CHLOROHYDRI N PROCESSI NG EQUI PMENT COWPRI SI NG STAI NLESS STEEL FI ELD

[ 0001] The present invention relates to chlorohydrin processing equi pnent
conpri si o eNnbBd3s st eel . BACKGROUND [ 0002] Many chen ealr/ysc@am®s=es

i nvol ve or create challenging environments. In order to operate optimally,
or even acceptably, equi pnent used in such processes nmust be conprised of
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tenperatures, pH, and salt and/or halide concentrations may typically
enpl oy equElpbent based in whole or in part on enanel ed steel, graphite, or
titaniumin order to obtain the desired equi pnment perfornmance and/ or
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generate pro ess a streans conprising cort I oNns™ 0

hal ogenatsethldsy pedduct s and/ or chl oride salts that nay be corrosive to

equi pnent conprised of non-specialized materials |ike carbon, steel and
many granﬁHQ% )l ess steel. Degradation or fouling of process equipment
can not on e |neff|C|ent in time and cost aspects, but also, can result
in contam nation of the desired product(s). Unfortunately, the use of
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coati ngs stan F oces condirti ons ¢r eat ed
i n many @bmnmaionpmmmmﬂy emplopaqmpmeﬂté;asedsmwhole«punmmmn anemkldd btecl,

particul arly. advant ageous il e L. N.processes .t hat nerate or include
hroh oh Hngiee SEFRRRERRABY e B8 davRe BB E N PR e Bhes B00E BbFudis. "such
as those utilized and/or created in the production of chlorohydrins.

[0003] For example, the production of chlorohydrins may typically generate process

and/or waste streams comprising concentrations of halogenated byproducts and/or chloride
salts that may be corrosive to equipment comprised of non-specialized materials like carbon,
steel and many grades of stainless steel. Degradation or fouling of process equipment can not
only be inefficient in time and cost aspects, but also, can result in contamination of the
desired product(s). Unfortunately, the use of specialized materials such as graphite, titanium
or hastelloy and/or materials provided with protective coatings, such as enameled or glass-

lined steel, in such processes can be cost prohibitive.

[0004] It would thus be desirable to provide chemical processing equipment comprising
non-specialized materials and/or materials not provided with protective coatings that could
yet withstand the harsh processing conditions created in many chemical processes. In
particular, such equipment could be particularly advantageously utilized in processes that
generate or include high pH, high salt, and/or high oxidation potential process streams, such

as those utilized and/or created in the production of chlorohydrins.

BRIEF DESCRIPTION



BRI EF DESCRI PTI ON WD 2012/ 015553PCT/ US2011/ 042135 [ 0005] The present

i nvention provides a process for the production of chlorohydrins, wherein
at | east woporzdisss3of a surface contacted by a chl or ohy@cirnspeiomesss ng
stream conprises a stainless steel. Mre particularly, the present
processes for the production of chlorohydrins can involve process streans,

i.e., str of .reactants, products, byproducts, diluents,. contam nants or
oy ot el orTeh e Bl AR o, RERE ChE sty oF enE isea ¢ ot
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[ 0006] I n one aspect, the present invention provides a process for the

product i CHUBKS LOBRAMBRBR YU raN . othes COPPORES dnteoghqsei 18l apdinfegdiciateg by, the

chl or ohy QrdBssPHACRSS ofid bEAR AR i LR e&ﬂt&n,q;ig& ph RSk 0BdRRA oRAtiAfandosur f ace
conprising an austenitic stainless steel wth the process stream The

st ai nl essleyptedlemperepis. siéJastnoynheap supriangdiiosed thabeieingtasdesysgelncay ogen,
from aboyf 18, t}é’tfi/%l% Borﬁmygr &é 'eﬁtir%%}ff:&{eodp i gfeE&na &égsir#é?cégo\f)ﬂe% to

about 22.5 wt% nic fromabout 6.0 wt%to ut 7.5 wt% denum from
about 0. Ouiliggdoe sush@besatse0. 02 wt % car bon, with the remai nder being
incidental inpurities and the balance iron. [0007]1n some enbodi nents, the

stai nl eSS[O(ﬁkgel ICHPAsh &£ Sthb AR ABAHN 100 %%VY&Gg/OatIQO&QQ Wr e ?%d‘&ét%hrﬁf{i ogen,
fromabout 23.5 W% to about 24.5 wt% chromum fromabout 21.5 wt% to

about 22 cBloyghydim. ck&he precssh apyoRfises. Bnepnag ¢ eboghyBins prycoss nitepdemdm  and
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f r om abowtroct®. Sreamn% The sthioless 20c]Scomp¥seshiramiaboyt .1 dmtboudbot7052 Wit t o

about 18.°% % i ckel om %,t. 0 _abhout 7. % bdenum and
from aboﬁ'? r%%lg)fp Ovl(‘f l%ot“%l% (‘)’\ﬁ{"qg%@té}? 'Ol%%g"r %%%@uFbgng]] abgw\é%pi‘gg)%ﬁosgﬂl %rjeam may
have a pR2ofwit eiakdr frérhabodlb@uwt®®to abougt.e attBrmadlplatenabofitm 2Bout Or01enen
greater th t ; sal. oncentration.of at . |east. abo % or at
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about 70Gonor at |east about 80C, or up to about 90C, and/or an oxidation
potential of up to about 100 nVW/ AgAgCl, or up to about 200nV/ Ag- AgCl, or

even Up tg,@boul, J00TNIAGAGC, The B 9C895 SILLAM TRY, GRIPLLR, ANy, Str eam
i nt roducédO and/ or'"generate tby fhé pt'ocess, NG MRMsome enbddr meht's, may
conpri se 022weatst witrsgenefrom about 23.5 wt% to about 24.5 wt% chromium, from about 21.5 wt%

to about 22.5 wt% nickel, from about 6.0 wt% to about 6.5 wt% molybdenum, and from

about 0.01 wt% to about 0.02 wt% carbon. In other embodiments, the stainless steel

comprises from about 0.48 wt% to about 0.52 wt% nitrogen, from about 19.5 wt% to about

20.5 wt% chromium, from about 17.5 wt% to about 18.5 wt% nickel, from about 7.1 wt% to

about 7.5 wt% molybdenum, and from about 0.01 wt% to about 0.02 wt% carbon.

[0008]  The process stream may have a pH of greater than about 9, or greater than about
10, or even greater than about 11; a salt concentration of at least about 5 wt%, or at least
about 10 wt%, or even up to about 20 wt%; a temperature of at least about 70°C, or at least
about 80°C, or up to about 90°C; and/or an oxidation potential of up to about 100 mV/Ag-
AgCl, or up to about 200mV/Ag-AgCl, or even up to about 300mV/Ag-AgCl. The process
stream may comprise any stream introduced and/or generated by the process, and in some

embodiments, may comprise a waste stream.



WO 2012/ 015553PCT/ US2011/ 042135 [ 0009] The stainless steel may be a portion
of a surface of any processing apparatus utilized in the production of

chl or ohydwons12/dissBudi ng e. g., a conduit, reactor, heat pexaisangmn213s
separation apparatus, chiller, punp, and the |ike or conbinations of these.
In some enbodi ments, the stainless steel may be a portion of a surface of a
separati pa tus such as a distil.latjo or a di.viding wall
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presence of water to formglycerol dichlorohydrin yl.ene
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provide tctaapeeggmaw M’%ﬁ Bf a duPfaQd T8 Rat e%&ﬁng&' chl orohydrin is produced by
reacting glycerol with hydrochloric acid to form glycerol dichlorohydrin
and treat] ng the gI cerol dichlorohydrin with a base to provide the
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materials in the chiforohydrin process are"a significant advantage to the
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referencé to THE 3EEEHPENRYI"g° di aw
present processes themselves, but this advantage can be even further leveraged by use of the
chlorohydrins produced thereby to produce additional products. And so, in another aspect, the
present invention provides a process for the production of a downstream product using a
chlorohydrin produced utilizing the process described herein. For example, the chlorohydrins
produced according to the processes described herein can be utilized to produce alkylene
oxides, such as propylene oxide or butylene oxide or epichlorohydrin. The alkylene oxides or
epoxides produced may, in turn, be utilized to produce glycols, polyols, epoxy resins or

synthetic glycerol.



[0013]FIG 1 is a graphical depiction of the effect of applied potentials
on crevice corrosion current densities of 254 SMO and grade 2 titaniumin 5
wt % sal t wol2otaassssand [0014]FIG 2 is a graphical depi eciras2afi/otties ef f ect
of applied potentials on |ocal corrosion current densities of 254 SMO in

| Om % salt solution; [0015]FIG 3 is a graphical depiction of the effect of

applied Ial ' current densities of 254 SMO in 20w %
salt sol %%gﬁﬁﬁ@i%ﬂﬁﬁﬁj@%?@gﬁ cal summary of the data shown in
FIG 1-3; [0017]FIG 5 is a photograph of individual plates renoved froma
heat excm@mgﬁer ?dhetserandbe)'ﬂreg fexpeos eshetts, andclventagey difithe preoae sisvestiorewiti and

exchanger *sP e Be G BN oRen Tt P ek B B P R R S Lo

the accompanying drawings, wherein:

[0013] FIG. 1 is a graphical depiction of the effect of applied potentials on crevice

corrosion current densities of 254 SMO and grade 2 titanium in 5 wt% salt solution; and

[0014] FIG. 2 is a graphical depiction of the effect of applied potentials on local corrosion
current densities of 254 SMO in 10wt% salt solution;

[0015]  FIG. 3 is a graphical depiction of the effect of applied potentials on local corrosion
current densities of 254 SMO in 20wt% salt solution;

[0016]  FIG. 4 is a graphical summary of the data shown in FIGs 1-3;

[0017]  FIG. 5 is a photograph of individual plates removed from a heat exchanger after

being exposed to a chlorohydrin process stream; and

[0018] FIG. 6 is a photograph of individual plates removed from a heat exchanger after

being exposed to a chlorohydrin process stream
DETAILED DESCRIPTION

[0019]  The present specification provides certain definitions and methods to better define
the present invention and to guide those of ordinary skill in the art in the practice of the
present invention. Provision, or lack of the provision, of a definition for a particular term or
phrase is not meant to signify any particular importance, or lack thereof. Rather, and unless
otherwise noted, terms are to be understood according to conventional usage by those of

ordinary skill in the relevant art.

[0020]  The terms “first”, “second”, and the like, as used herein do not denote any order,
quantity, or importance, but rather are used to distinguish one element from another. Also,

(13 ”

the terms and “an” do not denote a limitation of quantity, but rather denote the presence
of at least one of the referenced item, and the terms “front”, “back”, “bottom”, and/or “top”,
unless otherwise noted, are merely used for convenience of description, and are not limited to

any one position or spatial orientation.



DETAI LED DESCRI PTI ON [ 0019] The present specification provides certain
definitions and nethods to better define the present invention and to guide
t hose of wodbreanyssskill in the art in the practice of tReTAISeGI@042135
invention. Provision, or |lack of the provision, of a definition for a
particular termor phrase is not meant to signify any particul ar

i nportan ck thereo he | ess e noted, ter are
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used herein do not dﬁ any orde mFg antity, rtance, but t her
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"an" do ngbmeanet @ils Iof Metrafide@Bf 6fbodta Rk b4 bb, ablautt 29 art fer et@l? nmﬁ@mbhheielpr esence
of at least one of the referenced item and the te " "
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spatial orientation. WO 2012/01 3PCT/U82011/%42135 [0021]If ranges are

di scl osedicagiiemesy; ¢pdic mericwr glantityy ngelsssditheswise defingds dlepeseents arobrpvidecht or
propertyagggﬁﬁp&$&ﬁhve and independently conbinable (e.g., ranges of "up to
about 25 9 or, nore specifically, about 5 wt.%to about 20 wt. %" is

i nclusive of the endpoints and all internedi ate values of the ranges of
"about 5 (#2206 t Shapesient 2svoptiomprovidiey 2) proqase feroldie fretuctio glichlotpdidrinsn

connect i QeheWit Bt FealUAYokdN bSalNFhASEMBcRE IS)hQ SRR A rb&s @R shas t he

meani ng dictated by the context (e.g., includes the degree of error
associ at €ampfitch anwigiBlasserieoht Toft tShé Iparnpvvclaﬁearsul@uanglmcyﬁ)covwﬂ tat cytafier wi se

defi ned, sﬁ“lespﬁ GRS b@ru%h%dot¥ @ﬁlo\ﬁ\@ d%iQﬂe Qﬁfr& Q)tfs ne[ &%%r -U'&efp Senf[

i nvention provides a process e production o chl'or ohydri'ns, erein
at | east paOCpssnigl eqmpmrbntaltmmdflad@ moﬁma@t @dhloyohgdigisl OV lokeytbiese ntamlems@s ng

stream Cglnli){n eYK us%b Inlgyrtt%é Yo be érlcai[ asteful Yo e%n&?ﬁrlocc%g\fag ?%e)uq?n%éi'lt Qﬁéns i ngly

di scover arnl ess steel's can ormportions,
or the entitabdity fof useorme eqmpmamtefopnheqmoctmfsumr oﬁehbrohgqu;mspsmmsmgt alhd zed in

the productio drins t hes stal st eel s. had
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equi prmentprocedsed.r suitability for use in equipnment for the production of
chl orohydrins is surprising and unexpected due to the extrenme conditions

that may 8&35” es% ore palgti 01915r139epr}gcre"s?‘st[egqorb%espl‘rlgcﬁ-'ucp OPSFRR lorohydrins can involve
process streams, i.e., streams of reactants, products, byproducts, diluents, contaminants or
any other component introduced into, and/or generated by, the process, that have one or more
of high salt content, high pH, elevated temperature and/or high oxidation potential. That is,
salt concentrations of about 0.5 wt%, based upon the total weight of the process stream, or up
to about 1.0 wt%, or about 1.5 wt%, or about 2 wt%, or about 2.5 wt%, or about 5 wt%, or
about 10 wt%, or even up to about 20 wt%, may typically be introduced into, or generated by,
chlorohydrin processes.  Further, process streams introduced into, or genecrated by,
chlorohydrin processes may typically have pH values of at least about 8, or about 8.5, or
greater than about 9, or 9.5, or 10, or 10.5, or even greater than about 11. Temperatures of at
least about 65°C, or about 70°C, or about 75°C, or about 80°C, or about 85°C or even up to

about 90°C can be generated or used by processes for the production of chlorohydrins.

[0024]  And so, the stainless steels identified for use in chlorohydrin processing equipment
will desirably exhibit a high corrosion resistance, including resistance to crevice corrosion,

when exposed to such conditions. That is, the stainless steel utilized will desirably exhibit



[ 0023] More particularly, processes for the production of chlorohydrins can
i nvol ve process streans, i.e., streans of reactants, products, byproducts,
di | uent s,woant2zmsssant s or any ot her conponent i ntroduce@Cirntse)iiamdsdr
generated by, the process, that have one or nore of high salt content, high
pH, el evated tenperature and/ or high oxidation potential That is, salt
concentrat| about 5. wt.% based t al t of Qhe process
ctream  obodiTHE ot de ot ormeLARaDs s, S oo b B Al 8 Pabout
2.5 W % 16k ttabouwt rﬁA/\MIﬁ'?Q o0dved RQUhard Bbont G/OOS)ﬂhAﬁﬁmﬁ atlé,‘ppﬂl@d p(bémiaISZEup\/(c% may

typically be i i nto, chl or h oces

Fur t her, ab%ée@ Bk i tel %‘\gé&b@hg@@ta@ g@? neiPerAdr | n
processesr ipy by zselnh\y/AfgaNgslp&I e\(/éﬂ ﬁ]@ﬁ) a@fmt@bo hﬁ/agg 200 6theBin &htaatb@m{ 8.5,

or greater than about 9, or evenvgreat er than about

11.  Tenp&maRagrns %tﬁaratcom%%ltg %faattabesté Wb/? saé'.emp tpaboutdpP Wisoutt arseen or

about 80Gy QkbRPM 0BG Or even up to about 90C can be generated or used by
processes for the production of chlorohydrins. [0024] And so, the stainless
steels identified for use in chlor Oh%gl‘l n ﬁr ocessing equi pmrent wl |

desi r abl yO@xhi bi ke saifjeghstecdy WPk fusther esiratln he ommgeoiallyiaygilablsinsnaiey t o
crevi ce GRMiRA%QYorMaN: EXARE 8Rbct:Osiib wSQNEithd Qfufachhabs the dedilb@pRtai nl ess
steel utilized will desirably exhibit Substantially no current density,
i.e., a Ohrressesingefgyipyenss [reseme wakvodiBsle. dreogaiplspigel wilipdsdllt Hemh 0. 01
my er eresne%@/ne;!hﬁﬁtss&fﬁﬁéht%Qtu&onguggﬁy @‘8\/3@1’{@ beaﬁseﬁpm nRArRRLRAL dedae of up
to about 100 v/ Ag- AgCl, or up to about mv/ Ag- AgC1, or up to about 200
mv/ Ag- AgCxshapgeryysed & ragnyge sopB et ﬂW/hAngﬂ@@n in drlor@bzechlmmoqe@ﬁnmm@msoo
nv/ Ag- AgC1 when in contact with a processing stream conprising at | east
about 5 )‘aral ft: haQ@TnoMP bb@ ARRMinghP dEIPeRAl fhat Qé'rtaﬁlvﬁ%hl-ﬂrpaﬁd'}’fe@-laﬁé%&mt%o Wt %
salt. [0025] The stainless steels Wwll further desirably be commercially
avai | abl derfific giaintesssteals wenbpuitlged suel pigecsses. dreferzg staimless steels iy havg ¢ abI y
used in t t i r

hi é@lﬂ:‘[{{sa(ﬁ‘ ‘Hfo?mf?lfn fnl@l?el d1’1:"1§1 f) ufd! ﬁqllt%gef? F&?ﬁf&aﬂg él’gq?lr“ﬂaog‘{ﬁﬁ eXhI blt

some enbodi nents, the stainless st ut| ized W |
suf fi ci edtonhatmut @é&m%ttpwboly 02 wi§o anB@l lﬁl@@f abloui 1.§ W ftorbat 264 Vd% heat

exchanger g, i &‘Iﬂ ﬂ&nrfc%g;g? ek BhutHH8 ASakicRY ef?o%'&bqu%g%@rt%%gﬁ A

processing s reans as now been’ sUrprisin |scovere
certain m't@ﬁhhglyalehmyeﬁioraamte Ai0fl img%fte mbautt D O2 sitt&i qatbessvﬁt me t@naimi;cr bengiti |l i zed

in such proce Preferr Ealnless teels. qpy hq q con%ents of
incidenfa 1mpur1tres aal ba iR ommefci aval iil:f les
chrom um i ckKel ent and rogen an conprlse from

about 0. ]s&lnMs%stedsalh:dndte Buthz Mt%mtetirtquémL 2340$M®I®0utd dﬂ ﬁ\/[@@% Aoy about

24.5 wt % chrom from aboyt., 17. 5 %to out . 5 % ni ck f rom about
60wt 96 Lo BRI RS BT tsiesrn T i Sati G083 chdan Y SOt 02wt o6
car bon, watzdrbebﬁleseﬂeﬂimdnndﬁronh%r@gohyaﬁm ﬂ@&tsalhg bdupithidnti es and t he bal ance

iron. Commercially available exanples of such stainless steels include, but

are not |} 'ﬁedﬁﬁo 98 54 SMOO a @ ng y t hese
Avant agdbldt v THEHePESS YeTorry CoREAC i diech 2 Basen A &t OB RS Hrtm
whi ch mayohayatdeancisi@da plocee Bivant marbalordﬂyhﬁﬂi ployek.i Budhraonefac mgy &gl pnent .
[ 0027] The stal?less st eel may ¢ ng{ise ?t | east a portion of at | ast one
surface tPRYion of any apparatus com only used 1n a chlorohydrins process, such as, €.g., a condutit,

reactor, heat exchanger, separation apparatus, chiller, pumps, etc. In some embodiments, the

stainless steel may comprise at least a portion of a surface of a separation apparatus, such as a

distillation column or dividing wall column.

[0028] In particularly advantageous embodiments, the surface may be a portion of an
apparatus that comes into contact with a high temperature high turbulence flow of the process
stream, since these conditions are optimal for corrosion, and in particular crevice corrosion,

to occur. Such conditions are typical within heat exchangers, and the stainless steel can thus



comes into contact wwth a process streamin a chlorohydrin process. Such a
surface may be a portion of any apparatus commonly used in a chlorohydrins
process, woahi2ags558. 9., a conduit, reactor, heat exchangemr/Uss@pasaBs on
apparatus, chiller, punps, etc. In sone enbodi nents, the stainless steel
may conprise at |east a porti on of a surface of a separation appar atus,

such as a_di t||| tion di.vi dj | 1. colum. [0028].1n

o ti cul afr i tegBet S dibstt neliveo! { Rt bbb EENBR - e of an
appar at usnewmﬁldmmﬁ off mlﬁd)stﬁl(ﬁl’ékﬁﬁtbelvmi}}‘lba ubddgty Asopataiver ond ghtHeulidatl ence
fl ow of the proc s%rream since these conditions are optimal for

corrosi o ™SgH ¥ OrB]éPF PAGCE S EG e corrosion, to occur. Such conditions
are typical within heat exchangers, and the stainless steel can thus
advant aggeaesl y ke usieldssistechiised ﬁﬁﬁ advan@gedublo be Oiﬁmﬁheﬁwlli/ a@ﬁlablhéﬁf ﬁoefasﬂl}n such
enbodi nent s, i eat con uct %/ of the stai nlrl st ee eg?/ be uscgd to
absor b/ r &¥paated fEmagied ‘Ff %eé%é?ﬁfls forPecapah Mg Luehigeds r eans.
[ 0029] Theysthadendfesdingtyeddill ulselda ﬁﬁMnﬁdg’&ﬂt RORAHShy db@reaqmerdfl fbdeysimvai | abl e
in an easily mani pul ated formatted, such as thin sheets, so _as to be

capabl e d’fl“lB’é‘Flﬁg b 45804 2rA SN Meand P34 AN are commarcially ailahle pgthine

machi ni ngh&¥d filo, f@%m tm@stataﬁdrfte@clpdu%@rgofmpraﬁ&ee%ﬁibngs&ﬁaérﬁnamlmyEaph of
904L, 254 SMXO and MOO are commercial |y available as thin sheets from

e.g., Avesidepditarg gs tosl%@ac#rbefogned into thedleaizddi Meae furegeesingngdunment-| ity or

wel dabi | 'tﬁaée%ﬁlb@&niegts bghdi &R YiafnRESTEMeT REQsH VG, UBBILGH RbEGE oOfcallr PCESSI NG
equi prent. I'n those enbodi ments wherein the stainless steel is desirably
utilized pp@lOprOémhél@ caghapgeisheabexsbanghis sowpridndidastamiasheipg erc consedrcialoc hanger s
conpri si I commercially available fromAl fa Laval,
Lund, S\/\ggm}am% fg(%g% g\?aé\?élggt%‘%r gne'si red pi ece of processing equi pnent, i t
may advant aageousl y be utilized in any of the many known processes for the
product i d90381 cw@mwm idasred pragee ef a¥igsies IngopafneEng Hi Wﬁ@ﬂ%ﬁ%@%%be

typi cal | y;pzapar ks AhWATHRLELS Moy EBhADH U8 dnfbed eggnce of
wat er . Thé1 pr oce%g’ I's hbe I eve to occursnfg means of  an | ntre m=,j late

chl or oni ymmple, okinghlordwdtiss ang b'mwtalﬂbepmmr@}byt@adtmgnm alefiovethichloud iortehydr i n.
The ol efl e

At ernat Frpt of SaBls SR EAASPIHERD soch by ARRHL o7 th SRAREELAMRM, | i ng
chl or i natiedwblchfrearss wrth alhecwhtet gq fcamnanbelefm ehilowélycﬂrevedim oltlﬁnfrmy be one

chl or ohydri.n. 3-chl.oro ene (all Ior| or

al l'yl al coﬂntfnngléac% EN t‘Otaho%th or| noél YoMy ﬁalel%[r)r%aglgéeiﬁ’c@mc()tgonahzt\éd Oﬁl’? Juch© aés may be
provi ded allplid dmapfoondm mcflucanglelﬂonﬁnaltdﬁ;lolesfois Wi kalebhdlQ chioberughdyae ézedlstock for a

di chl or ohydrin with a h m h drOX|de
Lo o iR B o ey Bt 2 St QR Sp1oRF Dt I PSR o o
m;jZCi bl evﬁgll ohﬁﬁiine iaihd ptd@erﬁ:ﬁ@hw@ﬁ?b@dctmr}fl@ betﬂi}ﬁvmﬁﬁﬁ][thff@rm&]b@ﬁeﬁﬁﬁcl t he f
aItIOI’lOte PO us a to . a lon Cal Ql. e nlntepresenceo
vat er .nSt)lﬁaowt@/ i Lﬁ? ighl %rongffi Which gpave erét iflya #%Sg el B W8} vent s
i ncl ude d9gRRe, Wb&m&ogpﬁahlcm@dﬁ@t I phee Procek hens altdrRARdlyOnbRbe Rr Re@sses for

pr oduci ng chl orohydrl ns.involve reacting olefins with
miscible solvent, and in such embodiments, the reaction would entail the addition of the

hypochlorous acid to a long chain olefin in the presence of water in the water immiscible
solvent. Suitable water immiscible solvents include decane, chloroform, and petroleum

ethers.

[0031] Other processes for producing chlorohydrins involve reacting olefins with
hypochlorous acid, wherein the process requires acidifying the olefin with gaseous
hydrochloric acid and carrying out the process at a pH of between about 2 to about 7,
preferably between about 5 and 6. Alternatively, the preparation of chlorohydrins may be

achieved by reaction of olefins with trichloroisocyanuric acid in alcohols, acetic acid or



hypochl orous acid, wherein the process requires acidifying the olefin with
gaseous hydrochloric acid and carrying out the process at a pH of between
about 2 twoaboutiss3 preferably between about 5 and 6. AlPCerusadiiwedips t he
preparation of chlorohydrins nay be achi eved by reaction of olefins with
trichloroisocyanuric acid in alcohols, acetic acid or aqueous acetone

Vari ous ot her hod af fo]lg ng chl ﬂ 6??[15 are al so vvelh

i ncl ude FPEEOHT 8‘?‘? BF e PHUIRE 9SE P R Iv% OB AYRSE |k8?‘6%|§n CI d
subst ant iigdldde¢ rbactien ofefiehiviah it@etyl BichiDARIZhypRaloher Rt dbdamibllyrake 6y

chl or ohyolHQna i nvol ves preparing hypochlorous acid by reacting chlorine and
wat er g°pl%8sence of al kaline earth netal hydroxides then, reacting the
hypochl orous acid m xture with a vinyl group-containing conpound. Yet

anot her 1o0s2e fAnothaen@hc&ipwmingrthtfzﬁo@bhﬁsr16{7ty@brsipr@ailﬁg/mlpmelﬂomhwacﬁce@cti on of
gl ycerine w.t ueou eous dr.ochl ori c. aci t.he presence of

wat er . 6%?§§‘]‘grﬂ’g orgied" |V@§?§ g%ﬁ’ﬁé’lres?th%foéé alingyeaph n?ff"}q W%ﬁ‘gi’sntg%{hﬁeaﬁ?n% he
above pr QRERFOShlods hdid AIMtuRIVEES &mfyDgrohﬁ@orﬂﬁlﬁﬁg(éfo ?amaf YehakRhyslitd ns
known to those of ordi nahéﬁsklll in the art. In erred enbodi nents, the

chl or ohyd?t Fepreriiation qfschagsplyilriay éhgles dhe a%aloelh%f glt/%ﬁrﬁl? SEith aquegys P55 g
portion QhscBuSMidtRER b héill iZ@6 piefon@e 6L AEONYdrin process conprising the
reaction of allylchloride WItR chlorine in the presence of water to form
gl ycer ol hl or.ohyd n, and he tr at ment ycer ol dichl orohydrin
with sodil &?ﬁ%ﬂmyd%&%a OS5t BY faa%méb %mﬂ&%ﬁw’mﬂg qnom@f@?esi?ﬁeqré? Fd
enmbodi rrery:&esstttaet}@ﬁir@dﬁk%@@ﬁ/&ﬂdrﬂhydﬁnpm«dm&h@s\é Jreaghdrgkidl iy Gy &, W th
hydrochl oric acid to formglycerol -dichlorohydrin and treati ngl t he gl ycerol
vy

di chl or oWdeied sRfROHinentsathe C%l rohy din predyase lse%’ilcélffﬂr%‘?yéﬁwhnfi ihe gtnlgssstest her s,
the epi chi ar e b al SrRECHHERE RYa eaafal{,nﬂl Bloeyk adoﬁ@nahg dhS Q&M of N
hydrochloric acid with gaseous chlorine form gl ycerol “di chl orohydrin and
t r eat i ng allnlehlgridecwitly chlgivgenin shoprgesnsmofwater ta fgyaselyecsolslichlarely drineand the

epi chl or qfaydy| Pof t[ng%é%rIlh(ﬁclﬁ hy SR RPS IRPY HEadY% ﬂr@ﬁdcf‘%ﬁc}f?&oﬁ}&h”' ess
steel as a su stltu or ot r nore expensive, nateria

chl or ohydn iothep proéasred eafoedlalemsmhﬁ fepichletohadriraint ragiced by Iaciroggesoliwidel f,  but
can be f b ) I y to

o oduce. ARGOR e AL SRt Yy tal Rinid N aER A B0t B8 oRO0LEERMASEED

but yl ene vothl mbasch;odrronée e epidlgledhydring rlodetmtlnﬁgs ;ﬂrecqmdhmydmm de)rmlded)lm yl ene

oxi de, respecti lCh| roh can. urt her proce vi de
epoxy resfﬁg %aleﬁae%ochﬂ glrsiso\}\‘n[e R B }/’9 }g%oﬁ 7f1 %i%ser%sn(% e exglrm Igé'CQrO whi ch

i ncl ude tdliuhsaeo}gmmrearmu atdtingathai gabérel ldnﬂexro}tyble‘ntwﬂdeana)m 7)) Exr&ﬁd\/ltbmd
D.E.NTM from t he Dow Chem cal Conpany, Mdl and, M. Epichlorohydrin can
al so be L?B’égl]ofor]i‘ygrﬁb production of synthetic glycerol. [0035] The fol |l owi ng
exanples are set forth for the purpose of illustrating the invention; but
t hese exadiBudes Ta‘heeccrsosaxiirrgsqmded:bdtlw the nis¢ of hteinleswﬁaﬂia@m siuhst'murty foresth@r . One
skilled in the eavarlet%/ of subs. tIOI’lZ q

age (10 t]ille

odi £ cano(smxeefl%tvaem%te%sp%@%? folafif el e PEnTirY

i nvent i Ofprocess itself, but can be further leveraged by use of the chlorohydrins produced thereby to
produce additional products.  For example, propylene chlorohydrin and butylene
chlorohydrins are used in producing propylene oxide and butylene oxide, respectively.
Epichlorohydrin can be further processed to provide epoxy resins by reaction with bisphenol-
A or bisphenol-F, examples of which include those commercially available under the
tradename D.ER.™ and DEN™ from the Dow Chemical Company, Midland, MI.

Epichlorohydrin can also be used in the production of synthetic glycerol.

[0035] The following examples are set forth for the purpose of illustrating the invention;

but these examples are not intended to limit the invention in any manner. One skilled in the



[ 0036] Exanpl e 1. [0037] The crevice corrosion behavior of the alloy 254 SMOO
and titanium (grade 2) in 5 wt% salt solution are conpared as follows. The
sanpl es awe 2grooussd3wi th 800 grit silicon carbi de paper aou/ustoisea1est h
distilled water prior to testing. The prepped sanples are tested in a

| aboratory crevice corrosion cell with a PTFE gasket provi di ng a 7 mm

di aneter test surface of th be. t Thet i.s then
subner gedt MrSie s & sprio Of s TRE e nrabilybe P cud it g | g
sol uti on Witkwi fhg se@pe bExGd ivomant rati on of 5 W% at a tenper ature of between
about 74C and about 81C and a pH of between about 11 and 12. Fluid notion
of about rovi ded by a magnetic stirrer. Potentiostatic corrosion
current cﬁ@?@ tﬁ@ﬁ”&ﬁremnts at 150, 200, 300, 325, 350, 400 and 450

nv/ Ag- AgC1 were carried out for a tinme period of 1 hour. The results from
this Exanf3&]ar @hesazrmiwéozl@eﬁoh helfabiGr oflthe pRHSBHAMCQRewh fitaiuh (GMIO2eHl bi t ed

no corr03|p Lcurrent dens
appr oxi navft i?ltOSOﬁmBn are Compaf)e 1%e R e 30t en aafn %%E?P“%%ﬁ%%@ ﬁlhfﬂn whi |l e

grade 2 tchibakipaperexds rlbseti edthaliqilicd enater plecrrsd) ’teytn(gf Tﬂlelppspbﬁi @mpdgeatd teﬂed

potential. of about 450 mV/ A vvs that 254 SMXO i s
DO ul ¢ abI' S BT S G g A LT W ey TR B P Cac OHE" URBEET Rt he 254
SMOO Wi | Isultgc X pRsfgderiad tehdittd. ONige teibIldi theh @ubpktead id I Gy abms&e Wwitet 0 about
12, a te er at ﬂfge of .from about 70C.to about 85C and oxi.dat| potentials

of up tof sV ED RPCR§A-S- § 6US B B Daflograsqntreiien &} SVTt2Gbr 1 05 on
behavi or tghp e&ﬁ@feaiflb@ewe%éboﬁwmo MdlBomt Se@ndd 3PHEbctadeh BOktULi M0 185 €

eval uat ed as foll ows. The sanples are ground with 800 grit silicon carbide
paper andlyifl motien of 1R Bsi1f Provideghiped MAgCHE ST RalqniigtjatiomqE oAt sanpl es

are test ngnsllt? n@eaé@&ﬁ&ﬁéa‘?ﬁ 50,206,300 932%0§§00§0(Pa[?1d‘21%b in\WAEb\g@l REFEagRaket
provi di n% di aneter test surface of the material to be tested. The
|05

test cel %tlf@%@ﬁloéﬁﬁhﬁ?‘ljeahﬁ pesults franpthisgfxaypberase srearized BrRlg. bhl or ohydri n
process, i.e., solutions having NaCl concentrations of 10 wt% and 20 wt %

respecti \{6’(3338% als @h&vﬁm% 8@ cRfibRA We&RroRBR UL, 4fabRA0a ARGMIunBdfrcand a pH
of between about 11 and 12. Fluid notion of about 2 mis is provided by a

magnet i c dgRsity (@A/MmO k 4pRrevimately0. prte o ﬁ@he@mt?@ﬁi olbadl 12§ mEdsurEtent s at
150, 200,53 %rad@ 3 Qltanﬁﬁlg exhé‘tggd g Qgrrerﬂ ﬁQns f‘\@ upA‘%% i p%?e'ilﬂél%ql ARk 4§(P r-a

time period of hour. The results romt I's Exanple are sunmarized in
F| gur es ZnWAgfmlTlﬂs cxdnarih thup sIRIVG, that 252 SMGRADOa éwmblﬂ gubtityio fayradssd on

e., ) up
Lo an apnlige S, AaTRSLHOASH HEDise SERIL S LRSI o Sing 8RR REWTBREML Gt Pon
of Nad . of fromCakv 86 INtCibouR 32, aSkMDGerataiei dfiftostaboot ﬁBert@sbcmm;SS I9C and oxalehgrbi t ed a
maxi mum cu Si ) approximately 0, up to an applied
pot ent i aﬁ) {egﬁ%{]{) 6%%%%g%h G 3). The data shown in Figures 2 and

3, as well as the potential data from Exanple 1 are summari zed and shown in
FIG 4. A0howhxdmplEP G 4, at higher salt concentrations, |lower critical
potentials are required for the initiation of corrosion of 254 SMOO.

[0040]  The crevice corrosion behavior of the alloy 254 SMO® in 10 wt% and 20 wt% salt
solution are evaluated as follows. The samples are ground with 800 grit silicon carbide paper
and rinsed with distilled water prior to testing. The prepped samples are tested in a
laboratory crevice corrosion cell with a PTFE gasket providing a 7 mm diameter test surface
of the material to be tested. The test cell is then submerged in 1 liter of waste water from a
chlorohydrin process, i.e., solutions having NaCl concentrations of 10 wt% and 20 wt%,
respectively, at a temperature of between about 74°C and about 81°C and a pH of between
about 11 and 12. Fluid motion of about 2 m/s is provided by a magnetic stirrer.

Potentiostatic corrosion current density measurements at 150, 200, 300, 325, 350, 400 and



[ 0042] Exanpl e 3. [0043] To denonstrate the feasibility of the use of 254
SMOO under real conditions, a long-termtest on an industrial scale is
conduct edwvORor2/tt1b§53 exanpl e, a plate and frame heat exciramgseoiadongass si ng
pl ates nmade from 254 SMOO was tied into the waste water stream of an
operating chlorohydrin process. After 16 nonths of operation at a

t enper at ur, f 75.t0 80 C, pH between. 10.5. an ... NaCl. concentrations

bot meen So0AMEAE RSk SRa Sl SHG BAirBnPrReobl M ¢ JHS 308 mIo Ty i dence
of corr ogixempRrarcdiamagigeCiaMi@sds@u. wer e observed on the 254 SMOO plates. In
FIG 5 and 6, the intact plates after opening of the exchanger are shown.

Bl ank sp i ndi,cat e direct bet ween adj acent pl ates, where no
deposi & o G 4 1o TAr FTGR R SRR Ty POGRE tepolpled ¢ PaRMERG
process folitterd deimsity imAphat eofapploatetelevemp bohappkadsaentivbpeaciatasatdat not
show crevj ce rrosion and the net r ins | t 044] Whil e only
certain #8@%\?/%&%%&1&!191%?"%(79%9&“8& Oﬂé{?g?b'mge%“it%%g@r g\?‘{egh@%\é\g@g%ﬁ Hed
herein, BARYsiCWdE &xadilcdamantut BARGE Fendity (mAGEHT of Bprbasete§H, lup @dad N t he
art. It is, therefaore, to be understood that the appended clains are

i nt ended 2PRJicd dpisptiafjof akqug KOGy 4¢-AgtT GRS Andhe HaA ghavLIE Fgres 240dm &S t he
true spi i Qfhet PdeentiMUBAL RN ExarhtéM ¥R suthmafz R DQRRSWT RIFIGNE AV @eWEEd on of a
chl orohydrin conprising generating a chlorohydrin process streanm and

cont act i AigO&k 21 haghst st weantiationss logesgiticaloteadntp predPaigrea fefse wifiatipg of

st ai nl esg 5t 881 of28RIMEH NG from about 0.18 wt%to about 0.52 wt % nitrogen,
fromabout 19.5 WMt % to about 24.5 wt % chromum from about 17.5 wt%to

about 22.5 w % nickel, fromabout 6.0 wt% to about 7.5 wt % nol ybdenum from
about 0. 0904% 9% E&maledit 0. 02 wt % carbon, with the remainder being

incidental inpurities and the balance iron, with the chlorohydrin process

stream [G043TheTprieessaRfth€ kaiibilidy ofdersd Bf 2ieSllzouaiRy dal Bofdlitd@mess Stream
has a pH of greater than about 9. 3. Theﬁprocess of claiml, wherein the
chl or ohy dPnenCs Beeysansingsyial pepde iy conducted o FOBHEY BRMBIS: BP1akk anddEpdte ksbut 5

wt % exchanger comprising plates made from 254 SMO® was tied into the waste water stream of
an operating chlorohydrin process. After 16 months of operation at a temperature of 75 to 80
°C, pH between 10.5 an 11, NaCl concentrations between 5 an 5.3 wt% and oxidizing
potentials of up to +200 mV, no evidence of corrosion or crevice corrosion were observed on
the 254 SMO® plates. In FIG. 5 and 6, the intact plates after opening of the exchanger are
shown. Blank spots indicate direct contact between adjacent plates, where no deposits could
form. Although there are still some deposits from the process fluid on the plate surface, even

these susceptible areas do not show crevice corrosion and the metal remains intact.

[0044]  While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is, therefore,
to be understood that the appended claims are intended to cover all such modifications and

changes as fall within the true spirit of the invention.
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4. The process of claim1l1, wherein the chlorohydrin process stream has a
tenperature of at |east about 70C. 5. The process of claim1l, wherein the
chl or ohydwororasssss stream has an oxi dation potential eCTas2ai0/0ad160t
300nV/ Ag- AgC1. 6. The process of claim1, wherein the chlorohydrin process
stream is a waste stream 7. The process of claim1l, wherein the stainless
st eel %@ﬁs fromabout 0.18 wt%to about 0.22 w % nitrogen, from about
23.5 Wt % out 24.5 wt % chromium from about 21.5 wt%to about 22.5 wt %
ni ckel, fromabout 6.0 wt % to about 6.5 wt % nol ybdenum and from about 0.01
W % t o about O.0%ecwt & taphelnction®f a Thiergbydriresspoifingl ai m 1, wherein the
stainl ess steel conprises fromabout 0.48 wt%to about 0.52 wt % nitrogen,
from about 19.5 wt % ogum from about 17.5 wt%to
about 18.5 wt%% {Ouflga 8%}1%1%91&0 &% 0 about 7.5 wt % nol ybdenum and
fromabout 0.01 wt%to about 0.02 wt% carbon. WO
2012/ 015553PCT/ ¢i@2a@ting 0at Aq86a portioTyé apjupfeesseonafrisiged shstenitighiéaidesy stogke
surface conpris I 0 f, claim
1, wherein the S‘\(aToro ﬁ lrn?%og{% u%g/gE% ag?égpl C o/?ol#agen ﬁ@m%{fﬁiq%e\&& ocess
of claim 10, wherabbut 2Hevi@piledrhon frgaraboutils. Sp)vt&(dm(abdltliy SWG%cmclwg fiin y*
chloride with ¢ resence f wat er.al
di chl orohydrin ata}.lbn(]ilj[’{grea nto aQ tl;}S‘W‘rty)(q:renrd d%lunh?oro%oﬁﬁdr?%/ﬁ abOBtooz
provi de the epi wm)@amby,dmmthe rdriRaindeh écipg mma}}:stabfmmﬂnaemnmhe bilexceiiront he
epi chl or ohydrin_i r b react| ng glycerol with hydrochloric acid to
form gl ycerol di" bﬁ h% gtrj?yogﬂyﬁﬂnérﬁﬁesﬁéegm ng the glycerol dichlorohydrin with
a base to provide the epichlorohydrin.

2. The process of claim 1, wherein the chlorohydrin process stream has a pH of greater

than about 9.

3. The process of claim 1, wherein the chlorohydrin process stream has a salt

concentration of at least about 5 wt%.

4. The process of claim 1, wherein the chlorohydrin process stream has a temperature of
at least about 70°C.
5. The process of claim 1, wherein the chlorohydrin process stream has an oxidation

potential of up to about 300mV/Ag-AgCL
6. The process of claim 1, wherein the chlorohydrin process stream is a waste stream.

7. The process of claim 1, wherein the stainless steel comprises from about 0.18 wt% to
about 0.22 wt% nitrogen, from about 23.5 wt% to about 24.5 wt% chromium, from about
21.5 wt% to about 22.5 wt% nickel, from about 6.0 wt% to about 6.5 wt% molybdenum, and
from about 0.01 wt% to about 0.02 wt% carbon.

8. The process of claim 1, wherein the stainless steel comprises from about 0.48 wt% to
about 0.52 wt% nitrogen, from about 19.5 wt% to about 20.5 wt% chromium, from about
17.5 wt% to about 18.5 wt% nickel, from about 7.1 wt% to about 7.5 wt% molybdenum, and
from about 0.01 wt% to about 0.02 wt% carbon.
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13. The process of claim 10, wherein the epichlorohydrin is produced by
reacting allylal cohol dissolved in hydrochloric acid wth gaseous chlorine
to form gvpeeraiissschl orohydrin and treating the gl ycerecrdisehhosnbydrin
with a base to provide the epichlorohydrin. 14. A process for the
production of a downstream product, utilizing a chlorohydrin produced using

the process of claim1. . : : .
P % tl"he process of claim 1, wherein the surface comprises a portion of a heat exchanger.

10. The process of claim 1, wherein the chlorohydrin produced is epichlorohydrin.

11. The process of claim 10, wherein the epichlorohydrin is produced by reacting allyl
chloride with chlorine in the presence of water to form glycerol dichlorohydrin and treating

the glycerol dichlorohydrin with a base to provide the epichlorohydrin.

12. The process of claim 10, wherein the epichlorohydrin is produced by reacting glycerol
with hydrochloric acid to form glycerol dichlorohydrin and treating the glycerol
dichlorohydrin with a base to provide the epichlorohydrin.

13.  The process of claim 10, wherein the epichlorohydrin is produced by reacting
allylalcohol dissolved in hydrochloric acid with gaseous chlorine to form glycerol
dichlorohydrin and treating the glycerol dichlorohydrin with a base to provide the

epichlorohydrin.

14. A process for the production of a downstream product, utilizing a chlorohydrin

produced using the process of claim 1.
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