4- ALKYL SEM CARBAZI DES AS OXYGEN SCAVENGERS

Field of the Invention A net hod for renovi ng

di ssol ved oxygen from al kal i ne wat er cont ai ni ng e
.di §sel'ved oxygen at a tenperature greater than 250[err] F which conprises
the,step of: adding to said al kali ne \A@I;@ gont ai ni ng

di ssol ved oxygen an effective oxygen- nﬁal @Qﬁmunt
of a water-sol ubl e sem carbazi de of

Rl err] O - H\ | | /
N- C- N- N /A method for removing dissolved oxygen from alkaline water containing
R err] wherein R err] and Rerr] are

selected fro g}gg{,\@e@ bRy Wfaf? E%%%éérﬂﬁr@%regexeﬁlﬂ 250%H Which cBinftibes thY Sepakky! -

aryl, cycloa oxy at
-Preferred naterlals are, 4- phen sen1gar azide, 4-isop sem car bazi de,
4- 4- adding to sai alkalipe g fgassmé omm#ﬁ%w OX¥8Hhol i ne.
Bel ow 400[err]F, a catalyst is also required.

Backgr ounsl ofcavergihpwsmunbof a water-soluble semicarbazide of the fofshfilaci ent operati on
of boilers and other steamrun equi pnent requires chem ca

treatnment of feedwater to control corrosigpn. Corrosion in such systens
generally arises as Ry 15 result of oxypen attack of steel
in water supply equi prent, pre-boNer syglens boi | ers,

and condensate return lines. Ckyg(prhrra ’UfNéreéﬂ I s exacerbated by the
unavoi dabl e h tenperatuyres fo I n boiler

equi pment. Since acidic condltl%ms al so accelgrate

corrosion, nost boiler systenms are run in an al kaline environnment.

the oo Cmerets By hR R RIS R R PR aOPr R an G ko Eh3E BB

boiler corrosion. In order to understand
aryl, eycloalkyloxy and alkyloxy groups.

Preferred materials are 4-phenyl semicarbazide, 4-isopropyl semicarbazide, 4-4-
10  diethyl semicarbazide and carbazoyl morpholine. Below 400°F, a catalyst is also
required.
Background of the Invention
Efficient operation of boilers and other steam-run equipment requires chemical
treatment of feedwater to control corrosion. Corrosion in such systems generally arises as
15 aresult of oxygen attack of steel in water supply equipment, pre-boiler systems, boilers,
and condensate return lines. Oxygen attack of steel is exacerbated by the unavoidable
high temperatures found in boiler equipment. Since acidic conditions also accelerate
corrosion, most boiler systems are run in an alkaline environment.
The action of dissolved gases such as oxygen and carbon dioxide are two of the

20  main factors that lead to feedwater system and boiler corrosion. In order to understand
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2 the rol e of dissolved gases in corrosion, one nust understand

the el ectrochem cal nature of corrosion. Corrosi on
processes involve reactions where one species 1S OXIdrzed S

M 2M erf] +2ef[err] 5 and another is reduced.

xtelerr]->Xerr] In boiler systens the two species invol ved
in the redox chemistry are typically two different netals, a netal

and oxygen, 6he mleefdissodved gid€ssn cotinsion, onssuust undeirstand the electrochemizaldmttiron
of rron occurs. 10 Fe[err]->Fe[err] +2e[err]

A current of ebggbdigns then flows fromthis anodic region to a point where
reduction takes place. If oxygen is present the cathodic reaction is

\s\I/ate re: ] |+SH[ rere(rjtggge{(g rﬁi; o eesgers]fgvolve reactions where (lme spgtefieg Pssoei\:%i%eé) foxygen,

2H err] O+2e[err]->Herr] +2 err| Any agent that inhibits
either the anodic or cavindMi d‘2¢eact ion will st op corrosion from
occurring. Metal passivation, the formation of a protective oxide film is
one 5 Cepdenoth¥riipédnced. a process that inhibits corrosion by bl ocking-
one of the el ectrochem cal reaction pat hways. 20 The

severity of oxygen co\Mgﬁ_Sé—gpﬁM depend on the concentration of dissolved
oxygen in the water, and tenperature. As water tenperature

I ncr eases, . .. . ) )
: In boiler systems the two species involved in the redox chemistry are typically

two different metaIs,'a metal and oxygen, or a metal and water. Under most conditions,
‘oxidation of iron occurs.
10 Fe’ »Fe¥'+2 e

A current of electrons then flows from this anodic region to a point where
reduction takes place. If oxygen is present, the cathodic reaction is

0,+H,0+4e = 40H"

In the absence of oxygen, water is reduced to hydrogen.

15 2sz+ 2 ¢ —H,+20H"

Any agent that inhibits either the anodic or cathodic reaction will stop corrosion
from occurring. Metal passivation, the formation of a protective oxide film, is one
common example of a process that inhibits corrosion by blocking one of the
electrochemical reaction pathways.

20 The severity of oxygen corrosion will depend on the concentration of dissolved

oxygen in the water, water pH and temperature. As water temperature increases,
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corrosion in feed lines, heaters, boiler, steamand return |ines made of

I ron and st eel I ncr eases. I n nost nodem boil er

systens di ssol ved oxygen is handl ed by first mechanicariy " renoving -
nDSt of 't he di ssol ved oxygen and then chenically scavengi ng the renai nder.

5 > Mechani cal degasification is typically carried out with deaerating
heaters, which w || reduce oxygen concentrations to the range of

0. 005- 0. 050 cuoyfokion in feed lines, heatersCheilérc stears @nd setginrlines inadh of iremand staef

di ssol ved oxygen is w dely acconpli shed by treating the water with

an oxygen sgg é@&ﬁg such as hydrazine or sodiumsulfite. See, for
exanpl e, the O hrer Encyclopedia of- Chem cal Technol ogy, Third

el orence o hydrame e boile SATGR, 49 §Y°'f§”?ﬁ oS BERIETEY fshrisShapicatly

efficiently elimnates the residual oxygen b reacting with the
oxygen to giremowinganosof theatissolusd oxygatand thcmctmécallmavwgmatbp pemgigdey.
good netal passivator since it forns and mai ntai ns an adherent protective

layer of 5§ MechatRAN@égakiFicS isitysitalBldariesut wiltbdeaerating hbdteisswhichweller
wi dely recogni zed that hydrazine is a toxic chemcal. Kirk-Q hmer

reports that rough the nouth,
skin and resrﬁ{hﬁceo%cprg&%&ﬁéeﬁt?ﬁﬂ g(%ﬂleé t*afdbggé)ggﬁgﬁw ‘corneal damage may
result from contact W|th t he eye. Qses may cause centra
nervous syst em deph@Bisalscayargins ‘tfﬁk%l{?%mﬁﬁw oxygen 1s W&@W%H@F’@L\‘?‘?Qnd
ot her damagi ng side effects. 20 Am)ng ot her approaches to the
scavengi ng djy weatingrhe watepivithranoxyganscavengeridech as hydrazimer drclodimasudfites Ses,
disclosed in U S. Patent No. 5,258,125; gallic acid as disclosed in -

for example, the Kirk-Othmer Encyclopedia of Chemical Technology, Third Edition,

10  Interscience Publishers, Volume 12, pages 734-771 in reference to hydrazine. As
explained in Kirk-Othmer, hydrazine efficiently eliminates the residual oxygen by
reacting with the oxygen to give water and gaseous nitrogen. In addition, hydrazine is a
good metal passivator since it forms and maintains an adherent protective layer of
magnetite over iron surfaces.

15 It is, however, widely recognized that hydrazine is a toxic chemical. Kirk-Othmer
reports that it is highly toxic and readily absorbed through the mouth, skin and respiratory
system, and that permanent corneal damage may result from contact with the eye. Low

~ doses may cause central nervous system depression and high doses may cause
convulsions and other damaging side effects.

20 Among other approaches to the scavenging of oxygen in boiler systems include:
carbohydrazones as disclosed in U.S. Patent No. 5,258,125, gallic acid as disclosed in

U.S. Patent No. 4,968,438; hydrazones as disclosed in U. S. Patent No. 5,384,050;
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U S. Patent No. 4,968, 438; hydrazones as disclosed in U S. Patent No.

5, 384, 050; car bohydrazi de as disclosed in U S. Patent
No. 4,269,717 and 1,3 di hydroxy acet one as dr scrosed—in U-S. Patent
No* 4, 363, 734. Sem car bazone derivatives have been discl osed
as’ addltlves in lubricating oils in U S. Patent No. 2, 322 184.

However, there is no indication that they woul d be effective
addi tives t carhohydragidead disglasedrin U.S. Patent No. 4,269 71§e¢ndda$§§wqu¢at¢ée BEen
di scl osed for deoxygenating liquids in U S. Patent Nos. 4, 399, 098

and 5, 108, 6Z#scldsed iy U9t Ngl4,363(34Ai ni ng urea derivative is
proposed as a boiler water treating agent in U K. Patent Application No.

2,279, 347. The MezidhEnd he
specification anaseefl%g%ﬁeer ??Lm%%%ge b%ﬁ%?g%f&h@ﬁ&ﬁ%@ noE%n%&lgtﬂese
ref erences teach the substituted sem carbazi des_of  the i nstant .
i nvention. U.S.Patent No. 2,322 8flc Hogveyes, ﬂ?er%lsﬂé’éﬁdl?‘éi@mféh@fﬁpﬁ‘dg?ﬁe%ﬁﬁﬁv? ess
toxic treatment chenicals. Therefore, it is an object of this

i nventi of t additives tewatey-besedsystemisgi ng treatnents * which scavenge
oxygen and reduce corrosion rates of steel surfaces under typical boiler

15 use condi ti ONGenifal g itESNAle bl HfsclBEEd%{- a@dxygénaﬁhg@aumg ik 0. RyParegd ne.

Summary of the Invention renovi ng di ssol ved
oxygen from.al kgl i nj hssalved ox
't enper at ur e 1‘3‘?562@3 g%g\gg‘ﬂg ?—5]3{%(9%] &ﬂ' drgfag g‘é‘@“{'ﬂ‘@ ge’b"ia ive I8

proposed as a boiler water treating agent in U. K. Patent Application No. 2,279,347, The

functional group is described as C(O)NH=NH, in the specification and C(O)N=NH, in
10 the claims. However, none of these references teach the substituted semicarbazides of the
instant invention.
There is still a need for more efficient and less toxic treatment chemicals.
Therefore, it is an object of this invention to provide oxygen scavenging treatments
" which scavenge oxygen and reduce corrosion rates of steel surfaces under typical boiler

15  use conditions while reducing the potential of exposure to hydrazine.

Summ_a_nz_qt'_thé.lny_enﬁnn
A method for removing dissolved oxygen from alkaline water containing
dissolved oxygen é.t a temperature greater th:-an 250°F which comprises the step of:
20  adding to said alkaline water containing dissolved oxygen an effective oxygen-

scavenging amount of a water-soluble semicarbazide of the formula
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20 adding to said al kaline water containing dissolved oxygen an effective

oxygen- scavengi ng anount of a water-sol uble sem carbazide of the
Rerr] ¥ O H \ | | /

N2 C- N- N / | \ R err] H

H -~ wherein Rlerr] and R err] are sel ected fromthe group consisting
of Jerr] - Cerr] alkyl, cyckoal kyl , aryl, %cl oal kyl oxy and

al kyl oxy groups. Prefer r mat erials 4- phenyl

sem car bazi de, 4-isopropyl sem c\r ZI d di et hyl

sem car bazi de and carbazoyl m)rp eI 0 406fe\r] F, a catalyst is also
required. Descri pt |1Q of the Dr awi ngs Figure 1is
a schematic of a scavenger screening apparatHs.

Description of the Invention . The inventi on IS general |y

directed t oy %Rngng éwge%tédrﬁé}ﬁkﬁeegméyééﬁ{ﬁné'%ﬂcl C,o alkyl, B¥¢16alkyl,

particularly to tr 2ating boller water to remove drssofve oxygen.
The invention.is hod enpyi ng di ssol ved oxygen from al kal i ne wat er.
15 contai nPﬁ'é’%’c %"ngj)ﬂl@ﬂ Bnperature greater than 400[err]F

whi ch conprises the step of: adding to said al kaline water
cont ai ni ng di SSOW&H&WWMF@G@YI\FQH@@%@@@C 4-isopropyl semigebagidact-4mount
of a water-soluble sem carbazi de of the fornula

5  diethyl semicarbazide and carbazoyl morpholine. Below 400°F, a catalyst is also

required.
Descripti f the Drawi

Figure 1 is a schematic of a scavenger screening apparatus.
10
eripti t] \4
The invention is generally directed to reducing corrosion in boiler systems and
more particularly to treating boiler water to remove dissolved oxygen.
The invention. is a method for removing dissolved oxygen from alkaline water
15 containing dissolved oxygen at a temperature greater than 400°F which comprises the
step of: adding to sai& alkaline water containing dissolved oxygen an effective oxygen-
scavenging amount of a water-soluble semicarbazide of the formula

Ry " H

P
N C N N
| m

T -




R err] 0 H\ | | / N- C- N

- N / | \ R err] H H

6 wherein R err] and R err] are selected fromthe group
consisting of CJerr] - (err] alkyl, cycloalkyl, aryl, cycl oal kyl oxy
and al kyl oxy groups. For the practice of this method, Rlerr]
may be sel ected fromthe group consisting o phol i no, YC| ohexyl
ethyl, isoprwhstein Rpand/R; arg seleetnd fppy tbpgrowngms/of @r oGp@lkylscyc

R[e-rr] is selected fromthe group consisting of hydrogen, ethyl and
nmor phol i no CHrPL §eloa1kgloxyaﬁdﬁmyfbx§ gréupk0 nol es of semi carbazi de per nole of

di ssol ved oxygen” na e added said water. Furt hernore, the
al kal i ne wat er rra e
subjected to deae &8?%‘%%%@@?%&% ’g?ﬂ(’) £eé‘¥¥’§é %‘/’8 I’(I:O%I’lﬁmé’:ll d

sem car bazi de . I s added to said boiler water after deaeration to -
renove r enni mpiRpolineceyciohexyxsthi isopgopy), methiyd, 3-methoxwpropy) angdghegyl groups
nor pholino groups. Alternatively, R err] may be a cycl ohexyl group and

Rlerr] 5 andRyiskelebiedfiogethe gholgh ¢onsisting of hyshegen] ethpbard] rmorpholimy givepet hy |

gr.oups. Mreover, R err] my be an isopropyl group and R err] may be

hydrogen. A§Qm 6%‘%5 b xﬁ@ﬁs Ssethi R ERYde (BE e 6f netﬁa'a(ﬁxygen b%ﬁd&ieto

hydr ogen. - nventiron i's a V|ng

PR L LT LW A PG SEE SR

step of adding t o sai d al kal i ne water containing dissolved oxygen a) an
ef fective oxygmbjectaitordgacrgtiemiounduceitheleveltafdissolvad bxygenrand saidsemicarbgzidene
formul a
is added to said boiler water after deaeration to remove remaining dissolved oxygen. R,
10  and R, may be morpholino groups. Alternatively, R, may be a cyclohexyl group and R,
may be hydrogen. Additionally, R, and R, may be ethyl groups. Moreover, R; may be
an isopropyl group and R, may be hydrogen. Also, R; may be a phenyl group and R,
may be hydrogen. '
The invention is also a method for removing dissolved oxygen from alkaline
15  water containing dissolved oxygen at a temperature from about 250 to about 400°F which
comprises the step of adding to said alkaline water containing dissolved oxygen a) an
effective oxygen-scavenging amount of a water soluble semicarbazide of the formula
O
R, I H
~ -
N C~—N N
o
H
H

R,

wherein R; and R, are selected from the group consisting of C, - C,, alkyl, cycloalkyl,

20  aryl, cycloalkyloxy and alkyloxy groups; and b) an effective catalyzing amount of a
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C- N- N/ |\ R err]

H wherein R err] and R err] are selected fromthe group
consisting of CJerr] - ([err] alkyl, cycloalkyl, 20 aryl, cycloalkyl oxy
and al kyl oxy groups; and b) an effective catal yzing anount of a
cat al yst capabl e of under goi ng,_ oxi dati on-reduction reactions
sel ect ed fr entatysbeapablgpf undergoing pxidafippgediction pastionsessleated fram thy-greue
ni ckel , hydroqui none and conbi nati ons thereof. Herein R err] may be

sel ect ed fr eonditiplifUeppaPestalt] inaggabse hickEl) hydioquiaysd aieonbinationgithereof.
I sopropyl, nethyl, 3-nethoxypropyl and phenyl groups and R err] may be

selected fr t.h | St . r I i no
ar oups. _Fr ofEif o 5y ElE e ol oBheistid R iiphdlind! by BRUBGE RN
oxygen may be added to said water. Furthernpre, t he  al kal i wat er
may be boi | ésopieRydrmetiyh 8-BehPRProRi ad aheﬂ'}ggr%mm&&mwe& gled drognhe
to reduce the | evel of dissolved oxygen and said sem carbazide is added to
sai d boi$ er group consizting ofliydrogate eshybaridomoipholimorgroaps. eFmim2 61 @lisdes ofed
oxygen. Alternatively, Rlerr] and Rlerr] 10 nmay be norpholino groups.
Addi ti onal | Yer R ffabde Y mdfe afa%[&l@afw&yr%eﬂgeyee AdgkdRb Q4ilwdi®yY Hfthermore,

hydr ogen. reover, Rerr] and err y be ethyl groups. In addition,

Rlerr] may be ) I sopropyl), grau n err] na e d en. Al so
Rlerr] may Eté" ajﬂ%‘ﬁ?n‘ﬁtergmﬁﬁ be %;&er%raép{)] 903{“ wa][erﬂﬁglﬁw%d?@ge&if%% Seaération
Anot her aspect of the invention is a nethod for renoving dissolved oxygen
from 15 alkedupethedevesl of disselved oxygen sndsaid semicoxparidais added tpeaid borler
greater than 400[err]F which conprises the step of: adding to said

al kal i ne watgpgerG@iet dbdtrdtidndd s&RbWAEMRKIGCdissived oxygen. Alternatively, R; and R,

ﬁ[er] 0 H \ | | /
H

\I

10  may be morpholino groups. Additionally, R, may be a cyclohexyl group and R, may be
hydrogen. Moreover, R; and R, may be ethyl groups. In addition, R, may be an
isopropyl group and R, may be hydrogen. Also, R; may be a phenyl group and R, may
be hydrogen.

Another aspect of the invention is a method for removing dissolved oxygen from

15  alkaline water containing dissolved oxygen at a temperature greater than 400°F which
comprises the step of: z;dding to said alkaline water containing dissolved oxygen an
effective oxygen-scavenging amount of a water-soluble semicarbazide of the formula

R 0 H
' I -
N C T N\

H

R, H

wherein R, and R, are selected from the group consisting of C, - C,, alkyl, cycloalkyl,

20  aryl, cycloalkyloxy and alkyloxy groups; and an effective neutralizing amount of a
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effective oxygen-scavengi ng amount of a water-sol uble sem carbazi de of the

formul a Rlerr] 0 H\ ] /
N- C- N- N/ | \ Rferri - H
H' - ‘'wherein Rlerr] and Rerr] are selected fromthe group consisting of

Clerr] - Cerr] alkyl, cycloalkyl, 20 aryl, cycl oal kyl oxy and al kyl oxy
groups; and an effective neutralizing amount of a

8 meutralpding aminea Mheaentfalizimgarnina imayi begeleated drom thetgroge tansistidg fof om
t he. group consi sting of cycl ohexyl am ne, norpholine,

di et hyl et h j | i - 6 wei ght
ot of - SRR, SBHHE REMYIEHaamine and mABOEBHlartind. - O 1S9

percent of sal and 0.1 - 40 wei ght perc sai d

neutralizing am ne e aqded to id al kal.i ng, water.. ery],. nmay be
Colected 1 deprenger, ToY - € iy beris e gemI s e 0 - 4 Bright i entt ny1

I sopropyl, nethyl, 3-nmethoxypropyl ) and phenyl groups and err] is
sel ect ed f r caidireatrglizing aminesmay begddstl thgaid elkaline watey.l Ramdy be select thei no
groups. From 0.5 to 10 nol es ,of sem carbazi de per nole of dissolved

oxygen gy hengfidamistife SRdrylias, qylstme)?hkahﬁpgombyn rﬁ%&l?ﬁ-nﬁﬂidx@ﬁre fer.

The boiler wat er may be subjected to deaeration to reduce t evel

of dissol ved_ogxygen and | . k. car, ' | oi l er

wat or aft or “BQ REPRL At 3l R 4Tt RLR AR IBEGOOS oSifplE P HOGOELE o nt

Furthernore, for the practice of this invention, R err] apd er may be

mor phol i no grerphelinggroups aropd-y to 1 molgs ghsgmisarbazids @pmiaaf%we{}%dand

Rl err] may be hydrogen. Rlerr] and R err] may be ethyl groups.

Addi ti onal | yoxyg¥eiay beagddbtoaaid waer. Ofhel allgline water may becbudleRjvater.] Thapoiber

hydr ogen. Moreover, R err] may be a phenyl group and Rl err] may be

hydr ogen. - lgater may be bibjtctedto AR IAEREThE RvEREUiBIvAY b Feediia'said 21 N
ol 'l ém % 0 eedl ng

amnes to a er’ syst e primary purpose

neutralizing apines.to a oiAris. I Ni Ni ze, cQrrosj on . .
) 16 gsex_mcar azide may be a deed to sa:& %oﬁ?zr water a?’ter eaeration to remove remaining

dissolved oxygen. Furthermore, for the practice of this invention, R, and R, may be
morpholino groups. Alternatively, R; may be a cyclohexyl group and R, may be
hydrogen. R, and R; may be ethyl groups. Additionally, R; may be an isopropyl group
and R, may be hydrogen. Moreover, R; may be a phenyl group and R, may be hydrogen.

15 | It is a common practice to feed volatile neutralizing amines to a boiler system.
The primai'y purpose of feeding neutralizing amines to a boiler is to minimize corrosion
in the boiler condensate system. Neutralizing amines can be injected directly to the steam
header or more commonly to the boiler feedwater downstream of the deaerator. Often it

_ is desirable to feed a blended product to the boiler to minimize chemical feed points.

20  Unfortunately, many common oxXygen scavengers are not stable in product formulations
containing high concentrations of neutralizing amines. However, the semicarbazides of
the instant invention are stable in formulations containing high concentrations of
commonly used neutralizing amines.
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in the boiler condensate system Neutralizing am nes can be injected
directly to the steam header_or _nore commonly to the boiler

f eedwat er downstream of the deaerator. Oten it is desirable to feed
a bl ended product to the boiler to mnimze chenmical feed points. 20

Unf ortunately, many common oxygen scavengers are not stable in product

formul ati ons contai ning high concentrations of neutralizing am nes.
However, the seniYetamnthérdepecof this inventionds p msthod for rereening disselvedexigen in
forul ati ons contai ni ng hi gh concentrations of commonl y used

neut ral i zi NfrofdIRAMe water containing dissolved oxygen at a temperature from about 250 to 9
Yet anot her aspect of this invention is a nethod for renoving dissolved

Cemper at ur oo ABR T HAich AR e S B fadi B AP pRp e In ity o

step of adding to said al kaline water containing di ssol ved oxygen 5
a) an ef f ecdissadveskgxpgenscavengi ng amount of a water solubl e senicarbazi de
of .the formul a Rl err] o] : H »
HA\ | 15 /' a) an effective oxygen-scavenging amount of a witer sofuble bemicltbazide of |

\ R err] H H wherein R err]
and Rierr] are sglegifdaf romthe group consisting of Cferr] - Clerr] alkyl,
cycl oal kyl , aryl, cycl oal kyl oxy and al kyl oxy groups; 10 b)
an effective catal yzing anount of a catglryst capabl e of undergoing

oxi dati on-reduction reactionsgsel ected om t he groupygonsi sting of copper,
cobal t, manganese,  ®R{ckel, flydroqui noneand combi nations

t her eof ;- and N C—N N

R, )

H

wherein R; and R, are selected from the group consisting of C, - C;, alkyl, cycloalkyl,
aryl, cycloalkyloxy and alkyloxy groups;

10 b) an effective catalyzing amount of a catalyst capable of undergoing
oxidation-reduction reactions selected from the group consisting of copper, cobalt,
manganese, nickel, hydroquinone and combinations thereof; and
c) an effective neutralizing amount of a neutralizing amine.

For the practice of this method, the neutralizing amine may be selected from the

15  group consisting of cyclohexylamine, morpholine, diethylethanolamine and .

methoxypropylamine. 0.1 - 6 weight percent of said semicarbazide and 0.1 - 40 weight
percent of said neutralizing amine may be added to said alkaline water. R; may be
selected from the group consisting of morpholino, cyclohexyl, ethyl, isopropyl, methyl,

3-methoxypropyl and phenyl groups and R, may be selected from the group consisting of
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C) an effective neutralizing anount of a neutralizing am ne.

For the practice of this nethod, the neutralizing am ne nmay be sel ected
fromthe 15 group consisting of cycl ohexyl am ne. nor photine;

di et hyl'et hanol am ne and met hoxypropylamne. 0.1 - 6 wei ght percent of
sai d sem carbazide and 0.1 - 40 wei ght percent of said neutralizing
am'ne may be added to said alkaline water. R err] may be sel ected
from the gr diygragensitbyliand mdrphelinetgrbupso Fremc teHidapdles of sepricarbazige peryole
met.hyl , 3-met hoxypropyl and phenyl groups and Rlerr] may be sel ected

fromthe gr QfRissoRed ékj' R4y be added to said water. The alkaline water may be boiler water.
10 hydrogen yl and m)rphol I no groups. From2 to 10 nol es of

vater . Tho Avelest etz oey e BecBhis dolieR s RallBe 1%&3%@%’%3%%%9“ ay

be subjected to deaeration to reduce the level of dissolved oxyge
and sai d sewndasnidsemirarbazideraaybritdded &0 said hotberi water Méqeaeaatt@rtoa@a@wat i on
to renove 5 renmining dissolved oxygen. Furthernore, R err] and R err]

may be n®rphehbintngdissebeed oxygen. Fuitietmortd] Ry thd Reynaybeansrphdlidvegrplipgr oup and
Rlerr] may be hydrogen. Alternatively, R err] and R[err] may be

et hyl group ﬂﬁ%&‘ en.
o ovey O PsEIE hly BEY cPoRay 3ABp ARk, SR ARG M len PR U R0
Although t he semc rbazi de co nds, may be added, o oi,l er system at
any 10 pomAY, be eihyLErauRs, ForTRX PO ispBropy Laroue fad Borm ﬁ’eg’é@ﬁﬁﬁ’t‘e oreover,
preferably as it cones fromthe dearator. Residence tines pr| or to
st eam f or natR ;anayp bos phertyd groarpi anid Rg cnayobedliptdrogen. Maxi mum cor r osi on
protection. Sem carbazi de conpounds wi |l reduce oxygen and corrosion

rates even at resj the $@Scabaliésorh ﬁkﬁﬁdg'nﬁ?r'ﬂétaﬁﬁed to the boiler system at AR
anount of sem carbazi de conpound required to fectively scavenge oxygen

15_ {rofyt he, bal § &0 WaleBFcib 1 BREE Bt BHTRYMry 8L 1« 5SB! | v

pr esent

dearator. Residence times prior to steam formation should be maximized to obtain
maximum corrosion protection. Semicarbazide compounds will reduce oxygen and
corrosion rates even at residence times of less than 3 minutes.
~ The amount of semicarbazide compound required to effectively scavenge oxygen
15  from the boiler water is dependent upon the amount of oxygen actually present therein. It
is generally desirable that at least 2 moles of semicarbazide be used per mole of oxygen.
These minimum ievels of semicarbazide compounds will have the added benefit of
reducing general corrosion.
Semicarbazide compounds are effective oxygen scavengers and also reduce
20  general corrosion rates over the entire range of temperatures to which boiler water is
generally subjected. Typically, these temperatures will lie in the range of 190-550° F.
While semicarbazide compounds may be used alone effectively in the present

applxcanon, they may also have enhanced activity when catalyzed. For this purpose, it is
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Is generally desirable that at |east 2 noles of sem carbazide be used per
nol e of oxygen. These m ninmum | evel s of sem carbazi de conpounds wi ||
have the added benefit of reduci ng general corrosion. -
Sem car'bazi de conpounds are effective oxygen scavengers and al so reduce 20
general corrosion rates over the entire range of tenperatures to which

boi'l er water is general ly subjected Typical ly, these tenperatures
will lie i ndQ%bkéﬁg’@Péﬁy catalysts pihigh;undergo redox reactions. ) Usefl patalygifintiebazi de
conpounds may be used al one effectively in the present application,

t hey may al pfeséint\applicetion dsustudecdobult | preferudly inad abbiliged fofar The lamopmqiﬁ):bbalt it

d ble t %’%@ Sk
cgf:allrf/‘stg [ ﬁse?h%l)% &QB%J% eX‘{U appli catQ|9‘§(;nl§}’3‘g@iél“1r C%E&Fﬁ pr e% erably in
o1 02 Lo aBUEPOT: T“exé‘ai‘ﬁgq% Gpbilized cobals eoppplisea s deseribed i flne

Typi cal useful stabilized cobalt tonpl exes are descrl bed in the fol |l ow ng
5 U S.5 paUcSitpatents whichare incarporatediyaefdogncee #et12(106; 4,020 T R1; ¥026,6040@, 711 ;-

4,026, 664 and 4, 096, 090. Copper (11) salts are also
useful cat al )96 990 As used her ei n, the term al kaline water refers to
water with a pH of at |east 8. Q her conpl exi ng agents may

protect on of t noeBSTOIRAHRE ARt ebdted Rt by Rein PR tiae Bt e

|l ike. The corrpl exi ng agents _can include, but are not necessarl ly limted
to, wifery te water avthrpRof ableest8e acid, nitrilotriacetic acid, and such
ot her | ow nol ecul ar wei ght car boxyl ate acids, such as ci tri c acid,

acet IhC aci dl pr optkdticomplixthg dpRhiirfaylss slimied eitheed ﬁmvxde stabilitgripadoilethar s,
or their salts.

10  to provide protection of these formulations against contact with hardness ions and the
like. The complexing agents can include, but are not necessarily limited to, !
ethylenediaminetetraacetic acid, nitrilotriacetic acid, and such other low molecular weight
carboxylate acids, such as citric acid, acetic acid, propionic acid, maleic acid, malic acid,
among others, or their salts.

15 In addition, these materials may be formed and formulated in the presence of
polymers that are water soluble, which polymers would normally be used to treat boiler
waters. These polymers normally contain carboxylate containing monomers, and the
polymers are water soluble. The polymers include homopolymers and copolymers of
acrylic acid, methacrylic acid, maleic acid, maleic anhydride, itaconic acid, and the like.

20  When these polymers are copolymeric in nature, the other monomer units may be chosen
from at least one of the group consisting of acrylamide, méthylacrylamide, acrylic acid,

methacrylic acid, maleic acid, or anhydride, and the like. Polymers and copolymers of

acryhc acxd and methylacryhc acid and other carboxylated polymers may also contain at
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15 In addition, these materials may be forned and fornulated in the
presence of polynmers that are water soluble, which polyners would
normal |y be used to treat boiler wat ers.” These potymers—notrnat-y —
cont ai n' car boxyl ate cont ai ni ng nononers, and the pol ymers are water

sol ubl e. The pol yners include honopol ynmers and copol yners of acrylic
acid, methacrylic acid, maleic acid, naleic anhydride, itaconic acid, and

the |ike. Mastongafithe hdfanated momomerspeciesoich prbut notj limited tos winyl fdfopateer

nononer units may be chosen fromat |east one of the group

consi sting ghd RCsubsAfiitésul fonidBeidadrylamided Ssulfonintet k@rﬁﬁh,chmong others.

met hacrylic acid, naleic acid, or anhydride, and the |like. Polyners and

copol yners of )}:m]é;?ﬁ%é éf%%ﬁ%g%‘%ggwggéﬂﬁﬂlﬁ%ﬁ ln'lagl Qftatn ﬁ{%ggagﬁyféids, other

car boxyl at ed pol

12 | east one of the sul f onat ed monmoner speci es_such as, but not
limted to, oxganid acids gndrbwffering agents, mening acids orthophasphaie josrsourcgs prjother
acryl am des, sul fonated styrenes, anong ot hers. Finally, .

these OxygeRrezftengiafibnl0nrdds, Vgl plioaphdmar Ginipouids, @fidng ottersls, ot her

organi c acids and buffering agents, am no acids, orthophosphate ion sources
or other 5 pr egi.pi ﬁ{ .ﬂ: ' ; | @h&ﬁ ftaf nds,
anong ot hers. Evehlth qge@é&ﬂtsﬁ%g%ﬁgﬁ%&g%}ggﬁmg% ngl %g o&gugﬁjltion
itself may not contain these . . materials, the boiler waters bejn

treated maymsisTals, ghe Q@iﬁrmﬂamsﬁe@fag ey il be 2cHtigRly eaded with af Jgast one
conbi nations of these other ingredients such that the boiler water itself
may cont ai nor combinatignsoofathese oy ingredienta sudhrthatthe heilarfwatérdtselfmeayeeanidin  as

outlined above. 10 Wen we use the termboiler waters, we are
primarily desebhdbihyPddmMRhiin Ty ©F these matekfiRlasiobifél @bow. Or internal to
an operating 1ndustriral steam generating system particularly boi |l er

systemsy§at 2 e RS QL a0l BT\ ilerk WOl ot BRchG o fefer Whee

that is extemﬂ or internal to an operating industrial steam generating system, particularly
boiler systems that are operating at pressures ranging from 50 PSIG up to and including
2,000 PSIG, and above. These boiler \;vaters can include, but again are not necessarily
limiied to, deaerator drop-leg waters, boiler feed waters, internal boiler waters, boiler

15  condensate waters, any combination thereof and the like. The boiler waters are normally
treated by simply adding to the water to be treated a formulation, which formulation
contains an effective oxygen scavenging amount of at least one of our compounds, as
described above, and which may also contain other anti-oxiéants, polymers, acid and/or
base neutralizing agents, sequestering and/or chelating agents, also as described above.

20 The following examples are presented to describe preferred embodiments and

utilities of the invention and are not meant to limit the invention unless otherwise stated

in the claims appended hereto.
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2,000 PSIG and above. These boiler waters can include, but again are not
necessarily limted to, deaerator drop-leg waters, boiler feed

waters, internal boiler waters, boiler 15 condensate Warers, —any
eonbination thereof and the like. The boiler waters are nornally
treated by sinply adding to the water to be treated a formul ati on, which

fornul ati on contains an effective oxygen scavengi ng anount of at
| east one oExauplebnpounds, as descri bed above, and which may al so
contain other anti-oxidants, polyners, acid and/or base neutrali zing

agents, sequestefp @?nmeﬁé@éarswﬁﬁﬂogg:oﬁﬁem@ ((95RoRS) slamhydleashpayrae 20

The foll owi ng exanples are presented to descri be preferred enbodi nents and

ot her i o ctng [ Aol S PHERerd RaeBhS o OhicHER bk 11 B difiohd MR cibpd| ©°

ot herw se s arns a

13 Exanmple 1 . To synt hesi ze .carbazoyl norphol ine, 24 g
(0. 75 nol esyitha condensen @additipn fupnehdhermometer aad stitgeryi S0g Olﬁjlw&rs)eof:‘f’rar ged to

a nitrogen purged 1L round bottom fl ask equi pped wi th a condenser,

addi ti ors f unBAIholinberbHM cRloride tvas dissoleed iSIH0gmI 6 BRF ndhkwaddedfto 4he addition
nor phol i necar bonyl chl oride was dissolved in 100 m of THF, then added to

the additi ﬂ‘p‘rd N8 ' o, b 420 %’I"Q’
<l0[err]C | HeeIA-Tnl%)e];% 0 |nnvgcar 8!)‘%?/?%?& m?:ﬁf%@l e 'I*V\hggtaxﬁg t %gg e cgl?(l)p W se
over a two ur,  period. e, rate .of additiqn was, adj usted as needed
Dokeop t nethendEar P HRFLHOROTIST PR YRESHBR i The RS L AOR e
obtai ned was 17[err]C. The reaction mxture was a slurry of white solid,
whi ch was addjustedias ddded ¢o keeprthé temperatargrbeloie $0°Q. HBheaiakitrivontepiperatureaci d
chloride was conpleted. The white solid - was filtered and washed with
50 m of THpbtaihb8 wikl17eCWahe tiRAoA figRta R8sk 4 SuP f Whitebolid, which was allowed
10 to stir for 1 hour after the addition of the acid chloride was completed. The white solid

was filtered and washed with 50 ml of THF. The solid was then dissolved in 300 ml of

hot absolute ethanol and hot filtered to remove any insoluble material. The product was

recrystallized a second time from ethanol to give 44.2 g of product with a mp of 88 -

110°C. A third crystallization from ethylacetate produced a product that melted at 118 -

.15 121°C. Elemental analysis found: C 41.28%, H 7.68% and N 29.49%, expected C

41.37%, H 7.64% and N 28.95%.

Example 2
To synthesize N-isopropyl semicarbazide, 200 ml of THF was added to a nitrogen
20 purged 1L round bottom flask, equipped with a stirrer, thermometer, condenser and 250
ml addition funnel. 20g (0.625 moles) of anhydrous hydrazine was added to the pot and
cooled in an ice bath. 25 g (0.294 moles) of isopropyl isocyanate and 200 ml of THF
were charged to the addition funnel. The' isocyanate solution was added drop wise over a
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hot absol ute ethanol and hot filtered to renove any insoluble material. The
product was recrystallized a second tine fromethanol to give 44.2 ¢

of product with a np of 88 - 110[err]C. A third crystartizatiomrfrom
et hyl-acetate produced a product that nelted at 118 - 15 121[err] C.

El emental analysis found: C 41.28% H 7.68% and N 29.49% expected C
41.37% H 7.64% and N 28. 95% Exanple 2 To synt hesi ze
N-i sopr opyl| 45 efinoterpersiaid.d@he 2<iction was exdthermsicamtitte date of additibn wgeregulifed as
pur-ged 1L round bottom fl ask, equipped with a stirrer, thernoneter,

condenser ag gedégg gee p the Tmpdatutd o&‘i@‘@lAfﬁgp irkiflg g@&omeﬂ?ﬁ%gwrous

hydr azi ne was to the pot an In~an i ce 0. 294

nol es) of isqpro i socyan T he
ddi L1 on 1 uFHBEL fhere b B dpirctDlE e TRl oG orERat R analy e vh Swal paugt (0g) "
14 45 m nute period. The reaction was exothermc and the rate of
addi ti on wasf insghuble material was filteredy@od dit TIOF land pxeesehydrazine wereremiowedunder
20[err] C. After stirring at room-<tenperature for 30 m nutes, there

was no det eféd%@é&p}eeyﬁé td)éwé a%y@}@ahmné k&l ey Fﬁrg&)et v&s?é@i&dtalﬁﬂ&ilﬂém(% 29)

of insoluble materi al was | tered, and the THF and excess hydrazi ne were

produst wasHEE T & VS d%ﬁff@'dnwfwﬁ’d’fﬁf"’(é@% %ﬁ%ﬁ&é?hbf@sv?da%i% .
of cold THF (-40[err]C). Yield 24 rrp 73 5[ er El enent al
anal ysi s f oGirmentalenalysixfornd 05‘81}3@\}1 I@ eat%e@edlﬁ? 463%4H

9.40 and N 35.90% 10 Exanple 3
9.40 and N 35.90%.

10 Example3
To synthesize N,N-diethylsemicarbazide, 35.4 g (0.1.1 moles) of diethylcarbamyl

chloride and 100 ml were charged to a nitrogen purged 1L round bottom flask equipped
with a thermometer, condenser and addition funnel. 50 g (0.37 moles) of diethyl
carbamy] chloride was dissolved in 100 ml of THF and added to the addition funnel. The

15  acid chloride was charged drop wise over 40 minutes. The exothermic reaction heated
the reaction solution to about 60°C. The reaction was then refluxed for 4 hours. After
cooling to room temperature, the THF solution was decanted from a white precipitate that
had formed. The solution was.then cooled in an ice bath, which caused additional
material to precipitate. The solid (29g wet weight, hydrazine hydrochloride) was filtered

20  and the THF solution concentrated on a rotary evaporator to give 44g (90.7%) of light
yellow oil. Crystallization could not be induced with either ethanol or ether. Analysis
found 0.32 ppm residual hydrazine. BPCNMR spectra was consistent with the desired

product Elemental analysis found: C 30.0%, H 6.5% and N 19.2%, expected C 45.78%,
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To synt hesi ze NN-di et hyl sem carbazide, 35.4 g (0.1.1 noles) of

di et hyl car banyl chloride and 100 mMl were charged to a nitrogen
purged 1L round bottom fl ask equi pped Wi tTh a thernoneter; condenser
and addition funnel. 50 g (0.37 noles) of diethyl car banyl chloride

was dissolved in 100 mMl of THF and added to the addition funnel. The 15
aci'd chl oride was charged drop wi se over 40 m nutes. The exothermc

reacti on hed 999% and Nt32¢0304aElentental ahalysiorestlts e @uhsiGOMtBr lovby dbvat BSHCt i on
was then refluxed for 4 hours. After cooling to roomtenperature, the

THF solutio t had for ned.
The sol uti 02 dm%%n%ne%%g?éwtﬁamt&&ﬂgﬁfﬁdﬁvﬁﬂ%% ggg}slgd addi ti onal
material to precipitate. The solid (29g wet weight, hydrazine
hydrochloride) was filtered 20 -and the THF solution concentrated on a
rotary evaporator to give 44g (90.7% of I|ight yel l ow oil.

Crystal | i zatExampledl d not be induced with either ethanel or ether. Analysis
found 0.32 ppm resi dual hydrazine. [err]C NMR spectra was consistent with

the desised hxso@f%{ﬁeqairasaﬁﬁw&t&evfaﬁﬁ%e EenBYof Parfourr?% and N
19. 2% expected C 45778%

15 H 9.99% and N 03‘V EI s.results ar

consi st ent | PXVER HVEST “I5HTCC is made i['] g&&‘?@%ﬁﬁaﬂh\v%ﬂn%c{‘ a
mat eri al not contai ni C, H or . anple 4 The
appar at us ofterfperatuge (Lzzaﬁbaxmsamraz&mm@aﬂawm eAtrﬁewﬁqnmféhﬂzieedWaWawmus
oxygen scavengers. Reference is nmade to Figure 1. The feedstream was

ambi ent maintaRRA it 4EehtipABShEHhirkEWiIhICOSTiddrant heGHEl GMthe Eskdvates fvas

‘

Air-saturation of the feedwater was mai ntai ned with a conti nuous
purge with ] | T gx%g 4 : ] d
to within t%g“?{fﬁ tovjurh?rgtl% rﬁngf c@@w 'It_?ugr egggeﬁ%&g a e%é%lglﬁ)ushrxdﬁ?/’ag%xgge\y%al
wet t ed

10  parts were constructed from 316 stainless steel. Syringe infusion pumps were used for
injection of scavenger and catalyst. A metering pump pressurized the flow to 85 psig.
The first heating bath heated the water stream t'o. about 214°F in about 30 seconds. The
water residence time in the second bath. was 4.5 minutes, and the effluent temperature
was 251°F. The water stream was cooled slightly below ambient temperature within a
15  few seconds, the pressure was released, and the oxygen concentration of the effluent
water was continuously monitored utilizing an Orbisphere oxygen probe at the exit
sample point.
The data of Table I illustrate a remarkable reduction in dissolved O, for the
scavengers of this invention when utilized in-conjunction with a catalyst in this
20  temperature range.
A further advantage is that if the semicarbazide oxygen scavenger contains a

chromophone, such as the 4-phenylsemicarbazide, the scavenger can also be utilized to
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10 parts were constructed from 316 stainless steel. Syringe infusion punps

were used for I nj ect] of scavenger and catalyst. A nmetering punp
pressurized the flowto 85 psig. The first heatTng patn heatedtie—
wat er streamto about 214[err]F in about 30 seconds. The wat er
residence tine in the second bath was 4.5 mnutes, and the effl uent
tenperature was 251 [err]F. The water streamwas cool ed slightly
bel ow anbi emeonitones feed pEthgimatemal o a peocessreamdynutlizing wespectrephatemenic
rel-eased, and the oxygen concentration of the effluent wat er was
conti nuousl Yndthod swvhad flifokdst&icBgd an O bi sphere oxygen probe at the exit
sanpl e point. The data of Table | illustrate a renarkabl e
reduction in dissolved Qerr] for the liscavengers of this invention
when utilized in conjunction with a catwgp nthis tenperature
range. A further advantage is that if the senjcarbazide
oxygen scayengOxygemSecavengex Equivaience p hjohiemp.sjuDlissalvet iQy | Catalyst
4- phenyl sefp car baq}aﬁneﬁthe sca egtgeéng“eﬁnogﬂ SQePE Jutl I@B)j to
16 TOTTT T O hére Teed—pf—the_TaterT F{'Z qd:m S TEﬂblﬂéJy
utilizing & srpeetﬂ*cp%w offet++€ ret-hod-steh—jas—Huoresephee-
TABLE | Oxygen_Scavehger Equival ence Tenn Di ssaof ved
derr] Cat 4l §phenyl semicarbazider {at rerd:l SciPeniger @& r] (| er poM®)
(ppb) | 4-phenyl sehiicarbazide 2:1 -l 250 210 Co 780PD- 8300
none - ghRRY e eRbaAdP ] 06 2:1 2. T | 250 | 25464 CL%®
none A—phenyt—semcarbazide 2t FI0
Co 4pheny—sermcarbazigé" 2:.1. 2*59 164
U 4-isopropylsemicarbazide” | 2:1 250 7500 none
4-isopropylsemicarbazide” 2:1 250 6500 Co
4-isopropylsemicarbazide® 2:1 250 98 - Cu
4 .4-diethylsemicarbazide’ 2:1 250 7300 none
4,4-diethylsemicarbazide’ 2:1. 250 6500 Co
4 4-diethylsemicarbazide’ 2:1 250 189 Cu
Carbazoyl morpholine’ 1:1 250 8000 none
Carbazoyl morpholine” 2:1 250 <100 Co/Cu
Hydrazine 2:1 250 7500 none
Hydrazine 2:1 250 241 Cu

5 1=available from Aldrich Chemical Co.
2 = synthesized according to the procedure of Example 2
3 = synthesized according to the procedure of Example 3
4 = synthesized according to the procedure of Example 1

10
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4-i sopropyl sem car bazi de' 2:1 250 7500 none
4-i sopropyl sem car bazi de' 2:1 250 6500 Co
4-1 sopropyl sem car bazi de’ 2:1 250 98 Cor—=
4, 4- di et hyl sem car bazi de' 2: 1 250 7300 none
4, 4-di et hyl sem car bazi de’ 2:1 250 6500 Co

4, 4-di et hyl seni car bazi de' 2:1 250 189 Cu
Car bazoyl niixphmile Se' 1:1 250 8000 none
Car-bazoyl norphol i ne’ 2:1 250 <100 Co/ Cu

Hydr azi ne
Hydr azi ne
avail able fro
procedure of©

One. problex%né arlkfociated wit}21 ég@ain conventigﬁa_,l o?c?Qéh scavenger f}&gﬁxentf, _
P L S s B B

Exanpl e 3 4 synt hesi zed according to the procedure of Exanple 1 10
17 up Bxertpine irbformulations containifg eeytralizingamies c Aaxoerpardtive stabilitpi n
conventi onal oxygen scavenger treweatnents. not abl y carbohydrazi de, is

that an yindgsiy HRofARERNWhEEInHYdRlzindHiladp Hethe YRaEndn® was iddhitored oveb® Over.

time in forrmulations containing neutralizing am nes. A conparative

oo O A 6 St

treat nent

p- di met hyl ami nobenzal dehyde_ net hod gASTM Manual of | ndustrjal Water,
D1385- 78, 3Mwlustriny §yatery Bt 3B &8 3% @P7Nadibe results efdple ledenanstpteithat the
car bazoyl norpholine produces a nuch | ower anount of undesirabl e hydrazine
than the  carbaggid weorphaliielprédueas amuth lovidd amount of undesirable hydrazine than the
TABLE 11
conventional treatment.
10 TABLE II
Hydrazine (ppm) Concentrations in High Amine Formulations
Hydrazine (ppm)
Treatment at 0 days at 3 days at 6 days
6% CHz' 54 56 59
6% CHz' in 40% morpholine 94 280 465
6% CHz' in 40% cyclohexylamine 433 1420 2100
6% CM* 60 48 53
6% CM* in 40% morpholine 63 52 57
6% CM”* in 40% cyclohexylamine 63 89 121
- 1 = carbohydrazide, available from Aldrich Chemical Co.
- 2 = carbazoy! morpholine synthesized according to the procedure in Example 1
15

Example 6

The procedure described in Example 5 was utilized to study long term stability.

The scavengers of this invention do not lead to unacceptably high amounts of hydrazine,
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Hydrazi ne (ppn) Concentrations in H gh Am ne Fornul ati ons

Hydr azi ne (ppm Tr eat nent at 0
days at 3 days at 6 days 6% CHz[ err]

54 - 56 59 6% CHz[ err] in 40% nor pholine

94- 280 465 6% CHz[ err] in 40% cycl ohexyl am ne

433 1420 2100 6% CM err]

60 eved 8vhen stored overaderiod of ssxe@l/frecks. Thusdely arerpbiel adwantageous than
63 - 52 57 6% CMerr] in 40% cycl ohexyl am ne

63 ti aljcgf’o hidrazide freatmfedd, bohydr azi de, avail able from

Al drich Chem c?nv&? 1o 3 5; car bazoyl norpholine synthesized according to
the procedure in Exanple | %gﬁ};‘@ﬁ] The procedure
described in Exanple 5 was utlllzedto ong termstability. The
scavengers of this invention do not |ead to unacceptably high amounts of
hydr azi ne, : Hydrazine (ppm) Concentrations in High Amine Formulgfions .
even when stored over a period of several weeks. Thus, they are nore .
advant ageous t han the converftTonar_car DONYR,at4m0 thHent . ¥
TABLE 11 ufm%wﬁ—eqﬁe%%’ c ' ' |
For mul at i origIreatment a eeks at 5., i 358 WSE at 13 weeks
Treat nent || 6% CM*/40% morpholine at |0 we6ks f{at 55@eeks| at-8 wieks 54at 1B
weeks ém@%@%\ﬁm phol Ifne 63 63 248 -50 365 -
Sas O (AT ORI ] 94 ©3 2016|220

- 6% / Y 'r“n 433 4a 6300 5300 =

- 6% DESG) 1489 EHA er (] 114 114 149 149178 178
-5 51 = Carbohydrazide, available fromAldrich Chem cal Co.

1 = Carbohydrazide, available from Aldrich Chemical Co.
2 = Carbazoylmorpholine synthesized according to the procedure in Example 1
3=4 4—d1ethylsem1carbazxde synthesized according to the procedure in Example 3
4 = cyclohexylamine

10

Changes can be made in the composition, operation and arrangement of the
method of the present invention described herein without departing from the concept and

scope of the invention as defined in the following claims:
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2 = Carbazoyl nor phol i ne synthesized according to the procedure in Exanple |

3 = 4,4-diethyl sem carbazi de synthesized according to the procedure in
Exanpl e 3 = cycl ohexyl am ne 10 Changes tan be—rade—+n

t he corrposition eration and arrangenent of the nmet hod of the
present i nventrﬁwﬁﬁﬁﬂ nﬁﬁﬂufﬁml n without departing fromthe concept and
scope of the in din the follow ng clains:

19 . " A"methotl for renQldimg di ssol ved oxygen from al kal i ne

wat.er cont ai ni ng 2 di ssol ved oxygen at a tenperature greater than

4000 e 117 Wil oh SRLFES kB HhaBived cxyper Wb Uil il e vt e

cont ai ni ng di sso oxygen an scavengi ng annunt of
a wat er - soI bl e sem carbazide of the forpul a err
0 igsolved oxygen atja temperature greater zn 400°F which comprisgs thestep of: - ]

\ ' Rl err] H H 6 wherein R[err]
and R[ err] akiingstelsaitt aikhlineovatelmntrining dissolved bxyggnah effeetiveloxygé-err] al kyl ,
cycl oal kyl , aryl, cycloal kyl oxy and al kyl oxy groups. 2. The
met hod gf qcareﬂgin mtrsfa[‘@a’térlsormés'énﬁemgnaée{%& gPUp_consi sting of
2 rmrphol I no, cl ohexyl am no, ethyl, isopropyl, thyl , 3-net hoxypropyl
and phenyl groups and R err] is sebect ed fromthe group consisting of
hydrogen, ethyl and norpholi g H

~ —
/N C N N\
R, I H
H

6  wherein R, and R, are selected from the group consisting of C; - C,q glkyl, cycloalkyl,

aryl, cycloalkyloxy and alkyloxy groups.

2. The method of Claim 1 wherein R, is selected from the group consisting of
2 morpholino, cyciohexylanﬁno, ethyl, isopropyl, methyl, 3-methoxypropyl and phenyl
groups and R, is selected from the group consisting of hydrogen, ethyl and morpholino

4  groups.

3. The method of Claim 1 wherein from 0.5 to 10 moles of semicarbazide per mole

2 of dissolved oxygen are added to said water.

4, The method of Claim 1 wherein said alkaline water is boiler water.
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4 groups. 3. The nethod of Caim1 wherein fromO0.5 to 10 nol es
of sem carbazide per nole 2 of di ssol ved oxygen are added to said water.
4. The nmethod of Claim1 wherein said alkaline water is boiler water.

20 - 5. The nethod of Claim4 wherein said boiler water is
subjected to deacration to 2 reduce the |evel of dissolved oxygen and
said sem carbazide is added to said boiler water after deaeration to

renove renmabni ng Thessahodof Ohjtgdnvherein sald&oﬂermmhbﬁdte&fto dearrdtioh twher ei n
Rlerr] and R err] are norpholino groups. . The nethod of Claim1l

wh [ | Th
mothod of st Tilefo O BRgNLA Bty A 5%%%%“5?&9?‘95&% said boiler ater 11
Th t hod 1 vwh I d

nydr ogen. %er%e%ttowm?q%ﬁvﬁa %Hxlaéwf” b n R orr] i 8 phenyl oroup

and Rl err] is hydrogen. .A nethod for renoving dissolved oxygen
from al kal i ne water contai ni ng .

6. The method of Claim 1 wherein R, and R, are morpholino groups.

7. The method of Claim 1 wherein R, is a cyclobexyl group and R, is hydrogen.
8. The method of Claim 1 wherein R, and R, are ethyl groups.

9. The method of Claim 1 wherein R, is an isopropyl group and R, is hydrogen.
10.  The method of Claim 1 wherein R, is a phenyl group.and R, is hydrogen.

11. A method for removing dissolved oxygen from alkaline water containing

2  dissolved oxygen at a temperature from about 250 to about 400°F which comprises the
step of adding to said alkaline water containing dissolved oxygen
4 a) an effective oxygen-scavenging amount of a water soluble semicarbazide of
the formula
HlllllHlIlﬂlllHlilliM SN -
N C N N
R, | Du
6 H
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2 dissolved oxygen at a tenperature from about 250 to about 400[err]F

whi ch conprises the step of adding to said al kaline water containing

di ssol ved oxygen 4 a) an effective oxygen-scavenging anount- of a
wat er- sol ubl e sem car bazi de of the formul a

R érr] O H\ | | / N- C- N
- N/ | \ R err] H H 6 wherei n

Rierr] and Riipréh Ryrad 5 s sedebtéd Homitheg@ig ¢pnsanm aitd o g allel ayeloalkyl er ]
al kyl', cycl oal kyl, 8 aryl, cycloal kyl oxy and a kyloxy groups; and

b) angef f L fgcat al yst capabl e of undergoi ng
10 8 “?@x ’)c/f??ﬁ%g*% :@kﬁl@fg};g& ons sel ected fromthe group

consi sting of copper cobalt nanganese, ni ckel, hydroqui none
and combi nat i ons Wher efetfective catalyzing amommfmaiw capably of yadensoigg:r ei n
Rlerr] is selected fromthe group consisting of 2 mor phol i no,

cycl ohexgl ami no, cxidytion-reduepion psdctionedelected fBormelidgeoup comydtingrod copysnydobalt,
groups and Rlerr] is selected from tggh group consi stl ng of hydrogen, ethyl
and nor phol i no D bEETatn aim1l wherein
from2 to 10 nol ég Qéénﬁl(?lé?lbg d(gnperearrrlf‘)-Elaﬁtl 43Hglth%l}es?s&?loI ved oxygen are
added to said water.

12.  The method of Claim 11 wherein R; is selected from the group consisting of
2 morpholino, cyclohexylamino, ethyl, isopropyl, methyl, 3-methoxypropy! and phenyl
groups and R, is selected from the group consisting of hycirogen, ethyl and morpholino

4  groups.

13.  The method of Claim 11 wherein from 2 to 10 moles of semicarbazide per mole

2 of dissolved oxygen are added to said water.
14.  The method of Claim 11 wherein said alkaline water is boiler water.
15.  The method of Claim 14 wherein said boiler water is subjected to deaeration to

2 reduce the level of dissolved oxygen and said semicarbazide is added to said boiler water
after deaeration to remove remaining dissolved oxygen.

16.  The method of Claim 11 wherein R, and R, are morpholino groups.

17.  The method of Claim 11 wherein R, is a cyclohexyl group and R, is hydrogen.
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14. The net hod of C Id al kaline water is boiler water.
15. = The net hod of ommﬁﬂl”m ,mmmgl d boiler water is subjected to
deaeration to 2 reducte ¢ hé | &vet di ssol ved oxygen and said

sem carbazide is added to said boil er wat er after deaeration to renove
remai ni ng di ssqQBvedThamehiod of Claim llﬂﬁereanTEﬂiHPirB@tﬁleﬁmﬁsal m 11 wherein

Rl err] and R err] are norpholino groups. The nmethod of Claim

11 wherein Rerr] is a cyclohexyl group and R[err] i s hydrogen.
22 18. The nethod of Claim1ll wherein R err] and

Rlerr] are ethyh gr f. 11
wher ei n R[err]xlbs awggﬁpl?%%%/ “&})lu‘g an %f%‘r%rfi’@%%%qﬂlsﬂﬂ&

20. The nethod of Claim1l1l wherein R err] is a phenyl group and Rlerr] is
hydr ogen. 21. A met hod for renoving dissol ved oxygen

from al kal i ne ter_containing ., 2 di ssol ved ox gen at a
tenperature gré termmﬁﬁ%@éﬂﬂﬁmﬁkemgoﬁlﬂ firogen.

adding to said al kali ne water contai ning dissol ved oxygen an ef fective

oxygen- 4  scavengi ng amount of a water-sol uble sem carbazide
of the fornul a R err] O
H \ | | 21. A miethod for removing dissolved oxygen from alkaline water containing

2  dissolved oxygen at a temperature greater than 400°F which comprises the step of:
adding to said alkaline water conraining dissolved oxygen an effective oxygen-

4  scavenging amount of a water-soluble semicarbazide of the formmula

o
R
1 ~ " /I—I
/N —C —-—N-——N\
R, | H

& wherein R, and R; are selected from the group cousisting of C, - C,q alkyl, cycloalkyl,
aryl, cycloalkyloxy and alkyloxy groups; and an effective neutralizing amount of a

8§ neutralizing amine.

22.  The method of Claim 21 wherein said neutralizing amine is selected from the
2 group consisting of cyclohexylamine, morpholine, diethylethanolamine and

methoxypropylamine.
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6 -whereiin Rerr] &nd®R{'err™ &are*sel ected fromthe group consisting of

Clerr] - Cerr] alKylThe yetod ¥ Cl4im 21 wherein 0.1 - 6wagmp%whzomak@ﬁmaﬂemand

al kl oxy groups; and an effective neutralizing amount of a

neutral i zi ng M Q). 49 weight t of said n uu%ﬁm{x%mﬁe%mt%mmmc%ﬁhere' n
said neutralizing amne’I's se ecte romitne group

consi sting of cycl ohexyl am ne nor phol i ne, di et hyl et hanol am ne and

met hoxypr opyl am ne. The nethod of Caim 21

i ght por cent Gaﬁeégﬁﬁeﬁé@‘éﬁm&m Laheinin by 8 %, St o sofishl o
0

24. The nethod of Cl aim 2]l vvhereln R[err |s sel ected fromthe, grou
consi sting of2 morpbolinogyele %M*GW SOBRDPYlemFH: '@FFW’P‘YPW%M ny

met hyl , 3- et hoxypr opyl and phenyl groups and Rlerr] is selected
fromthe group capoupsgad gxsgelemgdj&mdmgmmtcynsmgoﬁurdmm«uyiandmowholmo

gr oups. 25. The nethod of Claim 21 wherein fromO0.5 to 10
ol es of seni4carga@gpsde per nole 2 of dissol ved oxygen are added to
said water. 26. The nethod of C aim 21 wherein said al kaline

water is boiler water.

25.  The method of Claim 21 wherein from 0.5 to 10 moles of semicarbazide per mole

2  of dissolved oxygen are added to said water.
26.  The method of Claim 21 wherein said alkaline water is boiler water.
27.  The method of Claim 26 wherein said boiler water is subjected to deacration to
2 reduce the level of dissolved oxygen and said semicarbazide is added to said boiler water
after deaeration 1o remove remaining dissolved oxygen.
28.  The method of Claim 21 wherein R; and R, are morpholino groups.

29.  The method of Claim 21 wherein R, is a cyclohexyl group and R, is hydrogen.

30. The method of Claim 21 wherein R, and R, are ethyl groups.
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27. The nethod of Cl aim 26 wherein said boiler water is subjected to

deaeration to 2 reduce the | evel of dissolved oxygen and said

sem carbazide is added to said boiler water after deaeration to
refrove ‘remai ni ng di ssol ved oxygen. 28. The nethod of Caim?21
wherein Rlerr] and Rerr] are norpholino groups. 29. The

met hod of Claim21 wherein Rerr] is a cyclohexyl group and Rierr] is
hydrogen. 31.  The met®d of Cléim Zlewherdind}, iCkn isoprop y&gmueuandlﬁzes hydragen. R er r ]
are et hyl groups. 24 31. The nethod of Caim21
wherein R err] is an isopropyl group and R err] is hydrogen. 32.
The net hod of Claim21 wherein R err] is a phenyl group and R[err] S

hydr ogen. ad ol ved al kal i ne
wat er cont a%j ngtP 8@93’?@% gmﬁ/l s?é’?ﬁ%’@ﬁﬁ?}f emm ZSP{S{?% 50 to
about 400[err] F whi ch conprises the step of adding to said al kaline
wat er cont ai ni ng di ssol ved oxygen 4 a) an effective

oxygen- scavengi ng anpunt of a water sol ubl e sem carbazi de of .t he

formula. 33 er AlmethodXor removing issolved ¢xygen from alkaline water containing
2  dissolved oxygen at a temperature from about 250 to about 400°F which comprises the

step of adding to said alkaline water containing dissolved oxygen

4 a) an effective oxygen-scavenging amount of a water soluble semicarbazide of
“the formula
O
Ry I H
D -
‘ /N C N N\
R, ' H
6 H

wherein R, and R, are selected from the group consisting of C; - C,g alkyl, cycloalkyl,

8 aryl, cycloalkyloxy and alkyloxy groups;
b) an effective catalyzing amount of a catalyst capable of undergoing
10 oxidation-reduction reactions selected from the group consisting of copper, cobalt,
manganese, nickel, hydroquinone and combinations thereof; and
12 c) an effective neutralizing amount of a neutralizing amine.
34.  The method of Claim 33 wherein said neutralizing amine is selected from the
2  group consisting of cyclohexylamine, morpholine, diethylethanolamine and

methoxypropylamine.
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N- C- N- N/ | \ R err] H H wherein R err]

and R err] are selected fromthe group consisting of CJerr] - (err] alkyl,
cycloal kyl, 8 aryl, cycloal kyl oxy and al kyl oxy groups; ' b) an
effective catal yzing anount of a catal yst capable of undergoing 10

oxi dation-reduction reactions selected fromthe group consisting of copper,

cobal t, manganese, ni ckel, hydroqui none and conbi nati ons
t her eof , and5.12 The method)of Claim 3 Whereindk 1 R 6uveight percent afsaidwentitarbazide and
neutralizing am ne. 34. The method of O aim 33 wherein said

neutral i 3i ngy gy ‘%véx%xt?%fc%ﬁi Stkald f¥Bhlifing Amitk 4 Hd&égté'sﬁi'd' ANEAIRE water.

cycl ohexyl am ne, 1 ne, diethylethanol am ne

met hoxypr opyl am ne.

25 35. The nethod of Ctaim33 wherein 0.1 -6 weight percent of
sai d senicarbazide and 2 0.1 - 40 wei ght percent of said neutralizing
am ne are adifed tTBheumethodiof §laime33mhercin R, is selected from th¥igeoupatonsidting o] ai m
33 wherein Rerr] is selected fromthe group consisting of 2 nor phol i no,

cycl ohexyl , fofpHbline, Y9BloREN], ethyl] ¥¥bropPl, BRI BetHOKy PRI AidpHE %g%r@and

and Rlerr] .is Select ‘ed fromthe group consi sting of hydrogen,

10 ol es-of ‘el sHageagoptie sk oy EhPor Rlarghe &@*ﬁﬁﬁ]ﬁ@h&%%%kg%o

said water.

37.  The method of Claim 33 wherein from 2 to 10 moles of semicarbazide per mole

2  of dissolved oxygen are added to said water.
38.  The method of Claim 33 wherein said alkaline water is boiler water.
39.  The method of Claim 38 wherein said boiler water is subjected to deaeration to
2  reduce the level of dissolved oxygen and said semicarbazide is added to said boiler water
after deaeration to remove remaining dissolved oxygen.
40.  The method of Claim 33 wherein R, and R, are morpholino groups.
- 41,  The method of Claim 33 wherein R, is a cyclohexyl group and R, is hydrogen.

42.  The method of Claim 33 wherein R, and R, are ethyl groups.

43.  The method of Claim 33 wherein R is an isopropyl group and R, is hydrogen.
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38. The nethod of Caim33 wherein said alkaline water is boiler water.

39. The nethod of C aim 38 wherein said boiler water is subjected to
~deaeration to 2 reduce the level of dissolved oxygen and said
_sem,cgrbazide is added 1o said boil er wat er after deaeration to renove

remai-ni ng di ss The nmethod of C aim 33 wherein

Rlerr] and R e ql mr"iﬂlm o] groups 41. The nmethod of Claim

33 wherein Rerr] ¢s 1a aycC exyl group and Rl err] is hydrogen. 42.

The nethod of Caim33 wherein Rlerr] and Rlerr] are ethyl groups.

43.  The met hod, of K Bﬁz i 4 phényBroup@pd ®ys hyirogan. and
Rlerr] is drog-é’ﬁ e%&lg@éﬁlmgﬂe% : Tﬁe r)T’etgrhog of O aim 33 wherein
Rlerr] is a phenyl group and Rferr] |§ hydr ogen.
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