.

7. A process for inhibiting corrosion in condensing systems comprising
hydrocarbons, water and chlorides as claimed in claim 1 or 2, which process is
substantially as herein described with reference to any one of the Examples and/or

Figures but excluding any comparative Examples and/or Figures.

8. The product “whenever prepared by the process of any one of glaims 1 to 7.
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