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METHODS %b%ﬁbﬂ TI NG FOAM FORVMATI ON I N PCT/US98/14961
ALKANCLAM NE® SYSTEMS FI ELD OF THE | NVENTI ON 5 The present
invehtion relates to a nmethod of inhibiting foam formation in an

al kanol am ne systemin an oil refinery. Mdrre particularly, t he present
i nvention relates to a nethod of inhibiting the foam formation in the
stripper of an al kanol am ne system caused by entrained |ight 10

hydr ocar bons by adding an oil-in-water denmulsifier to the liquid/liquid
absor ber. BACKGROUND COF THE | NVENTI ON 15 In an oil refinery,
an anmne unit is a processing unit that renoves acid gases froma

hydr ocarbon process flow. The primary acid gases to be renoved are
hydrogen sul fite and carbon di oxi de. Acid gases are comonl y renoved by

contacting the hydrocarbon streamw th an

METHODS OF INHIBITING FOAM FORMATION IN
ALKANOLAMINE SYSTEMS

FIELD OF THE INVENTION

The present invention relates to a method of inhibiting foam
formation in an alkanolamine system in an oil refinery. More particularly,
the present invention relates to a method of inhibiting the foam formation
in the stripper of an alkanolamine system caused by entrained light

10 hydrocarbons by adding an oil-in-water demulsifier to the liquid/liquid
absorber.

BACKGROUND OF THE INVENTION

15 In an oil refinery, an amine unit is a processing unit that removes
acid gases from a hydrocarbon process flow. The primary acid gases to
be removed are hydrogen sulfite and carbon dioxide. Acid gases are
commonly removed by contacting the hydrocarbon stream with an
aqueous organic amine such as monoethanolamine (MEA),

20 diethanolamine (DEA), methyldiethanolamine (MDEA),
diisopropanoclamine (DIPA), diglycolamine (DGA) or triethanolamine

(TEA) diluted in water as an amine solvent. The amine solvent reacts



agueous organi ¢ am ne such as nonoet hanol anm ne (MEA), 20 diethanol am ne

(DEA) , anol am ne (MDEA), di i sopropanol am n P ’

di gl ycol, an(?%%/ %GA) or triethanol am ne (TEA) diluted ?ﬁ*@lﬁ@“gg’s an
ami né sol vent. The anine sol vent reacts WD 99/ 13957
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the acid gases in an absorber, thereby penoving themfromthe

hydr ocarbon stream The am ne-acid gas reaction is later reversed in a
stripper, resulting in an acid gas stream and a reusabl e sol vent stream

5 In the treatnment of |ight hydrocarbons (G - C7) in an amne unit,
enul sions of the hydrocarbon in the aqueous organic am' ne can form In
addition, dra s_af theaueo ne can | sified

in the Ii quﬂﬁh@@rﬁ‘&gr%ﬁ% %‘? E&é%?“ﬁ%ﬁf f&WOV@?ﬂ; ani nat| ng

downst r eam W@%bbﬁ%t%éﬁ@eﬁb%m §d gHiTebeRiNIRE S?Me%rﬁd

aqueous organic am ne streamin the absor I's not sufficrent to aIIow
resol uti on étrippesakesigtiog ins aotacidrghsistresm mhdra reusable spivenmtystreamr bon-

i n-wat er emnul sions reach the stripper, the |light hydrocarbon can expand
froma liquid to a vapor causing uncontrollable foam ng. The formation of

foamin the strinaaheYftidtmeht Hf‘ﬂ@%ﬂﬁ)ﬂi?béa%ﬁs%ﬁ LeP] i#gh Bding upRpar at | on

15 process in the stripper. attenpts to con amng In the
stri pper emilsignsdef tth\yulsecarboannltlhe)aqneoes brganie aaride mangotrcdnes) ,
I ncr easi ng eratur installation of a

flash drum tagﬁ'j&g%r? dr%gye‘?oug %mﬁﬁﬁ?@ﬁﬁr g?gr%{fﬁ IRg c@’égeézeﬂ'@r%m&i ifigghi | e such
met hods exhijRithe HQORY h){drocéifﬁdrpél?éfamt(g‘%pyatéf-ﬁ'\ Bt %L@%N@g}i@w@ﬁlﬁ]'ﬁ@h{;  VENTI ON

successful or are costly to I mpl enent
downstream hydrocarbon processing units. The residence time of the

10 aqueous organic amine stream in the absorber is not sufficient to allow
resolution or breaking of such emuilsions. When such light hydrocarbon-
in-water emulsions reach the stripper, the light hydrocarbon can expand
from a liquid to a vapor causing uncontrollable foaming. The formation of
foam in the stripper unit is undesirable and can overwhelm the separation

15 process in the stripper. Typical attempts to control foaming in the stripper
include the use of antifoams (silicone and nonsilicones), increasing the
aqueous amine stream temperature, installation of a flash drum, and/or
installation of an inlet gas separator. While such methods exhibit some

efficacy, they are usually only partially successful or are costly to
20 implement. .

SUMMARY OF THE INVENTION

The present inventor discovered that the addition of certain
25  chemical demulsifiers to one or more of the liquid streams entering the
absorber of an amine unit and/or the organic amine stream exiting the
absorber, substantially reduces the presence of liquefied hydrocarbon
gasses entrained in the acid gas rich, aqueous, amine stream. This
reduction in liquefied hydrocarbons in the acid gas rich, amine stream



The present inventor discovered that the addition of certain 25 chem cal
denul si f iveo99n39spne or nore of the liquid streans entering Hdi®yses/14961
absorber, of an am ne unit and/or the organic am ne streamexiting the
absot ber, substanti al l y reduces the presence of |iquefied hydrocarbon
gasses entrai ned in the acid gas rich, aqueous, am ne stream This
reduction in liquefied hydrocarbons in Bhe acid gas rich, am ne stream
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significantly reduces foamformation in the stripper. Fouling deposits in
the stripper are also significantly reduced. The reduction in foam ng and
foul i ng i n tdignificanihp eedesesfoans for I f a

DR BT O e T AN B str rpdlﬁ'n%ée%"esr’n Mvent or
di scover ed ttheistiiprenang alﬁeﬁlmlf@@mﬂwedumd The redustiohrig fdamﬁgsahders to

or gani ¢ r2outg S AEAPHRER ERbARReS RRERan anSR@neihitor an am no- unit

will effectively prevent the formation of foamin t he am ne unit
stripper w thout foullng t he exchangers trays, or filters of t he
unit. Thé t\BESSRIPTHION OfFi TH EFERRED EMBODMENTON refining to

renove aci d gases fron1a hydr ocar bon process flow. An am ne unit
typically includes an absorber where the acid gas containing hydrocarbon 15

streamis cont aCt?ﬂegfré&n"l ihfehtof @%VE}%de?%tﬂgg%a@?grtﬁféeﬁ? %ohl gh

pressure, |ow tenperature vesse I'n whic R-the

hydr ocar bon feemiagdeendsifiers tathehiiquiduesrmpressed HydeocaTbBA sivedhm S
removed fromt.he hydr ocar bon stream, An_undesirabl e action which can

al so occur iNEHBIASIBR RAUEPYS, Arganis ﬁﬁvﬂ%ﬁtrsmﬁmeaaam@mng @ater or 20
1o o MRS AL 8PS BTt 1 Kl R BB AR
t he downst r ehedmpithecarsit biripper adiesit r@;lm the.exthangersyaidyenopfilters of
the unit. The typical amine unit is employed in hydrocarbon refining to
remove acid gases from a hydrocarbon process flow. An amine unit
typically includes an absorber where the acid gas containing hydrocarbon |
15  stream is contacted with a lean amine stream. The absorber is a high
pressure, low temperature vessel in which the acid gas present in the
hydrocarbon stream reacts with the aqueous, organic amine and is
removed from the hydrocarbon stream. An undesirable action which can
also occur in the absorber is the formation of hydrocarbon-in-water or
20 water-in-hydrocarbon emulsions. [f water-in-hydrocarbon emulsions
form, the presence of water in the hydrocarbon stream can contéminate
the downstream hydrocarbon processing units. The formation of
hydrocarbon-in-water emulsions can adversely impact treatment of the
aqueous, organic amine stream prior to its reuse.
25
The aqueous, organic amine stream, after reaction with the acid
gas, is treated in a stripper where the reaction between the acid gas and
the amine solvent is reversed so that the aqueous organic amine can be

reused. The stripper is a high temperature, low pressure unit. If

\



hydr ocar bon-i n-wat er enul si ons can adversely inpact treatnent of the

aqueous, Qrganic amne streamprior to its reuse. 25 e’
aqueous, YERHEani ne stream after reaction with the aci dPCTmsg-szlétgfl S
treated’in a stripper where the reaction between the acid gas and t he
am ne solvent is reversed so that the aqueous organic am ne can be

reused. The stripper is a high tenperat ug e, | ow pressure unit. |f WO
99/ 13957
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conpressed, gaseous hydrocarbon is enulsified in the aqueous, organic

am ne stream then, at the | ow pressure and high tenperature of the
stripper, it will vaporize, causing foam formation. 5 The use of
convent i onal COMRESSed.cgrRsACYS hydragadan isapulsiieddn theaqueous ;@r@asi¢ ed f oam

formati on has foun | ql k WP onpr essed
gas is ent raiarfgﬁ%n% e d{@%ﬂ, ?nggr lol%é}eésgﬁréééﬁégld}?@n%%@égi rab % si de
effects such qagpsén daniosaporizeu tansingffoamagamation.ki ng, exchangers, and
filters. The addition of an inlet gas separator or flash 10 drum can

inhibit foamformation in the stripper but is a costly, capital

i ntensi ve _solutio . i i hat f
formationSin a strThpese of conysniorglarliGa Hoehly Fiir sifppEPUEEabTal T oam
undesirabl e SirtResifddeolm fdrnmation Heldbegn foumtoftseibf limitedusefuinesst abi | i zi ng

dermul sifier to one or nore of the streans fed to the absorber, or the
aqueous, or gawhen gampsessetaas is entraingd djorasverdbsiryse cameause

CCabi | roat ot SRS SR SRR G LB s foulod B PRLbocKing, (e
absor ber, t husxdrRfigers taridRiteral Iy additibnltf dhdnrst iges Separator drdlagh  t he
stripper. This decreases the rate of foam formati on w t hout

excessi veloy | @itinegshighibitdoamdiormation i thenstrippanbuhigta casthvigapitaby t he gas
intensive solution.

a

The present inventor discovered that foam formation in a stripper
could be significantly reduced, without undesirable side effects, by -

15 adding a non-fouling, non-foam-stabilizing demulsifier to one or more of
the streams fed to the absorber, or the aqueocus, organic amine stream
leaving the absorber. The non-foam-stabilizing demulsifier inhibits the
formation or stabilization of hydrocarbon and amine emulsions which form
in the absorber, thus reducing the carryover of hydrocarbon foamant to

20 the stripper. This decreases the rate of foam formation without
excessively increasing the stability of the foam that is formed by the gas
being stripped, for an overall net reduction in foaming. As an added
benefit, it was found that the addition of these demulsifiers to the
hydrocarbon stream or the aqueous, organic amine stream fed to the

25 absorber also inhibits the formatibn or stability of amine-in-hydrocarbon
emulsions and any subsequent emulsions, of caustic or wash water in the
hydrocarbon, found do_wnstream. These emulsions can adversely effect

downstream hydrocarbon processing units.



being stripped, for an overall net reduction in foam ng. As an added
bénefit, wdooMmssfound that the addition of these demul sifi @caaisesiivar

hydr ocar bon stream or the aqueous, organic anmine streamfed to the 25
absorber also inhibits the formation or stability of ami ne-in-hydrocarbon
enul si ons and any subsequent emul sions, of caustic or wash water in the
hydr ocar bon, found downstream These emgl si ons can adversely effect
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The denul sifiers of the present invention are selected fromthe gr oup
consi sting of al koxylates of the follow ng: alkyl phenols, al kyl am nes,
al kyl ol s and/ or e i _t & L nkj ] dehydes,

di- or multi func{)? Ih%gj:eﬂ&%lhgrsoégﬁg é}%ggng{q&ﬁﬁgéé%g%I#Le\@té@from e are

sel ect ed si ngroViporisistiyéh diRbkAaR sSefthe fORdwinge dl@pheholeont ent of

ethyl ene oxide (EOQ is |less than about 50% if all conponents are
branched or @kyesinascaikylols and/or pelyolspihioravidbout capsstinkingowithand f urt her

i gt s DHBAVAR i BF R HAS R aci ks BoeiiERe ARl s B il T er < o

the presgnt Tﬁéf@é\bf@@e@rcﬁedi'smggxwm combin@tieRs sLchkieat thbksveraRceAtehtol s,
preferably, the al koxyl ated adducts of pol y(propyl ene glycol) and t he

di gl yci dyl eefrethylehexoxddei(EQ)-ipleasdhan abous 58faritall EpOPCBRBYS ammese wer e

ani ne- i n- ny VOB arrased. BE s ana 8ot AR KA AN aBElinbe i

di epoxi de dempgviddd izt aafya.:rm'raﬁ@rﬁé@luhd?asﬁmked ché&héiﬂ'héH@ﬁYélé&@laﬁ' ycol

having a nolecul ar wei ghi from about 2,000 t 000. The preferred
mol e ratio ovejghtjessoihancakowI3/Bl to diglyci dyI "ether of 2,2

bi s- p- phgnol propane ranges from about 1:3 to about 3:1. 20 Optional ly up
to 60 w % propyl ene oxide (PO and up to 30 wt.% preferably 10-20%
et hyl ene oxide (E@he';ﬁeﬁéfﬁ&aéﬁﬂﬂélﬂeﬁmhé resent m@éﬁﬁﬁﬁ Steibiepoxigd | abl e
conmpounds of this type include Arbreaks 139 and 070 from Aquaness, a

di vi si on of Gaissrlinkegralkpxyhatels diaks ppelieratoly, tme alkoxylated adducts of
poly(propylene glycbl) and the diglycidyl ether of 2,2 bis-p-phenol
propane (Epon 828). These were found to quickly and cleanly break

15 hydrocarbon-in-amine and amine-in-hydrocarbon emulsions formed in
alkanolamine absorbers. The diepoxide demulsifiers are preferably made
with polypropylene giycol having a molecular weight from about 2,000 to
10,000. The preferred mole ratio of polypropylene glycol to diglycidyl
ether of 2,2 bis-p-phenol propane ranges from about 1:3 to about 3:1.

20 Optionally up to 60 wt.% propylene oxide (PO) and up to 30 wt;%,
preferably 10-20% ethylene oxide (EO) is subsequently reacted.
Commercially available compounds of this type include Arbreaks 139 and
1070 from Agquaness, a division of Baker Hughes; Witbreaks DRI-8010, -
8016, -9020 and -9025 from Witco Chemical Corp.; Special Product 1047

25 from Champion; Kemelices D400, D401 and D316 available from ICl; and
Dissolvans 2820, 3431, and 3245 from Hoechst.



9016, -9020 and -9025 from Wtco Chem cal Corp.; Special Product 1047 25
from Chappi : mel i ces D400, D401 and D316 available fro

Di ssol va&@5 %?3,5?3431 and 3245 from Hoechst. WO 99/ 1%&598’?&(31
PCTI US98/ 14961

Ef fective dosages of oil-in-water demulsifiers in al kanol am ne systens
range from about 1 part per mllion (ppg to about 10,000 ppm nor e
typically fromabout 10 ppmto about 100 ppm 5 Ef fective
tenperatures at which these oil-in-water denulsifiers are effective in
al kanol am ne systens range from-20 [err]C to +100 [err]C The
present invention will now be described with reference to a nunber of

speci fic exanpl e ich,are to be re ded s | ustrative and
not as restri cti %‘f%%é’ eqRnR0es5:0fQliing %Qeé n?"ﬂ?gﬁE% gmnalﬁano amine In the
exanpl es, {ths PAMGW rBATHDSUL 1 BaR Pk il RIF(pRIACto about 10, 000 b))

Pol y(propyl e g gl ycol§@d| epoxi de g ko% late with 16% EO and pp

MV of 4.0 kbnorectypinatiy£ram adboat NBlppm to aboebted ppmas

Di ssol van 3245. (B) Al kyl phenol - f or mal dehyde/ pol y(propyl ene

gl ycol ) pol yal koxy ol igo- (acrylomaleate) with 40% EO and
MWV of 254kD, Eff t ra@w.émrfé\é@d.ﬂmwaiér%arﬁwsmér@%rw tbr eak
DRI -9037.5 20 ?ctive e propy ene glycol) ethoxylate wth 40% EO and MV

P a4, effective '5) ?bﬂ m%sq?ﬁsﬁénﬁém@b%? G S0% E0 and

MV .3 kD, commercially avallable fromWtco as
W t br eak

The present invention will now be described with reference to a
number of specific examples, which are to be regarded solely as

10 illustrative and not as restricting the scope of the present invention.

In the examples, the following demulsifiers were employed:

(A) Poly(propylene glycol) diepoxide alkoxylate with 1€% EO and
15 MW of 4.0 kD, commercially available from Hoechst as
Dissolvan 3245.

(B) Alkylphenol-formaldehyde/poly(propylene glycol) polyalkoxy
oligo- (acrylomaleate) with 40% EO and MW of 25 kD,
commerciaily available from Witco as Witbreak DRI-8037.

20 (C) Poly(propylene giycol) ethoxylate with 40% EO and MW of
3.9 kD, commercially available from BASF as Pluronic P-84.

(D) Alkylphenol-formaldehyde alkoxylate with 50% EO and MW
of 2.3 kD, commercially available from Witco as Witbreak
DRC-168.

25 (E) Poly(propylene glycol) ethoxylate with 10% EO and MW of
1.9 kD, commercially available from BASF as Pluronic L-61.

(F) Poly(propylene glycol) ethoxylate with 10% EO and MW of

3.2 kD, commercially available from BASF as Pluronic L-101.



DRC-1 68. 25 - (E) Poly(propylene glycol) ethoxylate with 10% EO and

MW of WO 99/13957 1.9 kD, commercial |y avail abl e fromgAShsamabdiur oni c
L-61. - (F) Poly(propyl ene glycol) ethoxylate with 10% EO and MV
of ' 3.2 kD, comercially available from BASF as Pl uronic
L-1 01. WD 99/ 13957
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(G Poly(propylene glycol) with no EO and a MW of 4.0 kD,

commercially avail able from Dow as Dowanol 4000. (H

Conventional silicone based antifoam a 125 St
di net hyl si | oxane fluid, used as a control, commercially 5

?\elginl, aglqﬁe]:)trjg,m \(;\ir’g(gﬁi %@WF@%&&@&%‘&M%@W %MWM'Of om anlg)lm'mr_leOf

unit was placed in a gb@ffertialy avhalldbléFror Ddw as DowbABD4ADO0.9r ade) hept ane.
Chem cal treatnent was added to the heptane. The tube was heated to

43[err] C (a typi ctf) sCpovertionalsiiconepasedantiferfe® 125 Stfor five minutes

ohth Tor evaluati on GRebUfISR: fulfReBHREEE cBRFNI, Refaerigin  Ter -

5 available from Witco as OSi SAG-10.

Example 1
15 mL of lean, aqueous, organic amine (monoethanoclamine or
10  MEA) from an amine unit was placed in a glass tube with 75 mL of
(reagent grade) heptane. Chemical treatment was added to the heptane.
The tube was heated to 43°C (a typical scrubber temperature) and mixed
for five minutes by shaker. After mixing, the sample was placed back in a
43 °C bath for evaluation. The degree of emulsification immediately after
15 mixing (instantly) and after five minutes was observed. Table 1

summarizes the results.

Table 1
. Results
Process Chemical Heptane Layer F Layer '} MEA Layer
MEA Treatment Appearance™ Volume {% of Appearance ¥
MEA)
Sample | Product | ppm Active | Instantly | 5 Min. Instantly | § Min. | instantly | 5 Min.
Blank 0 Clear Clear 13% 1% Cloudy Cloudy
#1 A 12 Clear Clear 0% 0% Clear Clear
B 10 Clear Clear 7% 0% Cloudy Hazy
C 17 Clear Clear 13% 13% Cloudy Cloudy
Blank 0 Clear Clear 13% 13% Cloudy Cloudy
#2 A 12 Clear Clear 0% 0% Clear Clear
B 10 Clear Clear 13% 3% Hazy Hazy
C 17 Clear Clear 13% 13% Cloudy Cloudy

Notes:

1) I/F is interface, a layer of emuision between the lean MEA and heptane
layers. (This predicts cross entrainment of phases due to failure to resolve.)

2) “Cloudy” is opaque; "Hazy" is translucent; “Clear” is transparent.



15 m xing (instantly) and after five mnutes was observed. Table 1

sunmari zes, t sul ts. Tabhle 1
Resul ts aoﬁ%a%sgs Chem cal Hept ane PCT/US%S/II%q?ayer
VEA Layer VEA Tr eat ment Appear ance[ err] Vol une (%
of Appear ance

VEA ) Sanpl e Product ppm Active | nét antly 5 Mn. Instantly 5 Mn.
Instantly 5 Mn. Bl ank Cl ear Cl ear 13%

7% Cl oudy Cl oudy #1 A 12 C ear Cl ear 0%
0% C ear C ear B 10 C ear C ear 7%
0% Cl oudy Hazy C 17 d ear d ear 13%
13% Cl oudy Cl oud Bl ank 0 Cl ear Cl ear 13%

13%  Coudy O d@pje 1 showsgthat, atdypical process temperaturgseamnd usirg ear 0%
0% Cl ear r ear 13%
39 Hazy heptgn&aésya proxy for actual%ocess hefc?r?carbon, em&a%@grof tw 13%

Cl ear
13% O oudgepar@tepedcess aminsgtfafied to resolved in Ar&assndbilé ebhtctor 2 | ayer of
enul si on between the | ean MEA and hept ane | ayers. (This predicts

cross ent r ai FRidRNGS tipraxitiout teeatmentiandrtbat iherameunteof)hydrocarbopy thatl oudy”
IDSCT? ngg%i 49§ﬁﬁ¥ine'dsln&>r ﬁl’ésérﬂ?ne&[lvas a%i%a%le flrasctltorna('&%q%r‘!eﬂ%) ogthe vcyl\emgegl 13957
Table 1 showsf tHeedmiris. WHECRaperiRE I8at radBls hatrocasb@n olsd Bempriselept ane
as a proxy for actual process hydrocarbon, enulsions of two

volume 70 times larger than the amine itself, and result in uncontrollable

foaming. The treatment of the present invention reduced the potential for

foam-inducing entrainment to, in the best case, zero.

10
Example 2

15 mL of lean, aqueous, organic amine (monoethanolamine or

MEA) from an amine unit was added to a glass tube. The chemical

15 treatment was added and the tube capped and placed into an ice water
bath. 75 mL of liquid propane distillate (LPD) from an amine unit was
slowly added from a pressure regulated bomb to the sealed tube through
a valve in the tube cap. The valve was closed, the fill line disconnected,
and the tube shaken for five minutes by shaker. After mixing, the tube

20 was evaluated for degree of emulsification. Evaluations were made
immediately after mixing (instantly) and after five minutes of room

temperature exposure. Table 2 summarizes the results.



separate process anmnes failed to resolve in a reasonabl e contactor

resi denceyd bergsowd t hout treatnment and that the amount of hy%‘?@%&?ﬁﬁﬁbsﬁhat 5
entrained into the am ne was a sizable fraction (up to 13% o e Vol une
of the ami ne. Wen vaporized, that nuch hydrocarbon woul d conprise a
volume 70 tinmes larger than the amne itself, and result in uncontrollable
foam ng. The treatnent of the present imvention reduced the potential for

foam i nduci ng entrainnent to, in the best case, zero. 10 Exanpl e 2
15 nL of | ean, aqueous, organic am ne (nonoethanol am ne or VEA) from
an amne unit was added to a gl ass tube. The chem cal 15 treatnment was
added and the tube capped and placed into an ice water bath. 75 nL of
liquid propane distillate (LPD) from-+g,amne unit was sl owl y added
froma pressure regulated bonb to the~Seared tube through a valve in
the tube cap. The valve was closed, the fill Iine disconnected, and
the tube shaken for five -RuH-es—-by—shaker—Aflter mxing the tuhe 20 was
eval uat edor ",ﬁi&q— oF—¢ "'ﬁPBiL; iec %.toi S EVEF?,"”';i QRS
t enper at Ul FroBudt JPPhFACtive I ikstantly [ 5 MR, Z[Onsthntly | SWIhL J tnstantly | 5 M0 09/ 13957
PCT/ US911¥8&dx 0 Wall wall @ | 33% 20% | Cloudy ClouﬁY
Table 2 }A 17 Clear Clear 0% 0% | Hazy Ragul tis
Chemi cal A 3D Layer CléBop) | Clear 0% MEA|LeSer | Hadyot t Oithzy
Treatnent| A Rppear af @éﬁ[’la%;r] Clear B0 a Vol Be[ eHady Mapearlance[ err]
Pr oduct ppgn Activ’% I nst atffdlly, g Walle, | J7hst angl §% 5| @lavdy | Squdnt)y 5 Mn.
Bl ank 20 Vel T8N [ oMl 1] 35 v [35% | Sloudnoq Cloudy gy
an Dp {30 V@l ) cl 3% L 197% | Gloudy '] cloudy "9
d Oud)i N&eS' 17 cea -Ccat T Hazy
Hazy )
1) "Wall” means the LPD layer is clear but it has some lean MEA sticking on
the wall of the LPD layer. (This predicts entrainment of MEA via fouling of
5 contactor.)
2) Increase in the volume of lean MEA layer after mixing relative to its original
volume. (Since only 15 mL of lean MEA was added, if the volume of lean
MEA is larger than 15 mL, it means some LPD is emulsified into the lean
10 MEA.)
3) “Cloudy” is opaque; “Hazy” is translucent; "Clear” is transparent
Table 2 shows that using actual process hydrocarbon at a lower
15 than actual process temperature (for safety reasons) emulsions with
actual process amine are even more severe than those made with
reagent grade heptane. In the absence of the claimed chemical
treatment, liquid propane was finely dispersed into the entire body of the
amine layer in an amount equal to 33% of the amine volume (165 times
20 the volume as vapor). The treatment of the present invention reduced
that actual entrainment to, in the best case, zero.
The tendency of demulsifiers to stabilize foam has resulted in
avoidance of their use in amine units. In a stripper, any reduction in the
25 entrainment of foam generating gas from demuilsifier addition was

expected to be offset by a countervailing increase in the stability of the



A 35 Cl ear C ear 0% 0% Hazy . Hazy

A d ear d ear 0% 0% Hazy : B
27 WOWPPS"[ err] Vall [err] 7% 7% Cl oudy PEITf)UL#ég;%Gl C
30 - Vall [err] vall [err] 20% 20% d oudy Cl oudy D

30 C ear C ear 13% 7% Cl oudy Cl oudy Not es:
1) "wall" means the LPD layer is clear gut it has sone | ean MEA sticking on
the wall of the LPD layer. (This predicts entrai nment of MEA via fouling of
5 _ contactor.) 2) Increase in the volune of |ean MEA

| ayer after mxing relative to its original vol ume. (Since only
15 nL of lean MEA was added, if the volume of |ean MEA i s

| arger than 15 S erm nt o th 0

NEA) foamgenesRiRR b essDpRgL NS pEDyAS s she e sdt Invay
transparent were not found to mgmffé’éﬂtﬁl StablliReSohRAI THE effdcost é'é\huﬁﬁﬂlﬁ'@ss
hydrocarbon at a lo han actual process tenperature (for safety
reasons) emorsfaam s&ahlhtywastestedaetfo&mw;r ocess amine are even nore severe
than those made with reagent grade heptane. In the absence of the
cl ai mred chem cal treatnment, liquid propane was finely dispersed
into the entgyg Ry of the am ne layer in an anmount equal to 33%
of the amn me (165 times 20 t he vol une as vapor). The treatnment
of the present invention reduced that actual entrainnent to, in

t he best case, The tendenc nmu| Slfl s,to
stabilize foam haégq&lupt@? Ieﬁn MEA were p%\;r&dd PPcé 533P ‘Pﬁeqy."“ﬂ% {tﬁdam ne
units. I'n a ghhiRSHderiay hedUCtHoBylintidr WasSparged wnﬁmhrtﬁjgymﬁo@éhf oam
generating gas fromdenul sifier addition was ected to be

of fset by a afinetporediit (size D)@t d80embiminhandtheiated tq/83fCt typical

stripper temperature). Chemical treatments were added through a

septum and their effect on the equilibrium foam height was observed.
Surprisingly, some demuisifiers were found to destabilize foam. These
10 were added in progressively higher concentrations to see if foam would
be stabilized in an overtreatment situation. Foam destabilization
continued to improve to extremely high doses and could be used to
counteract the foam stabilization effects of the other demulsifiers. Table

3 summarizes the resulits.

Table 3
MEA Chemical Treatment
Sample 1st ppm 2nd ppm Effect on Foam
Product Active Product Act.
A 17 - - None
B 14 - - None
C 15 - - Greatly Increased Foam
#2 D 15 - - Slightly Increased Foam
E 4800 - - Completely Suppressed Foam
F 1500 - - Completely Suppressed Foam
G 5000 - - None
A 17 E 4900 | Completely Suppressed Foam
#1 A 17 E 4500 | Completely Suppressed Foam
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10 wofwoasgsgenerated in the stripper. The denul sifi er spefukdg14BELSeNt
i nvention " were not found to significantly stabilize foam The effect of
demul sifiers on foamstability was tested as foll ows: Exampl e 3
250 nmL of the lean MEA were poured into a 500 nL cylinder fitted 5 with a
condenser head. The cylinder was spargediwi th nitrogen through a fine
pore frit (size D) at 400 nmL/mn. and heated to 82 [err]C (a typical
stripper tenperature). Chem cal treatnents were added through a septum
and their effect on the equilibriumfoam hei ght was observed.

Surprisingly, sone demulsifiers were found to destabilize foam Thes;adlo
were added in pro ' ' At o] ' wou

e ot abi i zed | n SEok S el nal g (5P REAIALIN Goa PR blodfatk

cont i nued t oglyeph@thoxylatexwite % B0, gindltsa snuaidlessel dxteat D5am t 0

t t th abilization effects of _the_gother denulsifiers. Table
gogﬂm%?;: Zesa&x&%}fqgnaldeﬁyde alkoxyFate with 50% EO, were safe to use asp| ¢ 3

VEA . i . . . 2nd
ppm antIJ:_\:pTa &%mg,nn?éig?nﬂ-lﬂﬁ\ﬁéeghet géﬁ@&ﬁ‘c‘pg ei%{clt’v'g alk%w&me Act .
A 57 units. It also shows that foafNstabilization generally décreases with -

- None ) C ]115 - - QGeatly
I ncreased Fogfipreasing EO contept, so that even the most foam stabilizing typesthigyht | v

I ncreased Fo - - oo Conpl etely
Suppr essed Fgg]%(propylene glycol)%lgsed treﬁﬁ%%B C, becomes foam dest_abnllzu%rrpl etely

Suppr essed Faduen it contains around 10% EQ (treatments E and F). It also shows
that, for the same level of EO, crosslinking, as in B, with
10 oligo(acrylomaleate), and D, with formaldehyde, decreases the foam
stabilization, so that a higher, more demulsifying amount of EO can be
employed.

Another advantage of these demulsifier compounds over the prior
15 art antifoams is that they do not promote sludge or otherwise foul the unit.
As noted earlier, the most effective antifoams currently in use, typically
silicone-based, have been associated with increased unit fouling. To
determine fouling potential, an overnight precipitation test was done on
the most effective antifoaming demulsifiers and a standard, silicone-
20 based control using a lean MDEA solution from an actual process unit, as
follows:

Example 4

25 The chemical treatment was added to the amine solution at room
temperature until it visibly phased out of the amine solution, then let
stand overnight. The amount added, and the appearance of the solution
and of the surface of the solution were recorded. The solution was then

heated beyond the process temperature to see if the sludge would melt.
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Table 3 shows that all
et hoxylate with 40% EOQ, and to a nuch |
-formal dehyde al koxylate wit
i.e. would have a net antifoam ng effect,
It al so shows that foam stabilization generally decreases with
so that even the nost foam stabilizing type,

al kyl phenol
anti f oamant
units.

decreasi ng EO cont ent

ﬁontgﬁﬁg

pol y( propy
when it

S,

ased

the denul sifiers but C, a poly(propyl ene

sser extent D, an

50% EO, were safe to use as
i n al kanol am ne 5

reat ment . C, becones foam destabili zing
b‘P § Wer gt P'tdr'@éhﬁ’ér'ﬂe@t matuealstate): Thegesuitsase

gl ycol)

t he

that, for t O crosslinking, as in B, with 10
oli go(acryl I(}Elanlﬁgat% &”ﬁﬁs'ﬁ Evm th fornal dehyde, decreases the foam
stabilization, so that a higher, noreggadl sifying anount of EO can be
enpl oyed. Anot her advantage of these denul sifier conpounds
over the pri or 15 art antifoans is that they do not prormt e sl udge or
ot herw se ffo o
anti foanms ( tnU(k hiﬁl'm#ﬁéamm* \ﬂ?t&tjﬁlf@rface sﬁ‘ﬁf tha gjfjechggge@g@g
associ at ed lwifrAduete A ppm Adtiver fAnnaaﬁancqn Appeafaneg i ne Upta 835C.
potential, |[an d¥er nilght 1@5eci ptl t at €leart est| wasclgane on ndree nost
effective antifoam rjg denul si fli digsiichsiteen s|t diqdid sheem| | cone- 20 base
control usilng aBIl ear] MDAAS5sol ut i onclegpm an| act giglar,pr 0CESS UMidne as
fol | ows: Exarpl e 4 liquid sheen | liquid sheen
C >1000 does not does not none
phase out phase out
D 125 clear, clear, none
liquid sheen | liquid sheen
E 250 no surface clear, none
layer liquid sheen
F 125 white, white, none
waxy clumps | waxy clumps
G 200 clear, clear, none
liquid sheen | liquid sheen
H 400 no surface large, none
(control) layer floating flocs
5 .
Table 4 shows that, unlike the silicone antifoam control, none of
5 the demulsifiers except F, the poly(propylene glycol) ethoxylate with 10%
EO and MW of 3.2 kD, exhibited any fouling potential. Moreover, the
fouling potential of treatment F could be eliminated by increasing the EO
or decreasing the MW sufficiently. None of the crosslinked demulsifiers
formed sludge even when containing low EO or high MW. As expected,
10

the silicone-based control exhibited a pronounced fouling potential in the
form of large, floating flocs or entangled, insoluble filaments.



25 The chem cal treatnent was added to the ami ne solution at room
t enper at yr e. Ll it visibly phased out of the am ne sol utigehyudolgibek €1
st and ov&(ﬁ?%{‘#y The amount added, and the appearance of the solution
and -of the surface of the solution were recorded. The solution was then
heat ed beyond the process tenperature to see if the sludge would nelt.
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12 1 (Al raw materials were quuid’intheir neat, natural state). The
results are sumari zed in Tabl e 4. .
Table 4 Chem cal Treatnment Initial Surface Over ni ght Ef fect of
Heat i ng Product ppm Active Appearance Appear ance Up to 93
[err]C A 125 cl ear, cl ear, none
liqui d sheerEX3MBRIB A sheen B 125 cl ear,

cl ear, none liquid sheen |iquid sheen
C >1000 does not does not none

phase out phas¥hegfficacy of chenical treatmer?A was determirieshin, an MEA cl ear,
none | i qui d shee l'i quid sh

250 néni& whese dhe strippes hiad becgk'lnJ Iexpésriqmnlég n|1a uslive gm?r?en carryover

layer 5 11 §4& % F84ithg, which was not controlldd With the adc?iti&ﬁiéf%’ white,
none waxy clunps waxy clunps G

200 comwsttional siliconedntifoam. Treatment Awas fed at 17 ppm to the

liquid sheen_ |jiquid sheen, . 40 no surface

I a(r:]ge, "qUiqufQHQne d?stl"@&%k'?m Felng fed tg;Eg?VIEA countercurrent o ¢ j ng f1 ocs

scrubber. Within minutes of feeding treatment A, samples of amine

feeding the downstream stripper turned from their previous, opaque,
10 cloudy appearance to clear, and foaming in the stripper ceased. In

addition, the LPD leaving the scrubber turned from cloudy to clear,

eliminating downstream separation/ product contamination problems.

A few weeks later a slop oil was fed to the scrubber. In the past,
15 slop oil had been unprocessable due to uncontrollable foaming in the
stripper. Treatment A continued to be fed at 17 ppm to the LPG and a
jarge amount of the slop oil was processed. As the amount of slop oil
being processed continued to be increased, however, the stripper began
to foam again, eventually spilling amine into the overhead. An extra 50
20 ppm of compound E was fed to the amine solution and even this foaming
ceased.

Three months later there was still no sign of the heat transfer loss
or differential pressure increase characteristic of the fouling or sludging
25 induced by the prior art antifoam.

This trial shows that these non-fouling, non-foaming demulsifiers
provided improved foam control in an alkanolamine unit without

deleterious long-term consequences.



3 Table 4 shows that, unlike the silicone antifoam ¢ontrol, none
of 5 the denulsifiers except F, the poly(propylene glycol) ethoxylate with
10% PO WHFITW of 3.2 kD, exhibited any fouling potenti8FTURBYH8Yer, the
fouling potential of treatnment F could be elimnated by increasing the EO
or decreasing the MWsufficiently. None of the crosslinked denulsifiers
formed sludge even when containing |ow EO or high MN As expected, 10 the
sili cone-based control exhibited a pronfunced fouling potential in the

formof large, floating flocs or entangled, insoluble filanents. WO
99/ 13957 PCTJUS98/ 14961
13 Exanple 5 The efficacy of chem cal treatnment A was
determ ned in an MEA unit where the stripper had been experiencing

massi ve am ne car Wﬁuiteath%predeat imrehtiam‘hlag besm désaribednwith cespecatitbed wi t h
the addition o conventi gnal Fi jcone antifopam Treat t A was fed
at 17 ppm toP?'Fﬁ'éU‘af embodiments glﬁ{ﬁ@ 4t isanpagent Q"E MEEPWR, O foEgmhe MEA
countercurr e Cf)dlﬁ&étﬁﬂ%ﬁéf thlé"'sﬁ%ﬁh | WHEESS oBlious & tREsd Eﬁﬂéa‘?ﬁﬁhé’ _sanpl es

of am ne strean1 ripper turned fromtherr previous,
opaque, 10 aﬁtot]'d;e appmde@clalmsanuahrs ineactidrogenemlliyrshduid ber i pper ceased.
In additio e LPD I g the scrubber tur d fronlcl to clear,
el i mi nat i'ng mél&%«ﬂweﬁ; HIF POYPUR RIS Se RIS

A few weeks & t r fon.! N the past, 15 slop
oi | had beenwﬁﬁg{r S%e‘z‘ég% gbdt?ﬁafs "ﬁtg%fc}ﬂte?gﬁ%gllg am ng in the

stripper. Treatnent A continued to be fed at 17 ppmto the LPG and a

| arge anobunt of the slop®oil was processed. As the anmount of slop oi

bei ng processed continued to be increased, however, the stripper began
to foamagain, eventually spilling amne into the overhead. An extra 50



20 ppm of compound E was fed to the am ne solution and even this foam ng
ceased. WO 99/13957 Three nonths later there was still npcsiugos/odosi he
heat transfer |oss or differential pressure increase characteristic of
the*fouling or sludging 25 induced by the prior art antifoam

This trial shows that these non-fouling, non-foam ng denulsifiers

provi ded i nproved foam control in an alisanol am ne unjt w t hout

del eteri ous | ong-term consequences. WO 99113957
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Whil e the present invention has been described wth respect to

particul ar enbodi nents thereof, it is apparent that numerous other forns

and nodi fi cahij : .di.nvention will be obvious to those skilled in the
art. The apg;e\,ﬁ‘%gd% gl%gﬁgrrg Iéaind this invention generally should be 5
construed to cover all such obvious forns and nodifications which are

within the true scope and spirit of the present invention. WO 99/ 13957
PCTI US98114961 1. A method of reducing entrained hydrocarbon indyced

foaming in a stripper section of an amine separation process comprising
adding an effective amount for the purpose of inhibiting foam formation of
a non-foaming demulsifier to one or more of the streams entering and/or
5 an alkaline amine stream exiting a liquid/liquid absorber in said amine
" separation procéss whereby hydrocarbon entrainment in said alkaline
amine stream exiting said liquid/liquid absorber is reduced.

2. The method of claim 1 wherein said non-foaming
demulsifier is an alkoxylate of alkyphenols, alkyamines, alkylols, polyols
or mixtures thereof.

3. The method of claim 2 wherein said alkoxylate has been
cross-linked with aldehydes, di- or multifunctional acids, epoxides,
isocyanates or mixtures thereof.

4, The method of claim 1 wherein said non-foaming
demulsifier is a diepoxide cross-linked alkoxylated diol.

5. The method of claim 1 wherein said non-foaming
demulsifier is a diepoxide cross-linked alkoxylated adduct of
poly(propylene glycol) and diglycidyl ether of 2,2 bis-p-phenol propane.

6. The method of claim 5 wherein the ratio of poly(propylene
glycol) to diglycidy! ether of 2,2 bis-p-phenol propane ranges from about
1:3 to about 3:1.

N
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wher eB1I 1A00CEVRIOIC106129/400n29720 | pAdgi d al kal i mne streamexitin
sdid I'jquid/liquid absorber is refucdd® ”“‘e’““““”’“""“""z"a‘e TheErideP 96%503&
cliaim 1 wherein said non-foamn R§ denul sifier |s an_al koxyl ate of
al|Kyiblnsrmgtiona! ApplicptigniNyeber: o kA

QS/Iﬁgﬁl éﬂlgDeSIgnateda ?I;grh% ean patent (AT,
BE, H R, IE, IT, LU,

3.| ) HiFuaERAhy Bl 21 M 31 15410 5o al ko 3

crijoss-11 nked wth al dehydes, "di - or Itlfunctlonal aC| ds, epoxi des,

isé?o ?nat%s or m xtures thereof. | gy The method of claim 1

Wh ?P'g non f ggg\,q Si *§‘K igde.cross-1inked

allkoxyl a 1(?8 qgggp@gbe, 1997 (19 ”%r ﬂ(ﬁ é’?anﬁhlgpg erein said

ndn- f oam ng derrul sifier is a diepoxide cross-1i nked al koxyl at ed adduct

of| (71) Appligant: \B B@Re! b’Fl} 4ahspmditglfyci dyl ether of 2,2 bis-p-phenol

propaneR°ad POFE%%(% T’°"°b§’ PO EPhod [of claim 5 wherein the ratio of

PAl %) RVQRY: RO, Paul, R.; FHYGR Sredi, andivglapisa,dy! et her of 2,2 bis-p-phenol propane

ranges Tx omsoaisut 1:3 to about 3:1.

(74) Agents: BOYD, Steven, D. et al; BetzDearborn Inc., 4636
Somerton Road, Trevose, PA 19033-6783 (US).

(54) Title: METHODS OF INHIBITING FOAM FORMATION IN ALKANOLAMINE SYSTEMS
(57) Abstract

A method for inhibiting foam formation in a stripper of an amine unit is disclosed. The addition of non-foaming demulsifiers to
the liquid, compressed hydrocarbon stream entermg or the aqueous organic amine stream entermg or exiting an absorber of an amine unit
effectively inhibits foam formation in the amine unit stripper. Foam formation in the stripper is inhibited by controlling the entrainment of
hydrocarbon in the alkaline amine stream entering the stripper through demulsification treatment in the absorber.




