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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 CH;COCH,CHy 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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addition, “the polymeric deposits also cause fouling of downstream units and can pose
environment problems of disposal if aromatics are used to remove deposits from the basic wash
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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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  below. Also suitable are the derivatives, isomers, and inorganic or organic salts of these
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It has been discovered that the compounds described in the preceding paragraph are effective
polymerization inhibitors for aldol condensation reactions, as well as solubilizing any polymer that may
already have been formed by that mechanism. For purposes of this invention, an acetaldehyde polymer
may be defined as having 2 or more repeating units of acetaldehyde.

In accordance with the invention, the amino acid may be added to the alkaline scrubber in an
amount representing a molar ratio of carbonyl to amine from about 1: 0.01 to about 1: 25 mole.
Preferably the amino acid is added to the alkaline scrubber in amount representing a molar ratio of
carbonyl to amine from about 1: 0.05 to 1: 0.5. In an alternative embodiment of the invention, a lactam
may be added to the alkaline scrubber in an amount representing a molar ratio of carbonyl to lactam
from about 1: 0.01 to about 1: 25 mole. The lactam is preferably added to the alkaline scrubber in
amount representing a molar ratio of carbonyl! to lactam from about 1: 0.5to 1: 0.25.

Further in accordance with the invention, the amino acid in its salt form or in pure amino acid
form can be added either as neat product or as an aqueous solution containing 0.05 to greater than 60
weight percent of the amino acid, with 18 wt. % preferred. Similarly, the lactam can be added either as
neat product or as an aqueous solution containing 0.05 to greater than 60 weight percent of the amino
acid, with 18-38 wt % being preferred.
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Example 4
A clean four-necked round bottom flask equipped with a thermometer, stirrer and condenser is
charged with caprolactum (36 g, 0.3186 mole), 3 g of 36 % hydrochloric acid in 61g water. The mixture
is agitated well and heated to 105°C to 110°C for six hours. A small 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 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.
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 without inhibitor. The flask is
shaken well and kept in an oven for 2 hours. After 2 hours the




Pol yrmeri zation is further carried out at 55C for 2 hours. After 2 hours of
pol yneri zati on under basic conditions, a dark red gumry pol yner was found
floatin op and the bottom caustic |ayer was a |l ow
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transmttance
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 boitom 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 vthis
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
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measured for conparison. The results are shown in Table 2. Exanple 7 The
procedure of Exanple 6 was used, except that the polynerization tinme was
increassg 35%%# hr. The present invention can be also be used as a bl end
with hyd¥@/P3:% ne sulfate and sulfanilic acid without PEREBPHIE
activity for both inhibition and dissolution of polyners, as described
bel ow dré visanpiircledafd chyvor ReY a¥posits. TAER dsesENENRI 808k Qs 28&ofded Ofor 10%
NaCH sol ution are added to a 50 nl stoppered conical flask. To this is
added {°HP2¥RE%i red i nhibitor 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 2 hrs at 55C. One blank is prepared wherein all reagents except
the inhibitor are added. At the end of two hours, the contents of the
flask are visually checked for clarity or any deposits. In few cases W
transmttance at 800 ran is 15 neasured for conparison. The results are
shown in Table 4 below. Exanple 9 A plant was having severe fouling in the
benzene stripper. The unit fouled within 24 his after the introduction of
live steamin the colum. The unit was being treated by conventional red
oi | 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
sol ubilizing over prior art inhibition and dispersing techniques. 25
Exanpl e 10 A clean four necked round bottom flask equi pped with a

t hernoneter, stirrer and condenser is charged with caprol actum (36g,

0. 3185 nol e), sodium hydroxide (14.4 g, 0.36 g) and 49.60 g water. The

m xture 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 (nmv 113, mp 70-72C
is added followed by addition of 1 m vinyl acetate. Each mxture is
shaken well and kept in an oven at 55C for 24 his. One control sample is
prepared, in
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Qobservation after
0.5% 2 Exanple 3 0.5 nml Dark reddi sh brown solution 8.5%

y deposits.

2 hrs

mttance
1 (ctrl)

No. Anount
NI L Dark red opaque |iquid
3 Exanple 3 0.75
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In few cases WV at 800 urn js
03/ 093397 PCT/ I B03/ 01624 Various resul P§STEHE%Hdwn in
Sampl e I nhibitor
2 hrs after

recorded for

n Dark cl &ariousadsidislatet shown 80T4blesd-Exanple 3 1 ml Dark clear red sol ution

85%

5 Sulfanilic acid 0.25 g Bro
acid 0.5 g Reddi sh brown slightly

h hazy solution 0.3%
o

y sol ution 78.1%

6 Sulfanilic
7 Sulfanilic acid

1.0 g{ Reddi sh clear solution 88% 8 [Taurine 0.363 g Reddi sh br owpnTiangui
with particlies 13 3% 9 Taunine 0.8 g Brown cl ear I|qU|d 93.8|%. 10 G ycine
0. 218 PR8I ol BRPHPOWN hazy lliquid 12.5% 11 Qycine 0.432 g Re&4l&ebr pun
clear|fpquid 95% 12 G ycineg pgn&ﬁg q)gggld,gﬁéhaﬂgm clear |iqui|ldaS6M:s18
Beta planinel 0. 258 g Reddisl brown lhazy liquid with 7.6% parflicles 14| Beta
al ani nb(@lﬁl?—;ngaE,If red c! EaIleql ﬂu%r%d@gtgwi@«hnpl e 4 0 5 905://Regg| sh
oony i o RIS o mr B ddEa o e RSy el S5 R0 eu TAE8 ot o] on
in water 18 E:8%gvels oxyl am|ngs3nl0 |Mbarelechovad balaod i qui d 4. 7% 80.0 %
4 Example 3 1ml Dark clear red solution 85%
E Sulfanilic acid 025¢g Brownish hazy solution 0.3%
6 Sulfanilic acid 05g 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¢g 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 0.5ml Clear red liquid 85%




sul fate solution in water

90%

21 Exa 0
Table 2 'Tra
after 2 hrs

sul fate solution in water
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anple mttance

19 18%iydr oxyl
20 Exanmple 10 0.25 m d ear
5 mM Clear red liquid 85% 9 WO 03/093397
No. Conpound Anobunt Cbse

amine 4.0 nl Yell ow

PO o

cl ear

liquid
red liquid 78%

01624

2 hrs

1 (ctrl) NI L Dark red opaque liquid 0.5% 2 Exanple 3 1 nl
Dark red clear solution 80.5% 3 Exanple 3 2 ml Dark clear red solution
83.0 % Brownish hazy solution with 4 Sulfanilic acid 1.0 g 0.5% particles

Reddi sh brown hazy sol ution with 5TgkeRani hc acid 4.0 g 0.5% particles 6
Sul f aprt+ec—acid—6-0—g Browrhagy sotutiomrwth—partictes6-5%R lﬂh %_h pr oWn
hazy |iquid with 7 Taurine 1.5/g 6.6%| particles Reddish Br ovﬁghaaﬁ/ | {quid
wi th BSamapleine 2.91 g 8.9% pafticles| 9 G ycine 0.872g Reddi shmittiaen hazy
liqui@g . 6.6%| 10 dycine 2.618 g,Reddi sQB)brown haz I qui d 8. 9% Reddj sh
br own| H8zy | iéﬁ?ﬁo‘%ﬁt h 11 Bet a| 4F%HIhe Wseraiqy %eg%lh:s aReCS b
1(ct) |- NIL Dark red opaque liquid 0.5%
2 Example 3 1ml Dark red clear solution 80.5%
3 Example 3 2 ml Dark clear red solution 83.0 %
Brownish hazy solution with
4 Sulfanilic acid 1.0g ) 0.5%
particles
Reddish brown hazy solution with
5 Sulfanilic acid 40¢g ) 0.5%
particles
6 Sulfanilic acid 6.0 g Brown hazy solution with particles | 0.5%
) Reddish brown hazy liquid with
7 Taurine 15¢g ) 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 ¢ ) 26.3%
particles
13 Beta alanine 232¢g 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 o 1.0ml Reddish brown hazy liquid 26.3%
sulfate solution in water
18% Hydroxyl amine Yellow hazy liquid with settling at
17 ’ g 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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particles Reddish brown hazy liquid with 12 Beta alanine 1.034 ¢ 26 3%
particles 13 Beta alanine 2.32 g Reddish clear with slight haze. . 2% 14
Exanpl e Dark Red clear liquid 80% 15 Exanple 4 rk red

cl ear 33?“3’?/@93 0% 18% Hydroxyl am ne 16 1.Or Reddi sh Bﬁ&?\wﬁ%% l'i quid
26.3% sulfate solution in water 18% Hydroxyl am ne Yellow hazy liquid with
settling at 17 4.0On 40.1% sulfatqgRlsution in water the bottom 18 Exanple
10 0.5m Cdear red liquiq 81% 19 Exanple 10 1. Onl Cear red liquid 82% 10
WO 03/ 093397| PCT/ | B03/ 01624 Tablle 3 % Trlans- Sanple Mole mty [ @rifrens-No
COWDOJEQ_P@QDUM rati o Qobgervation féer 24 hrs after 24 hrs 1?1%“

Conpl ete hazy brown 0.5 liquid mno claproic 2 1.4196 g 1: Reddl sh
br own| toear | Compan80. 1 |gohehméni) maiocapr qi @bskrAtién 8t 2408 g Resfttr 94 hey own

Cl ear L = | 70 7 Aot f ] e I\rvi nan_r_cn e—1- ﬂ ’)l: Dnrlrll ch hr alV¥al cl sal

r‘l \.1u| A% TACT O T u—vu[u

liquig,4 0.3549 g 55.2 agid nol ¢ th sl i Geplgaithagy Bevg S| fanilic agid
4.0 g 1 2 nple Brown hazy i t h particl es lgugfm '

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 i 03549 g 55.2
acid mole with slight particles

5 Sulfanilic acid 40¢g 1: 2 mole | Brown hazy with particles 0.8%

e Hazy brown liquid with
6 Sulfanilic acid 20g 1: 1 mole 0.4%
particles

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

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

Example 10 0.85ml app1:0.25
9 Dark reddish clear solution | 45.3 %
(0.985 g) | mole*

* approximately

**specific gravity of example is 1.1592
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6 Sulfanihc acid 2.0 g 1: 1 nole Hazy brown liquid with 0.4%
3.4ml** app 1: 7 Exanple 10 Dark reddish liquid 82%

0.5 Dark reddi sh cl ear 0 .. 969
0.85m appl:0.25 9 Dark reddi sh cl ear S%&TJM(%{?Q% 3%

ol ov B2

nol e* anp

App |

particles
(3.94 g) nole* 8
sol ution

9)

(0.985 g) nole* * approximately **specific gravity of exanple is 1.1592 11

WD 03/093397 PCT/1B03/01624 Table 4
No. Product Quantity after 2hrs after 2 his

transmttance

Per cent

Sanpl e Gbservati on

Exanpl e 4

+

hydr oxyl ami ne sulfate 1 2ml+ 2ml Cl ear red solution 82% solution 36% 2
Example 3 +sulfanilic acid 2ml+ 2 gngicd ear red solution 80% 2nil+ 0.5 3

nol es

Exanple 3 + capralactam C ear red solution 82 % gns 4 Caprolactam +.
sulfagilic acid | gns+2gnms Cl ear red splution 809% Capr ol act am Berd¢eptir oxyl
am ne m+2 gnms Cl ear red solution| 81% sulf %{F IeSR?tio. f
of W EQ%R%I e Grans of Vinyl Acetate (Observati o?\(t)gsfe &rTr ansni nﬁrﬁﬁtpnce
No Product Quantity after 2hrs after 2 hrs
Example 4 + hydroxylamine sulfate i
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 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. Afier 24 hours the flask is checked visually for clarity and any

12




No. caprolactumto caprolactum?24 hrs after 24 hrs Cear dark reddish 1
0.6122 1: 0.5 71.5% brown liquid Dark reddish brown 2 0.3061 1: 0.25 0.8%
hazy | reddi sh clear 3 1.224 1. 1 76.4% i qui rk reddi sh

cl ear q’gbﬂﬁ/&i 2 73% liquid Exanple 12 20 nl of 10 %Rﬁfﬁﬂg@lfﬁlon IS
pipetted into a 50 m stoppered conical flask. To this is added 1 m of

Vi nyl Lat utd | ko fs 4 or 15
i i EBRG I 506 MR R Sl S B The SR8 0 AR e
and pdlaplegri zes to forminsol uble products. After 15 minutes a desired

anount of epsilon caprolactum (nmw :lI:L rgbp 70-72C) inhibitor is added. One
control sanple is prepared w thout nln itor. The flask is shaken well and
kept iph an ové¢n for 24 hqwtﬁ)oflﬁidl@rof24 hours the flask i$ cheU’K/'ed vilsual 'y
for clparity and any 2 03/093397 [PCT/ 1 B03/ 0162 depo I n sgne
cases U@X%I?I&?\sm(thta’é‘ﬁc?é '%égf;eéﬁefor coRpsErYalg Haﬁ?ihe re ?Iisgmﬁaqnée hown in
Tabl e 6. N@bl ¢ & llgpgcmgl of tg@&ﬁglag{unuv Examplg g ans of Vi ngbr Aagt atle
(bservpation aftpr Transm ttance caprolactumtao capr bl actum 24 Rdrs
after P4 hrs |Dark reddish bro I|qU| Dak pddgpbrown Igusl 64. 4% with [slight
particles ‘2 1. 224)5]}2E Dar k rleﬁgl sh cl earwi{his‘i’igﬁtqaa?t@i@s 3 2.4453"10:%I 2 Dark
reddi sh clear {liquid 81%

2 1.224 11 Dark reddish clear liquid 76%

3 2.449 1:2 Dark reddish clear liquid 81%

Beta alanine Brown liquid with settling
4 1:2.4 12.7%
232 gm 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 ) 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




Beta alanine Brown liquid with settling 4 1:2.4 12.7% 2.32 gmin the
bottom5 Exanple 13 20 m of 10 % NaOH solution is pipetted into a 50 m

st opper i flask. To this is added 1 m of vinyl sol ution.
The rrix?ﬁl(r)ég)/pés‘?’g?haken wel | and kept in oven for 30 m nut 5@%@@&4‘550
During this period, the vinyl acetate is hydrolyzed and polynerizes to form

I nsol qQéo@ubl&%ﬁwéﬁtiéi AR TGS n?iglém fhdlae eh%oqﬁﬁdfreﬁglogggﬁﬁfac% @GR 119t p

S
caprol actum 3 mp 70- ) 10 inhibitor 1s ad One control sanple
i's preffarda) wihibitsatis jaddadp iOngrcontrplesaiipds ks proparbdidihovieinhibiorl Thedlask ris an
oven fs%keé“wéiﬂi{d%{epﬁ& $ ofdh £8P ﬁ@g?.e AefSK nbiies HERKEYs YhSyad kfi%ugllgzrfogl arity
and any eposits. [ n some cases transm ttance 1's neasured for
conpardlagynandidny depssitstIn seme cadeoWY tramsmifimbteid medavédefor ciRaparsomfThandésalis of W
Exanpl e Grans ;%f Vionyl Acetate Cbservation after Transmittance No.
cagrolaéﬁ woB TRYS B0l act um 24 Ins after 24 hrs Dark reddish clear 1 1.224
1: 1 78% liquid Dark reddish clearabk®.449 1. 2 81% liquid 15 Exanple
14 20 m—of-10 % NaOH-solytion s -pipetted into a 50 -m stoppered cgnical
flask. To this s added 1 RPUePIRPIEYPL dcetate sol ution.| The W xturd is
shaken welhngd keRhmé B OVenvih abeifes |M OBk Sathth a8 53 Crrdddhirficd 1i S
period, |the vinyl acetate|is hydrol yzed |and pol ynerizes |to form 13 |WD
03/ 093397 NeT/ 1Beaprotest2m |i ntoolapiolastupr oduct s. 2¥er 1 hris afterdddss t he

desi r ed Famount—jof—epsitonjcaprotactum (w3 P 70=72C—nhibitor is
added. One gontjrol spapl e |is pregpared vvithﬁﬁrghfddhﬁhbﬁ%éar. The shd,ask iis
shaken wel |l and kept in an oven for 24 hours. Wqdiér 24 hours the flask is

checked pHsuvalty—fer—elari-ty—and-any-deposits—}h-—soretcases—W
. . . 1‘ I'
transnmiftange ijs meagured |for cqnparisor. Birk ?‘Biéﬁli‘l"ir 759,
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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5 are shown in Table 8 Table 8 Ratio of noles of UWW Exanple G ans of Vinyl
Acetate Cbservation after Transmttance No. caprolactumto caprolactum 24
hrs after 24 hrs Dark reddish clear 1 1.224 1: 1 50% |iquid Dark reddish
clear 2 2.449 1:2 75% liquid Beta alanine Brown liquid with 3 1:2.4 3.0%
2.32gmsettling in the bottom The basic wash systenms in which the present
treatnents are useful for inhibiting fouling include amne acid gas
scrubber and caustic wash systens. \Wile the present invention has been 10
described herein in ternms of prefqfyggnbodi ments, one of ordinary skil
inthe art will recognize that nodifications to the enbodi ments can be made
MﬁthOUt‘Wﬁﬁ@§&hﬁ&ﬂﬂ§0ﬁlthe scope of the clained invention. 14 CLAIMS Wat
is clainmed is: 1. A nethod for inhibiting and di ssol ving pol ynmeric deposits
on the internal surfaces of a caustic wash system the deposits resulting
from pol ymerization of at least one conponent of a feed stream conprising
addi ng tlo t he\ fethdd Sdrristeibitiap andidisidleg oIl Letit Y& ok®s o MBiHEhalRelHA®Br | zat i on

and dISS Ive deposits, wherein said additive is selected fromthe group
conpri si% WFN@dhéX%ﬂBagw‘§P8$“U§ﬁﬂpﬁéIDNHE?@FEPZW%NK}fﬁh@?%<we|s an

i nt eger cBﬁm@Eﬁhént bPa fedd stYea‘ﬁﬁ@oﬁ?n%?édo% g R Feed st;eatrrp%réa}’dgz)tif%%gfeét%\\/estgl ts, and

conmbi nati ons thereof, and ani ne and salts t nethod for
|nh|b|tﬂﬂ@b%ﬁQWHW§§%KWﬁWQ<b§PVﬁébW®ﬂa€wb€mn§adﬁxwhe@nnB@eaaiﬁguwmaces of a

causti ¢ HaRNCENSISID 5 DI SROBIS LASULELOONTL R POLYBRY LEaLl on of at | east

one conp ent o stream Conprisif
addi ti ventegdrefmm \]reo 12, YicahibbiSt orp®] anier + Zatoi 2 soaek, @al%@ﬁd/eorﬂlﬁﬂﬁﬁink&

i i e.conprise no
wher ei nt ereo an%q) aaamnea salts %ere(r)?

2. 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 effective to
inhibit polymerization and dissolve deposits, wherein said additive comprises amino

haxanoic acid derived from epsilon caprolactum.

3. 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 effective to
inhibit polymerization and dissolve deposits, wherein said additive is the acid salt of 6
amino hexanoic acid with an acid selected from the group consisting of hydrochloric

acid, sulfuric acid, perchloric acid or an organic acid.

4. The method of claim 3 wherein the organic acid is any suitable organic acid

capable of hydrolyzing epsilon caprolactam.

S. The method of claim 3 wherein the organic acid is any suitable organic acid

capable of forming a salt with 6 amino hexanoic acid.
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haxanoi ¢ acid derived fromepsilon caprolactum 3. A nethod for inhibiting
and di ssol ving polyneric deposits on the internal surfaces of a caustic
wash system the deposits resulting from polynerization of at |east one
conponent of a feed stream conprising adding to the feed stream an
additive effective to inhibit polynerization and dissol ve deposits,
wherein said additive is the acid salt of 6 am no hexanoic acid with an
acid selected fromthe group consisting of hydrochloric acid, sulfuric
aci d, pexchl dieamaioiddofetaian wheeainithe paiytierid depbhies aretdadebdditont kabonyd wher ei n
the organic acjd is any suitable organic acid capable of hydrolyzing

epsi | on C&BpPYI%Gct am 5. The nethod of claim 3 wherein the organic acid is
any suitable organic acid capable of formng a salt with 6 am no hexanoic
acid. 15 6. The nmethod of claim]| wherein the polyneric deposits are

deri ved % r omldamsdipgd of claggoviraein szid awﬂéverﬁt%wnegleéanalcmq wede 89m sai d
addi tivepy 1 Q. i I e. f | S| f epsilon
capr ol D o I kP ot st um
hydr oxi densigogi ufmpotadsiomi tedrokide,hsatdiurhyblydveciide, lithalng i hyrhroxigedr @i,

magnesi ym.h Q{oxide .orﬂanicdor inor%gnic bas%s capa He ff rFactHEg W th
epsi | on é’gré’%b Cn CPERESTE YIRS AT SANE 25 APTEAUG, BRSEP (5BRANIC gt EARITE WtBy eat ed,
and corpiilat cappslattber eah. it ahhemiet hedl aaf cabaiyin drovhereiciatdae Jpkl of the
caustic wash systemis greater than 7. 9. A nethod for inhibiting and

di ssol vicREPPGHYehseofdeposits on the internal surfaces of a caustic wash
system the deposits resulting from polynerization of at |east one
conponent of a feed stream conprising adding to the feed stream an

addi ti veé. ef f dbeinvathadoof clawii Iovherpiol therpidiof she ewstamelasti systoinvie grtetsotian s,
whereinthe additive is selected fromthe group consisting of 6 am no
hexanoi c acid and sodium salts of am no hexanoic acid and wherein the
conponent in the feed streamis carbonyl conpound and the nolar ratio of
car bonyl_  conpoun am.no _hexanoic acid is between 1:10 and 1:0.01. 10.
The netHod of ‘E‘F'gio?t*r? “&1}1&1@8 Anq fhigso ‘élﬁ%?‘iﬂémﬁﬁ% e@?@%%}#‘&&ﬁiff‘gssﬁéfa%?scausti c
scrubberof aldaustld GvabRtsh@en OfheCAPbMsLreWIBRL ANt PEIyARHSAtIoR YaSNesY Them

conpri ses an amine scrubber. ) . )
component of a feed stream, comprising adding to the feed stream an additive effective to

inhibit polymerization and dissolve deposits, wherein the additive is selected from the
group consisting of 6 amino hexanoic acid and sodium salts of amino hexanoic acid and
wherein the component in the feed stream is carbonyl compound and the molar ratio of

carbonyl compound to amino hexanoic acid is between 1:10 and 1:0.01.

10.  The method of claim 1 wherein the caustic wash system comprises a caustic

scrubber.

11. The method of claim 1 wherein the caustic wash system comprises an amine

scrubber.

12. The method of claim 1 wherein the additive has more than one carboxyl or

sulfoxyl group.

13. 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
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12. The method of claim| wherein the additive has nore than one carboxyl

or sulfoxyl group. 13. A nethod for inhibiting and di ssol ving pol yneric
deposits on the internal surfaces of a caustic wash system the deposits
resulting frompolynerization of at |east one 16 conponent of a feed
stream conprising adding to the feed stream an additive effective to

i nhibit polynerization and di ssol ve deposits, wherein the additive is a
derivative of (HOOZ)w PH (CH2)xNH2, where x is an integer from1l to 6, Z
is C or cBmponérs ofn fded @88, colpBbng al@nd 1o @B ekl Eaﬁn@n?&ﬁﬁyel eItk (14 A

met hod f.or.. i nhi biting and dissolving polyneric ofep05| S on € I hternal

sur f acednhiBe polymgiwatien gad Wissglye edepositse wiensts ittesadditivel tsi mglefivaive of

pol ymer i(ga&to0n-pef- GCERS . of a feed stream canprising

addi ng R fpgfegi@g%)’?]\ggjr’nrwé‘ggg’&‘ci’ica?iqg%g%]&f“’e”&t‘itﬁ’/é’ £ Gt BY 1 BINSEEr i zat i on
and di sty é taibpodiPisis aphemdiingt he additive is a derivative of

((HOQZ) - (CH2) x) WPH- (CH2) YNH2, where x and y are any integer, Zis Cor S, w
is an integer froml to 4, and PHis a phenyl ring. 15. A nmethod for

i nhi bi tilAg ardmeihed Gr\htibiting byA@ikiclvidePASbc 8hokieod Mt B10Ak SMLlaces of a
caustic ﬁ/ash syste including the deposits that are existent or are formed
as a reSlR “AUgtC B metathe gfepetits aiesylideg froon polymepeatieont ofodt laadt @ad st ream
conpri Sice@péstat it fe8d Lt : 8 iLtive co i,si ng. an amount of

| act am _surt am aci d, olr%% fnsg&rrggr lﬁéﬁﬁﬁa etﬁj%gé %t\r/eeam[ %‘%‘HW& c{bicyfreri zat i on
and di s&Wikik pabpssization asl dissdverdeprsis, asbacidi thg ddditickakmm 45 iwkes @ifn t he

| act am @@mi 5 brk rol.actum qr isoners or substituted derivatives
t hereof . 17. :iﬁe 22@?%%3%%@‘5@%%@% Pefh APHANBEHIy fef Ccodeptds 8- ar e
der i vediftegsniromalr focinwhd PHipopiasl ridd. The nmet hod of claim 15 wherein the pH

of the caustic wash systemis greater than 7. 19. The nethod of claim 15
wherein the caustic wash system conprises a caustic scrubber. 20. The

met hod 0. cl AinRi& b aheitng iR GABRACoMBSEESYSE lSE5 An, am ne
scrubber, 17 21, The nethod of cl ai m%ipSWe} EIG% %ggggﬂ?{ngeﬁ?gﬁgm %Pabl e of
bei ng h%ﬁ’ ‘Eﬁ‘ﬁ?&‘é}f{aw fypemg Hickding the depobigssihat are existent or are formed as a result

of polymerization of at least one component of a feed stream, comprising adding to the

feed stream an additive comprising an amount of lactam, sultam acid, or isomer thereof

effective to inhibit polymerization and dissolve deposits.

16. The method according to claim 15 wherein the lactam comprises epsilon

caprolactum or isomers or substituted derivatives thereof.

17. The method of claim 15 wherein the polymeric deposits are derived from

carbonyl compounds.

18. The method of claim 15 wherein the pH of the caustic wash system is greater than
7.

19. The method of claim 15 wherein the caustic wash system comprises a caustic
scrubber.

20.  The method of claim 15 wherein the caustic wash system comprises an amine
scrubber.
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22. The method of claim15 wherein the lactamis epsilon caprolactam and
the conponent in the feed streamis carbonyl conpound and the nolar ratio
of carbonyl conmpound to lactamor sultamis between 1:10 and 1:0.01. 23.
The met hod according to claiml or 15, further conprising dissolving the
polymer formed in the caustic wash systemand units downstream therefrom
24. The method according to claim23, wherein the downstreamunits include
a gas of naptha cracking plant. 25. The method of claiml or 15 wherein

t he addizli ve The makst aSclbihe nsl whereinngle wigmlid dapabld®f bInge hgaltdrﬁdd Qfithe! ai m |
or 15 wherein the additive is in solid or liquid state. 27. The method of
claim| BAHEOT}E%in the additive is added without any preference to
sequence of addition. 28. The nethod of claiml or 15, further conprising
blending with the additive a second pol ynerization inhibitor or solvent.
29. The et hddeonetbpdion claimhé? evhrergaithe datporierdpsilon sa@irdlattemdarst theam

conpris r. Q nd t.he nolar ratjo of saj.d carbonyl
conpoung%?%mg%?dpgﬁ%h??fgggﬁqgggﬁﬁggﬁxTnfﬂn%ﬁagfﬁﬁyﬁ%?I' ?Cﬁﬁ@%ﬁg%hod of
cl ai m 1xowipeurel to laair oconpaonie betwieen $:a0dnd e®M1St ream conpri ses a car bonyl

conpound and the nolar ratio of said carbonyl conpound to said | actam or
said sultamor to said isoners thereof is between 1:10 and 1:0.01. 18

23. The method according to claim 1 or 15, further comprising dissolving the polymer

formed in the caustic wash system and units downstream therefrom.

24.  The method according to claim 23, wherein the downstream units include a gas of

naptha cracking plant.

25. The method of claim 1 or 15 wherein the additive is used as blend or individually.
26. The method of claim 1 or 15 wherein the additive is in solid or liquid state.
27. The method of claim 1 or 15 wherein the additive is added without any preference

to sequence of addition.

28.  The method of claim 1 or 15, further comprising blending with the additive a

second polymerization inhibitor or solvent.

29.  The method of claim 1 wherein said component in said feed stream comprises a
carbonyl compound and the molar ratio of said carbonyl compound to said additive is

between 1:10 and 1:0.01.

30.  The method of claim 15 wherein said component in said feed stream comprises a
carbonyl compound and the molar ratio of said carbonyl compound to said lactam or said

sultam or to said isomers thereof is between 1:10 and 1:0.01.
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