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by washing in a caustic scrubber.
The caustic scrubber partially removes the oxygenated hydrocarbons. At the same time,
however, the basic conditions in the scrubber tend to cause base-induced condensation reactions

25  of the carbonyl compounds, including in particular aldehydes (e.g., acetaldehyde) and/or ketones,
which in turn result in the formation of polymers. The polymers deposit and form on the internal
surfaces of the scrubber. As the mass of polymer grows, it leads to fouling and can eventually
obstruct the flow of liquids through the system. This is undesirable, as the down-time required to
remove the deposited polymer and clean the equipment can be significant.

30 In the past, polymerization of oxygenated compounds, such as carbonyl-containing
organics in basic solutions, has been stopped by adding amine compounds such as hydroxylamine
hydrochloride, hydroxylamine sulfate, hydrazine, carbohydrazides and the like. Several patents
relate to methods of inhibiting carbonyl fouling. But no patent has been reported regarding the
dissolution of the polymers once formed.

35 U.S. Pat. No. 4,673,489 discloses using hydroxylamine and its salts of hydrochloric acid

and sulfuric acid to inhibit polymer formation caused by condensation reactions of aldehydes
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U.S. Pat. No. 5,194,143, granted to Roling describes and claims a method for inhibiting

—

the formation of polymeric based fouling deposits during the basic washings of olefins containing
hydrocarbon contaminated with oxygenated compounds comprising adding to the wash about 1 to
25 10000 parts pre million acetoacetate ester compound having the formula CH3COCH,CH, where
x is an integer from about 1 to about 8 and y is an integer from about 3 to about 17. U.S. Pat. No.
5,220,104 discloses the use of percarbonate salts for the same purpose.
In U.S Patent No. 5,770,041 Lewis et al. describe the use of certain aldehydic compounds
without alpha hydrogen atom or non-enolizable aldehydes such as formaldehyde or glyoxal as
30 aldol inhibitors. Relatively large amounts of the inhibitors disclosed in the *041 patent must be
used per mole of carbonyl species.
U.S. Pat. No. 5,710,455 discloses the use of certain organic amine inhibitor like sulfanilic
acid for inhibiting the aldol condensation but this patent does not disclose the use of said inhibitor

for dissolving the polymer once made which is extremely severe fouling conditions.
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system. Hence, it is desired to provide a method for preventing fouling that does not create

25  problems in equipment downstream of the scrubber and that does not pose significant
environmental problems.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of the prior art and provides a method

and composition for both preventing fouling and removing polymeric deposits. In a preferred

30 embodiment, the present invention includes a method for inhibiting oxygenated hydrocarbon

fouling that does not interfere with overall plant operations or the operation of individual process

units. The present method provides the additional advantage of reducing the concentration of

oxygenated hydrocarbons and particularly carbonyl compounds in equipment and in product

streams. An alternative embodiment of the present invention includes certain aliphatic amino

35  acids, such as 6 amino caproic acid, sultam acid, and/or lactams such as epsilon caprolactam,
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the molecular weight polymer and the reacted adduct is soluble in the caustic solution. Thus, the
amino acids both solubilize the polymers formed and prevent precipitation and fouling of the
equipment. The present additives have the dual advantage of working as polymerization inhibitor
25 by reacting with acetaldehydes as well as solublizing any existing polymers by reacting with

them.

According to a preferred embodiment, 6 amino hexanoic acid or any suitable aliphatic
acid or its isomers or any such derivatives having an amino and/or carboxyl and sulfonic acid as
described in the structures, when used in accordance with the present invention, will resolve

30  fouling problem associated with acetaldehyde/ketones in alkaline wash towers in petrochemical
plants.

Amino acids that are particularly suited for use in the accordance with the present
invention include but are not limited to: 6 amino acid such as the amino hexanoic acid made from

epsilon caprolactum, glycine, or taurine, or any compound having one of the structures shown

35  Dbelow. Also suitable are the derivatives, isomers, and inorganic or organic salts of these
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The preferred amount of additive ranges from 0.5 to 1,000,000 parts of inhibitor per one

million part of the aqueous scrubbing medium used in the caustic wash system. In field
conditions, treatments of 25 to 200 ppm have been successfully used.

25 The following Examples are merely illustrative of some embodiments of the present
invention and the manner in which it is can be performed and are not intended to limit the scope
of the claimed invention in any way:

Example 1
20 ml 10-11% strength caustic solution is placed in a 50 ml stoppered conical flask and to

30 itis added 1 ml of vinyl acetate. The mixture is shaken thoroughly. The vinyl acetate hydrolyses
to acetaldehyde and undergoes polymerization rapidly to form a deep yellow turbid solution.
Polymerization may be enhanced by heating. After 10 minutes of polymerization under basic
conditions 1.0 g amino caproic acid is added and the mixture is held at 55°C for 2 hours. At the
end of 2 hours the solution is a clear, transparent wine-red liquid, thus a method is described

35  which can then be used for further prevention of fouling in basic solution.
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than 60 weight percent of the amino acid, with 18 wt. %preferred.
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Exanpl THE APL Y I'c solution-is
st Oj)peﬁ(ﬂﬁiu(ﬁpmm}mérizaﬁdh amdinther @friddt outs ata do%Y for 2 hmirs vi After dcbews eof The

m xture i s shaken hl The, vin acet at.e dehyde
and ungeygeee “BBI“%EFE?’? 8‘?@#9“3’& ‘éﬂr% ‘%a W%}yﬁge‘ﬁa@fl ﬁ%@voﬂtﬁlgt? gﬁé% ut i gn
Pol ymeg 7 afei tiitoRBaufil BiIaRGedhiy, Fefaivi satitioA§ TR thisOwere nidties2.8fg of amino

pol yneri zation under basic conditions 1.0 m ng caproic acid is added

and’ t heapwig tagideany] ghenerefurgrwasshept a 55Ch oMier g‘h oy the 0BVas A\TGRIRAEHe
sol ution, (]é 1%§§1qvjndi ﬁ{c}hcaﬁﬁf pﬁl%?giyrﬂ@r Mt hed blenPibdnt WhUSsRIVER! NOE résdlting

descri bé can used for further prevention of fouling in
basoc skhitoiwion iGusbl wm%BQRVFI@DhIOBﬁMIOgBQ&BSICERQ‘ﬁW e2 20 m. 10-11%
strengtﬁ h c&uzti c solution is placed in a stoppered 50 ml conical flask and
to it 1 mM of vinyl acetate. The m xture is shaken thoroughly. The
vi nyl acet atpe clefy doot-yeka&l reundChdtihd dlayld eqaippedu millbr gdb@npmegeneﬁirmt 4ndn

rapidly to forma d yel | ow turhid | uf L on h
carri edo¥lspseALs @g@eg(}}g faPFBf?F Pﬁééﬁ tei. S8?lum or)r%dre”lz(? I ??)n J ldrt o
basi ¢ Q’@@ {aRRS The neiffulie fse\delgugiwedpﬁldmfedwasoﬁwﬂd12(1°Ciaﬁ‘or Iagpennd bflelxt op

and the tom caustic | ayer, was yel | ow sol uti on. dded
2.85g dpumnSmell seaplesiace %?@Pél%lbﬂwtt%a‘ﬁ’i‘ %%%?@C’%@&sf"k%"&tvefé‘f’né‘é‘&g HX?@@& T

hours 1 §S%lﬂ$ﬂ(fggb% RldchANRRY Shiho h@ﬂaﬂ@lcra@l@ it freiteckhad Mdicat i ng t hat t he

pol yrrer een resent was di ssolved. The resulting 10 clear
sol uti @x x_ngleuﬁeful for further prevention of fouling in basic solution.

e oo € o RHACRES K Bl AL UL bAP il R cfiror and

r
t her nonet er, irre condenser is c rolactum (18 g,
0. 1593 cmieaa;er i Clghirgodh Wigld capeoldetuifr7 (3}3 g,00.318% rg()le)aﬁog of756 86 lgydmhénm apibin

m Xt ur %llgswayc\gl J1"h |1)£t3'1;[eel(sj ::1glta(%ec¥I waltl and Eleatél'cp %Cl()tSQC jtgqgi)JCOfor %1)(p§Ju'r§? dAosfme&l' X
sample is withdrawn and checked for conversion using HPLC. The conversion of epsilon

caprolactum to six amino hexanoic acid is greater than 75%.

Example 5
20 ml of 10% NaOH solution is added to a 50 ml stoppered conical flask. To this

25  inhibitor solution or in solid form is added followed by addition of 1 ml vinyl acetate. Each
mixture is shaken well and kept in an oven at 55°C for 2 hrs. One control sample is prepared, in
which all components except the inhibitor are added. After two hours the contents of the flasks
are visually checked for clarity or any deposits. In few cases UV at 800 nm is recorded for

comparison.

30 Example 6
20 ml of 10 % NaOH solution is pipetted into a 50 ml stoppered conical flask. To this is

added 1 ml of vinyl acetate solution. The mixture is shaken well and kept in oven for 15 minutes.
During this period, the vinyl acetate is hydrolyzed and polymerizes to form insoluble products.
After 15 minutes the desired amount of inhibitor is added. One control sample is prepared

35  without inhibitor. The flask is shaken well and kept in an oven for 2 hours. After 2 hours the

6



15 hours. Small sanples are periodically wthdrawn and checked for
conversion using HPLC. The conversion of epsilon caprolactumto six am no
hexanoi ¢ woiod/o9B9great er than 75% Exanple 4 A clean four PegaRed152UNd
bottom fl ask equi pped with a thernonmeter, stirrer and condenser is charged
W th caprol_actumé(Sﬁg 0.3186 mole), 3 g of 36 % hydro oric acid in 20
61g watlesk isTRaeckedvispally foragjprtyand 0 Aenosds- HBA1OBF £35°9 35C HBSIHER Br si x
hours. Q. SIE for SGHPRol. STHMAHAY AV ARbnalaeRked for conversion using HPLC.
The conversion of epsilon caprolactumto six am no hexanoic acid is

gr eat eExaple 775% Exanple 5 20 M of 10% NaOH solution is added to a 50 n
st oppered caqical . i inhi by %ﬂéﬂ' I oY Iy i ormis
added foll o&e@a%gofe%dégﬁ ?%aﬁ%é%gﬁwgegi %%thgié%%t@. Eac ' I{r)nﬁril% gjrzfl iﬁlibfseqséeﬁaken
wel b anellkept in an oven' at 55C for 2 hrs. One control sanple is prepared,

in which all conponents except the inhibit re.a ALt er urs

t he cont ent s BPTS lleeé‘?R’% ca‘hB% af?i) g’ﬁaﬁs? a%ﬁg’ieﬁgdv 1]1_;h0r9d§$x 1 ia'grl§1%osrUH%§%yJ}l(a
deposi tsgifankiit 4RAVvaERSEIStheNoR ofSREAVIRNTIr bofte dhitdgsh fal dissodutjpar ofSmitym@8) &xanpl e
6 20 mM_ of 10 % NaOH solution_ is pipetted jnto a 50 mM stoppered coni cal
f1ask. dyesribed kelow in Bxpagdie § ang shgpvn ﬁ%‘niégfteéte solution. The mixture is
shaken%lﬂb%‘]ﬁ;nd kept in oven for 15 mnutes. During this period, the vinyl
acetate s hydrol yzed and pol ynerizes to form.insoluble products. After 15
ni ot es t he 28asl pletN%amtaeit santiomare sidesk toj & SQad estprrerse cenipal sk sknfielsi s
prepare

For o At bl o Do 5o ol AOFEEN By ap B ¥ pl Byt Over

checkedcatits UEHd mgixbume ischalrentwellaand keptyin de posi fos 2 htset$67® Oas blenliy prepared

transm ttance. is asured for, .conpari,son he resul t.s _are s i n.Tabl e
2 ExartiieB Sh@eplopeatn b Ui eSO A 6 et Sl TR PreTORis P uf

pol yerfiaglakde subllyEhetiasl fondimgoeany depbsits1inhkw chive UV esentittancy er@lioam san be
al so be used as a blend with rgdro I anmi.tﬁ%%i‘fu fate and sulfanilic acid
wi t¥outmeapEeq &g somparisen \reggsupidare shtvp %el¥-and di ssol ution of

pol yrrerfgmm?ﬁg descri bed below in Exanple 8 and shown below in Table 4.

Exanpl € O mM of 10% NaOH sol ution are added to a 50 ml st oppered
coni cal f| agkplafgvashagingssevere fouling in the benzene stripper. The unit fouled within 24 hrs

after the introduction of live steam in the column. The unit was being treated by conventional red
oil inhibiting compound described in the prior art. A compound in accordance with the present
20  invention was injected at low dosage in the benzene stripper and the unit ran for more than 25
days without any signs of fouling even after injection of live steam in the column. This
illustrates the effectiveness of the present compounds in running difficult to treat units. Thus a
method is described which shows the superiority of solubilizing over prior art inhibition and
dispersing techniques.
25  Example 10
A clean four necked round bottom flask equipped with a thermometer, stirrer and
condenser is charged with caprolactum (36g, 0.3185 mole), sodium hydroxide (14.4 g, 0.36 g)
and 49.60 g water. The mixture is well agitated and heated to 105°C to 120°C for a period of
six hours. Small samples are periodically withdrawn and checked for conversion using HPLC.
30  The conversion of epsilon caprolactum to six amino hexanoic acid is greater than 75%.
Example 11
20 ml of 10% NaOH solution is added to a 50 ml stoppered conical flask. To this
caprolactum (mw 113, m.p 70-72°C) is added followed by addition of 1 ml vinyl acetate. Each
mixture is shaken well and kept in an oven at 55°C for 24 hrs. One control sample is prepared, in

35  which all components except the inhibitor are added. After two hours the contents of the flasks

7



added the desired inhibitor in solution or in solid form followed by the
addition of 1 m vinyl acetate. The m xture is shaken well and kept in an
oven for WOhB®9zw7 55C. One bl ank is prepared wherein all Pceageniis24except
the inhibitor are added. At the end of two hours, the contents of the
flask are VIS al J d for clarity o ny de In few cases_WV
transmi ?rfa‘?is(':‘é h%bﬁfpﬁ% ity P& aﬁi‘é%ﬁ?%t& #’o&“%ﬁ?ﬁgﬁ?)s%gool'ﬂg is derded Bre
shown i gpnfalkén. 4 bel ow. Exanple 9 A plant was having severe fouling in the
benzene stripper. The unit fouled within 24 hrs after the introduction of
live steamin the colum. The unit was being treated by conventional red
oil inhibiting conpound described in the prior art. A conpound in
accordance with the present 20 invention was injected at | ow dosage in the
benzene stripper and the unit ran for nore than 25 days w thout any signs
of fouling even after injection of live steamin the colum. This
illustrates the effectiveness of the present conpounds in running difficult
to treat units. Thus a nethod is described which shows the superiority of
solubilizing over prior art inhibition and dispersing techniques. 25
Exanpl e 10 A clean four necked round bottom flask equi pped with a
thernoneter, stirrer and condenser is charged with caprolactum (36g,

0. 3185 nol e), sodium hydroxide (14.4 g, 0.36 g0 and 49.60 g water. The
mxture is well agitated and heated to 105C to 120C for a period of six
hours. Smal| sanples are periodically w thdrawm and checked for conversion
using HPLC. 30 The conversion of epsilon caprolactumto six am no hexanoic
acid is greater than 75% Exanple 11 20 ml of 10% NaOH solution is added to
a 50 m stoppered conical flask. To this caprolactum (nw 113, mp 70-720C)
is added foll owed by addition of 1 ml vinyl acetate. Each mxture is
shaken wel|l and kept in an oven at 55C for 24 hrs. One control sanple is
prepared, in 35 which all conponents except the inhibitor are added. After
two hours the contents of the flasks 7 WD 03/093397 PCT/I1B03/ 01624 are
visually checked for clarity or any deposits. In few cases UV at 800 nmis
recorded for conparison. 8 WO 03/093397 PCT/1B03/01624 Various results
are shown in Tables 1-5. Table 1



% Tr ans-
2 hrs

after

Sanmp

| e I nhibitor
1 (ctrl)

mttance

No. Amount Observation after
NI L Dark red opaque liquid 0.5% 2 Exanple 3 0.5 ni

2 hrs

Dar k reddwsto3loeasen sol ution 8.5% 3 Exanple 3 0.75 m Dar k PCITaBo3/016z

solution 80.0 %
acid 0.25 g Browni sh hazy solution 0.3%

brown slightly hazy solution 78.1%

4 Exanple 3 1 m Dark clear red solution 85%5 Sulfanilic
6 Sulfanilic acid 0.5 g Reddi sh
7 Sulfanilic acid 1.0 g Reddi sh cl ear

"o I CoRRA QDR 0 0r oun e Lp part el 12 3 9
hazy liquid 12.5% 11 dycine 0.432Tgblkdddi sh brown clear liquid 95% 12
A yci ne—0-872rgReddish—brow—ctear—Hattad—96%—13-—Beta—atantneH-258¢
Reddi sh brown| hazy liquid with 7.6% particles 14 Beta al ani ne O%gi S'g Dar k
e ep e pe i e R iy
Reg:l(r:lr})s hNSr own hazy |iquid 2. 194MQts hPese “8% P‘%‘ﬁ” %]}H Swat er y18 18“&?’99 ?"ﬁxy I
T R A 5 A 7 M I
wat er |20 ExapPkamfll®30.25 nl |O.esd r eDaﬂkquddlsh b?&\% sddtidaxanpl e 1®B.82%65 ni
O ear g e VO O Y T i oo rod sofution 500%
xample
4 Example 3 1 ml Dark clear red solution 85%
5 Sulfanilic acid 025¢g Brownish hazy solution 0.3%
6 Sulfanilic acid 05¢g Reddish brown slightly hazy solution | 78.1%
7 Sulfanilic acid 1.0g Reddish clear solution 88%
8 Taurine 0.363 g | Reddish brown liquid with particles 13.3%
9 Taurine 08¢ Brown clear liquid 93.8%
10 Glycine 0.218 g | Reddish brown hazy liquid 12.5%
11 Glycine 0.432 g | Reddish brown clear liquid 95%
12 Glycine 0.872 g | Reddish brown clear liquid 96%
13 Beta alanine 0.258 g | Reddish brown hazy liquid with 7.6%
particles
14 Beta alanine 0.517 g | Dark red clear liquid 80.4%
15 Example 4 0.5 ml Reddish brown liquid 80%
16 Example 4 1.0 ml Dark red clear solution 82%
17 18%Hydroxyl amine | 1.0 ml Reddish brown hazy liquid 2.1%
sulfate solution in
water
18 18%Hydroxyl amine | 3.0 ml Yellow hazy liquid 4.7%
sulfate solution in
water
19 18%Hydroxyl amine | 4.0ml | Yellow clear liquid 90 %
sulfate solution in
water
20 Example 10 0.25ml | Clear red liquid 78%
21 Example 10 0.5 ml Clear red liquid 85%




Table 2 % Trans- Sanple mttance No. Conpound Anpbunt Observation after 2

hrs after 2 hrs 1 (ctrl) -- N L Dark red opaque liquid 0.5% 2 Exanple 3 1
m Dark rwo oslogze7 sol ution 80.5% 3 Exanple 3 2 nl Dark clpearnBexadésiol uti on
83.0 % Brownish hazy solution with 4 Sulfanilic acid 1.0 g 0.5% particles
Reddi sh brown hazy solution with 5 Sulfanilic acid 4.0 g 0.5% particles 6
Sulfanilic acid 6.0 g Brown hazy solution with particles 0.5% Reddi sh brown
hazy liquid with 7 Taurine 1.5 g 6. 6, particles Reddish Brown hazy |iquid
with 8 Taurine 2.91 g 8.9% particles 9 G ycine 0.872g Reddish brown hazy

liquid{6.6% 10 Aycine 2.618 g|Reddi shf brown hazy liquid 8.9 % %ddaissh
br own r§z 1i quid with | 1 Betajalanine 0.517 g 5.7% particles - gdis
brown ?%’p S quid with 12 Beta ﬂll anine 1.034 g 26.3% particles Bet
al ani neNd. 32 gCoegidinh cl ear Wi tIAhbing it ObwrRtioB 32 Phrd 4 Exanpl |eafdr 2 hiy
Dark Re. ar liquid 800% 15 E amﬁj_um_m . 0%
18% Hydridsyl) amine 16 1.0m ReddiNk br oppetkasdonageglirids. 3% 0.5%
2 Example 3 1 ml Dark red clear solution 80.5%
3 Example 3 2ml Dark clear red solution 83.0 %
Brownish hazy solution with
4 Sulfanilic acid 10g ) 0.5%
particles
Reddish brown hazy solution with
5 Sulfanilic acid 40¢g ) 0.5%
particles
6 Sulfanilic acid ’ 60 g Brown hazy solution with particles | 0.5%
Reddish brown hazy liquid with
7 Taurine 15g _ 6.6%
particles
Reddish Brown hazy liquid with
8 Taurine 291¢g _ 8.9%
particles
9 Glycine 0.872g | Reddish brown hazy liquid 6.6%
10 Glycine 2.618 g | Reddish brown hazy liquid 8.9%
Reddish brown hazy liquid with
11 Beta alanine 0.517 g ) 5.7%
particles
Reddish brown hazy liquid with
12 Beta alanine 1.034 g ‘ 26.3%
particles
13 Beta alanine 232g Reddish clear with slight haze. 63.2%
14 Example 4 1.0 ml Dark Red clear liquid 80%
15 Example 4 2.0 ml Dark red clear solution 80%
18% Hydroxyl amine ) o
16 1.0ml Reddish brown hazy liquid 26.3%
sulfate solution in water
18% Hydroxyl amine Yellow hazy liquid with settling at
17 PR 4.0 ml 1 40.1%
sulfate solution in water the bottom
18 Example 10 0.5ml Clear red liquid 81%
19 Example 10 1.0ml Clear red liquid 82%
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sul fate solution in water 18% Hydroxyl am ne Yellow hazy liquid with
settling at 17 4.0 m 40.1% sulfate solution in water the bottom 18

Exanpl e 1WOM3Hm39C| ear red liquid 81% 19 Exanple 10 1. OmpCcCiiBexosed |iquid
82% 10 WO 03/093397 PCT/1B03/01624 Table 3 % Trans- Sanple Ml e mttance
No. Compound Amount ratio Oobservation after 24 hrs after 24 hrs 1 -- N

Ni | C0an etely hazy brown 0.5 |iqui drab®RA no caproic 2 1.4196 g 1 | mol e
Reddi shh—brownyctear II(.]UI i T Crd—AmTp caprort 1705370 WT&npeu i sh
brown ¢l ear liquid 78. nol ¢ Amino cpproic 1:0.25 Reddi sh brown cllear
|'i qui d |#atpB549 g 55. 2 acid nol e |Wolk slight particles 5 Sul famﬂltam:eam d
th

80

cid

d
4.0 g 1..2 nol e Brown haz prtlcles % Suf |I|c ac . 1
1 nole %Zy brg‘\fﬂl \nlﬂu d & 4% Partic ggse?'a i #4e % E&%{?ﬁﬁgglo
Dark reddi sh [rqurd 82% ([3.94 g) nol e* 8 &Hﬁ%@lﬂl@az}b?d% App : 0.5 Dark
reddi sh Icl ear |solution 78./WN#% (1./969 g) nple* Exanple 10 0. 85mb.5appl : 0.[25

liquid
Amino caproic )
2 y 1.4196 g | 1: Imole | Reddish brown clear liquid | 80.1
aci
Amino caproic 1: 0.5
3 ) 0.709 g Reddish brown clear liquid | 78.7
acid mole
Amino caproic 1:0.25 Reddish brown clear liquid
4 03549 g 55.2
acid mole with slight particles
5 Sulfanilic acid 40¢g 1: 2 mole | Brown hazy with particles 0.8%
Hazy brown liquid with
6 Sulfanilic acid 20g 1: 1 mole ) 0.4%
particles

3.4ml** | appl:1 ) )
7 Example 10 Dark reddish liquid 82%
(394 ¢g) | mole*

1.7ml Appl: 0.5
8 Example 10 Dark reddish clear solution | 78.7 %
(1.969 g) | mole*

Example 10 0.85ml appl1:0.25 )
9 Dark reddish clear solution | 45.3 %
(0.985 g) | mole*

* approximately

**specific gravity of example is 1.1592
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9 Dark reddish clear solution 45.3 % (0.985 g) nole* * approximtely
**gspecific gravity of exanple is 1.1592 11 WO 03/093397 PCT/ 1 B03/ 01624
Tabl e 4 Peowmemn®339Banpl e Cbservation transmttance No. Pr@dmaBouerst ity
after 2hrs after 2 hrs Exanple 4 + hydroxylam ne sulfate 1 2m + 2m C ear
red solution 82% solution 369 2 Exanple 3 +sulfanilic acid 2m + 2 gns
Clear red solution 80% 2m+ 0.5 3 Exanple 3 + caprolactam C ear red
solution 82 % gns 4 Caprolactam+ sulfanilic acid | gns+2gnms Cl ear red
solution 80% Caprol actam + hydroxyl amne 5 1 gmt2 gns Clear red solution
81% sulfate 5 Table 5 Ratio of nol ekad¢4WwW Exanple Grans of. Vinyl Acetate

Qbser vgtTon ter Transm ttance No. Ccaprofactunyto caprofactu rl)grl(}e;{ér S
after 24 hrs {Cear dark reddish 1 0.6122 1: 0.5]71.5% brown |iquid Dark
reddi sh $angpin | 2 0. 3061 1: 0.25 0.8% hazy |iquid| Obsévatieddi sh ¢iresmitinge 224
. 0
1176 'IfIlo( Product Quantity after 2hrs after 2 hrs
Example 4 + hydroxylamine sulfate )
1 2ml+ 2ml Clear red solution | 82%
solution 36%l
2 Example 3 +sulfanilic acid 2ml+ 2 gms | Clear red solution | 80%
2ml+ 0.5
3 Example 3 + caprolactam Clear red solution | 82 %
gms
4 Caprolactam + sulfanilic acid lgms+2gms | Clear red solution | 80%
Caprolactam + hydroxyl amine )
5 1 gm+2 gms | Clear red solution | 81%
sulfate
5 Table 5
Ratio of moles of uv
Example Grams of Vinyl Acetate Observation after Transmittance
No. caprolactum to caprolactum 24 hrs after 24 hrs
Clear dark reddish
1 0.6122 1: 0.5 71.5%
brown liquid
Dark reddish brown
2 0.3061 1: 0.25 0.8%
hazy liquid
Dark reddish clear
3 1.224 1:1 S 76. 4%
liquid
Dark reddish clear
2 2.449 1:2 73%
liquid
Example 12

20 ml of 10 % NaOH solution is pipetted into a 50 ml stoppered conical flask. To this is

added 1 ml of vinyl acetate solution. The mixture is shaken well and kept in oven for 15 minutes

10  at 50-55°C. During this period, the vinyl acetate is hydrolyzed and polymerizes to form insoluble

products. After 15 minutes a desired amount of epsilon caprolactum (mw 113 m.p 70-72°C)

inhibitor is added. One control sample is prepared without inhibitor. The flask is shaken well and

kept in an oven for 24 hours. After 24 hours the flask is checked visually for clarity and any

12



liquid Dark reddish clear 2 2.449 1:2 73% liquid Exanple 12 20 m of 10
% NaOH solution is pipetted into a 50 mM stoppered conical flask. To this
is addeow® 0ai0933p7 vi nyl acetate solution. The m xture is ®hakWsBes/owid and
kept in oven for 15 minutes 10 at 50-55C. During this period, the vinyl
acetate is hydrolyzed and polynerizes to forminsoluble products. After
ni nut esdegositesinrsemeatra{V ornepigpnce s wapesidder companion. e gegylty presheoyn in
i nhi bi tpr is added. One control sanple is prepared without inhibitor. The
flask is shaken well and kept in an oven for 24 hours. After 24 hours the
flask is checked visually for claritlabded any 12 WO 03/093397
PCT/ | BO3+01624—deposttsTHh=sore EaSE —V—-transtittance—its neasured
conpari son. Thg results arg\a%%@mo?%" Table 6. Table 6 Rat/i o of” nol es
Exarrp: e| Gxaapleqf Gftaﬁ’lwofACEt gyl @ostateval i on GukstesatiolraiRs m t t aMassmitimce
caprolactumto |caprol actum 24 hrs aftef 24 hrs rk reddiish br lijquid 1
es 2 1.%42%1: 1 Dank #@H% cl ear
Br own

0.6122 1: 0N 64. FMOIGHR |s| POFRPORSI ¢
TSRk 1ddaRH blviGuidet @_al ani ne
om 13 20

liquid y6% 3 2. 449 1. Z |Dark reddish
liquid with setjtliogi24 1:(2. 4 12.0/9% 2.82 gmin the bot 5 BEaAvd p e
nt o itlsgight pastidpper ed coni cal f| ask.

m of 10 % NaOH solution|is pipetted i

To thispt et —ofrvinyh acetate Pt o e maxtrure 4%, straken
L34 ) at bé%(ur E‘%ﬁéb %%a!rfﬁtlﬁ{éldt hi s p’ye6?»/|D od, the

| bafk reddiftodleariligsidl ubl e 8186 oductt s.

15

or
of WV

S d.d
wel | and kezpt iln ovén for| 30 m™hutes
vinyl atetate ils hyduol yzed and:pol yne

After 3 esired ampunt—of repsilon—eaprolastump{mw113—mp
70-72C) | 10 j nhi|bB¢tBplap@e added. e cont r%‘l"@glﬂ’d‘ldé'%ﬂ‘sseﬁﬁ%ar ed izt hout
inhibitor. The fl asls Jos shaken el l and in the bottom '

5  Example 13
20 ml of 10 % NaOH solution is pipetted into a 50 ml stoppered conical flask. To this is

added 1 ml of vinyl acetate solution. The mixture is shaken well and kept in oven for 30 minutes
at 50-55°C. During this period, the vinyl acetate is hydrolyzed and polymerizes to form insoluble
products. After 30 minutes the desired amount of epsilon caprolactum (mw 113 m.p 70-72°C)

10  inhibitor is added. One control sample is prepared without inhibitor. The flask is shaken well and
kept in an oven for 24 hours. After 24 hours the flask is checked visually for clarity and any
deposits. In some cases UV transmittance is measured for comparison. The results are shown in
Table7.

Table 7
Ratio of moles of uv
Example Grams of Vinyl Acetate Observation after Transmittance
No. caprolactum to caprolactum 24 hrs after 24 hrs
Dark reddish clear
1 1.224 1: 1 78%
liquid
Dark reddish clear
2 2.449 1:2 o 81%
liquid

15

Example 14

20 ml of 10 % NaOH solution is pipetted into a 50 ml stoppered conical flask. To this is

added 1 ml of vinyl acetate solution. The mixture is shaken well and kept in oven for 1 hrs

minutes at 50-55°C. During this period, the vinyl acetate is hydrolyzed and polymerizes to form

13



kept in an oven for 24 hours. After 24 hours the flask is checked visually
for clarity and any deposits. In sone cases UV transmittance i s neasured
for conpawiD0M10933The results are shown in Table7. Tabl e 7PRatiBa/ab24mol es of
W Exanple Grans of Vinyl Acetate Observation after Transmttance No.

caprolactumto caprolactum 24 hrs after 24 hrs Dark reddish clear 1 1.224
1: 1 789solytlepioductpaffier hgi minuies Sgrdesired ampynt of epsidprogaptojaghing(mwd 1Ewapm| e
14 20 oo 94 . td.on . | ' ' : -Qpp Lcal
Flrask. 15710 Qb 30 O o P LRI 30 phpha By B Dl S e PhE TSR
shaken shekdn weltlakdelodpt imamvem foo24 hotmss Afteir Rdtheursathe Hask5iS Chedbed ivisgaltyhfos

period, .the vinyl,ace e is hyd zed.and palynerizes to

b3/ 0533 Bt PsPOT o o cBieu e SR ouTee B agf PR 7 RobParl R tne tillS
desiy edaragiwit in@fab@si | on caprolactum (nw 113 mp 70-72C) inhibitor is
added. One control sanple is prepare,gqb\ivi %hout inhibitor. The flask is
shaken well and kept in an oven for fours. After 24 hours the flask is
checked VisualTy[Tor clarift R.aferaBese@epPOoSItS. Tn sone cases
transm ttjance i s| neasured flor conparison.| The results 5 Jare shown in Table
8 Tabl e 8 Faniple pf Gramesef of| WVildaastate G amdbservatianatienc gt drasmipaes gt i on

after Transijltapc apr [plfg claprol a 24 hris 4 hrs
Dark reddi sh &l earc(?1 m?g%lﬁ 1: ?Jlﬁa%%otfo I quid Da(rz\iwrg]eddi sh c?fet%{?ﬂ s
01

Dark reddish clear
1 1.224 1: o 50%
liquid
Dark reddish clear
2 2.449 1:2 o 75%
liquid
Beta alanine Brown liquid with
3 1:2.4 o 3.0%
2.32gm settling in the bottom

The basic wash systems in which the present treatments are useful for inhibiting fouling

include amine acid gas scrubber and caustic wash systems. While the present invention has been

10  described herein in terms of preferred embodiments, one of ordinary skill in the art will recognize
that modifications to the embodiments can be made without departing from the scope of the

claimed invention.
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2 2.449 1:2 75% liquid Beta alanine Brown liquid with 3 1:2.4 3.0%
2.32gm settling in the bottom The basi c wash systens in which the present

t reat mentwoas®9azgef ul for inhibiting fouling include am RETABIIN1IGHIS
scrubber and caustic wash systens. While the present invention has been 10
described herein in terns of preferred enbodi nents, one of ordinary skill
inthe art will recogni ze that nodi GLAM¥ns to the enbodi nents can be nade
wi t hout wadgpattlidgh & om t he scope of the clained invention. 14 WO 03/093397
PCT/ 1 B03/ 01624 CLAIMS Wiat is clainmed is: 1. A nethod for inhibiting and
di ssol ving pdiyetbed éordelybiing §n@)dIS§Q1élnB mplé/nwap depasita op shepfnteanal suifaes of wash
system 0, S

componeat sy VERCR e, HENphy e R KRR, 1Bb LB Tohp8 ora

addi 1 i vised singani, somprising ahhngrtb tloef feachstwammn adéde cehiprésitg arcarh@unt ofarbarhino

pol ymer | d e . The thod according to claim1l
wher ei n ct‘%%tlfecﬁhv fo & l?’ﬁ Ofé'mf P@H&Eﬂsﬁ)oﬁet%gosd oup consisting of 6 anino
hexanoi 2. aci The gleytoidn@cortimgrto nﬂmnlsul“fh?mﬂ it ﬂﬁing,zacm\e(isasewc%ﬂlfg&n the groupd
NH2 ( CHx) YOZOH, ere x is an integer froml to can be or C, and z
=1 to Zgoné]ﬁﬁng 1% CorfFtiRt h‘%‘ﬁ%‘“&n&‘“&s@ﬁ@%‘?r { HBRSe f Sulfaniliph @cide el Banieg. ai m 1
wher ei nNH;(@mWO@mcwer@mpramﬁég@fr@r&ﬁ ICRPIDNE c&F bél sd&r Vv agh - a8 £Rgi! on
caprol actum 4. The nethod of claim1 wherein the anino aC|d is thé acid
sal 10 of comhipasiopapddpemers fhgraaf-t h hydr ochloric acid, sulfuric acid,

per chi 0g] ¢ aehén@nol brAiAAMN Gadicline biiny aéqﬁ%oﬁlﬁﬁgégdan&go EhAbLY Hdhgrein the
organic acid is any suitable organic acid capable of hydrol'yzi'ng epsilon
capr ol afromrepsi®n caprelanithod of claim 4 wherein the acid is any suitable

d l t t.h d
metnod 31 ol Hemanupelur’] MeSRetyrdfine HidiS ereER R e s R L ¥ bony |
20 conphydinethlorB.acihsulfieit heid, pbfrcmdra;laadlor\ah@fganm atide amno acid is am no

i i de fro kal i
Cap{SOI CS.aCI dT method o?] cl%lm?i wherem the organic acid is any suitable organic acid capable of

hydrolyzing epsilon caprolactum.
6. The method of claim 4 wherein the acid is any suitable organic acid capable of forming a
salt with 6 amino hexanoic acid.
7. The method of claim 1 wherein the polymeric deposits are derived from carbonyl
20  compounds.
8. The method of claim 1 wherein the amino acid is amino caproic acid made from alkaline
hydrolysis of epsilon caprolactum using an agent selected from the group consisting of potassium
hydroxide, sodium hydroxide, lithium hydroxide, calcium hydroxide, magnesium hydroxide,
organic or inorganic bases capable of reacting with epsilon caprolactum such that an amino and
25  ancarboxyl group are created, and combinations thereof.
9. The method of claim1 wherein the pH of the caustic wash system is greater than 7.
10. The method of claim 1 wherein the amino acid is amino caproic acid and the component
in the feed stream is carbonyl and the molar ratio of carbonyl to amino acid is between 1 : 10 and
1:0.01.
30 11 The method of claim 1 wherein the amino acid is an amino caproic acid sodium salt and
the component in the feed stream is carbonyl and the molar ratio of carbonyl compound to amino
acid is between 1: 10 to 1: 0.01.
12. The method of claim 1 wherein the caustic wash system comprises a caustic scrubber.

13. The method of claim 1 wherein the caustic wash system comprises an amine scrubber.
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hydrol ysis of epsilon caprolactum using an agent selected fromthe group
consi sting of potassium hydroxide, sodi um hydroxide, |ithium hydroxide,

cal ci um hworoendase7 magnesi um hydroxi de, organi c or inorg&oiraBissest capabl e
of reacting with epsilon caprolactum such that an am no and 25 an carboxyl
group are created, and conbinations thereof. 9. The nethod of claim

wher ei nl4-he Pi¢ wethodef eaigsi vhegisthe gpanoaasid eongrrisat & alivhalic aming @cidprd itfet hod
of clai l;g&;lg)é\herei n the amno acid is am no caproic acid and the conponent
in the feed streamis carbonyl and the nolar ratio of carbonyl to am no

aci d i slbet wEaamdthod afclainmdl wherel, thd amBQ a¢ill, cofripeiseset dmeghbéhand aiphmtic anmige ei n

t he an‘ig]ci)d acid is an amno caproic acid sodiumsalt and the conponent in
the feed Streamis car bonyl and the nolar ratio of carbonyl conpound to

am o  Bei d The hethotef claim1D whereiln the.dddino 2&d cohprisast Hbanctedddliphaticlaruiier ei n

t he caustjc wash system conprises a caustic scrubber. 13. The net hod of

cl ai m 1®%herei n the caustic wash system conpri ses an ami ne scrubber. 15 WD
03/ 093397 PCFitd BB PIEAAmIAwhdbiR (FESrHiAE a6ifl c6hBiighs & WIRTARifb i@ ami no acid
conprises an aliphatic amno acid and its Jisoners. 15. The nethod of claim
1 wher el§ t hEheamewed afictpimohiyhpisisthy amipe jagidthag meare than bsabpeyl orisHoxyAci d.
5 16. T, uﬁret hod of claim 1 wherein the am no acid conprises a branched

al i phattc amno acid. 17. The nmethod of claim 1l wherein the am no acid
confri sk a Theietbodof dlamak wherein8he arhigo peitl hatimore thdradnmaminthgoep.n t he ani no
acid h nore than,.l .carboxyl or sulfoxyl. group. 10..19. The et hod of
claim ifQi\/ner e fisdod s (htg %z%linﬁ r%asWirlreDnrn’né tR%n BHE 2850 laroaupflm}ﬁtwel'hé)f
met hod FHOOLZR{HPH-ICHA)NE), vhcteex R itteget ifidni 5 tea6,dB IS Cak S\ ev B3fan iftekIDfon

PH (CH2),, N wher e s an integer froml to 6, Zis Cor S, wis an
i nt egergof%élﬁzﬁ}hst%p}l??;’ﬁéﬂ@' PHis a phenyl ring. 21. The nethod of claim1

wher ei mt.he aRd Neghelfoldd ofS @a@er i1V awht€inOf the 1 anind1OREN- (HH2) , HMRHGEHRY YNHZ,
where x and are an mtegjer, Zis Cor S, wis an_integer from1l to 4,
and!¥PH ﬁ(goﬁ}éﬂﬂh)ﬁ)wﬁ (Gl )y NRonwheie ok F06ry pi§HNGIRGeeRs> &riel CdPisBoV Vs AY IEesYner i ¢
deposi t §5,81 th NCaddWrelsHRknyi ¥ aces of a caustic wash system the deposits

resulting frompolynerizdtion of at | east one conponent of a
22, A method for inhibiting and dissolving polymeric deposits on the internal surfaces of a

caustic wash system, the deposits resulting from polymerization of at least one component of a
feed stream, comprising adding to the feed stream an additive comprising an amount of a lactam,
20  sultam acid, or isomer thereof effective to inhibit polymerization and dissolve deposits.
23. The method according to claim 22 wherein the lactam is epsilon caprolactum or its
isomers or substituted derivatives.
24. The method of claim 22 wherein the polymeric deposits are derived from carbonyl
compounds.
25 25, The method of claim 22 wherein the pH of the caustic wash system is greater than 7.
26. The method of claim 22 wherein the caustic wash system comprises a caustic scrubber.
27. The method of claim 22 wherein the caustic wash system comprises an amine scrubber.
28. The method of claim 22 wherein the sultam is capable of being hydrolysed with an acid
or a base.
30 29. The method of claim 22 wherein the lactam is epsilon caprolactam and the component in
the feed stream is carbonyl and the molar ratio of carbonyl to lactam or sultam is between 1 : 10
and 1:0.01.
30. The method of claim 22 wherein lactam is epsilon caprolactam and the component in the
feed stream is carbonyl and the molar ratio of carbonyl to lactam or sultam is between 1 : 10 and
35 1:0.01.
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feed stream conprising adding to the feed stream an additive conprising an
anount of a lactam 20 sultam acid, or isoner thereof effective to inhibit
pol yrer i 2&Dioa93p0t di ssol ve deposits. 23. The met hod accordirngovaeni ai m 22
wherein the |actamis epsilon caprolactumor its isonmers or substituted

derivatives. 24. The nethod of claim?22 wherein the polyneric deposits are

der i ved3tr oml8aFISBRYG RecrGRBioRIE | o2y irtheyromprising disselving fhepopymegdemsdn t he
PH of t hieme aMatié RasBStieYadl @hitd SovillsBainetheldddm. 7- 26. The nethod of claim
22 wherein the caustic wash system conprises a caustic scrubber. 27. The
met hod 8% cl dheethodiseasding tchdaigpils thereiptbp deyssteamawitp ichds agas eraptha

scr ubbeg,. Ckiﬁg lagpe met hod of claim 22 wherein the sultamis capabl e of

bei ng hygro B&G@ with an acid or a base. 30 29. The method of claim 22
wher 2i n38.he [The mathoil of elpii | on22 whereindbd aiditavedan beused apblerdor individubily. f eed
stream L5 carbon nd the nolar.ratio of.carbonyl to.lactamor sultamis
bet weenl‘;%‘ : [fgeméhﬁgfg?lﬁl%lpr%%Whelrﬁ%ltﬁ%?dﬁggeﬁ?ng%/lgisﬁﬁiﬁr\}H@u ¥ actami s
epsi | on3sapr Thagicthiod an dlainh & oL PN PhEEIAthd ditve mdydrddedd widiout snyC prelesick and
the nolar ratio of carbonyl to lactamor sultamis between 1 : 10 and 35
1: 0. 01. tolsé’q\'/@%g?@%@@? PCT/ 1 B0O3/ 01624 31. The nethod according to claim1
or 22, Bgrthehe aRMBELSLAMN 0PSB VARG cd SR DIgRIind WHEE addiflvd N&cERUS i C
wash system and units downstreamtherefrom™ 32. e nethod according to

cl ailfn 3polygezasion inhikdtog epwpdtankam uni ts i ncl ude a gas or naptha cracking
plant. 5 33. The nethod of claim1l or 22 wherein the additive can be used
as blend or individually. 34. The nethod of claim1l or 22 wherein the
additive can be in solid or inliquid state. 35. The nmethod of claim1l or
22 wherein the additive may be added w thout any preference to sequence of
addition. 36. The nethod of claim11 or 22, further conprising blending with
the additive a second 10 polynerization inhibitor or solvent. 17
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