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-1 - Cell Overcharge Protection Circuit The

i nvent i onwodsaiss®y to a cel | -overcharge protection - . circupcTERFMEexsabl y
for rechargeabl e al kal i ne manganese di - oxi de-zi-nc cells. Sever al
types of rechargeable cells are sensitive 5 against overcharge during the
chargi ng process. Rechargeabl e al kaline cells e.g. can be charged up to
about 1.7 V or they can tolerate a charging voltage up to about 1.9 V
when this overvoltage i.s applied within a predeternmined time period.

The chargi ng of sever%@ﬁ%@g 0 and

pr ef erabl-e nmet hod, ho T not uniform
the one that has the smallest capacity wll reach first the fully

charged state. !f tge char& g process goes on, this cell will be

overcharged i. &4 1 -vol tage increases beyond the above

ment | oned gipper vol tAEpRBeht HbniicH Hiatb§ 1 hdatélyd'cOHOSAEP f@Bnf GHE hoP et
process for carrying out highly exothermic - reactions between liquid
reactants, such as the reaction between propylene and ethylbenzene

hydroperoxrde to form propylene oxide, usmg a solid heterogeneous
catalyst.

10 -
| De cription of the Pri
" Substantial dlfflcultles are encountered in carrying out highly
exothermic reactions ‘where reactants and/or products are temperature
sensitive. For exa__r}hé___l_e, the catalytic liquid phas_e reaction of propylene and
15 an organic 'hydroper.oxide to produce propylene oxide is a highly exothermic
reaction and the" reaction selectMty to the desired product is quite
temperature sensrtlve Thus, removal of the exothermlc heat of reaction
without causmg excess temperature rise presents a serious problem.
Conventional reactors for exothermic reactions are usually of two
20  types: |
(1) Quench type which consist of multlple fixed beds with cold feed
quench mjected in.between beds
(2) Tubular t'-pe in which the catalyst is placed in the tubes of a
vertical shell and tu_ "

2 heat exchanger ~ -

25 'If the heat of reaction is high, the first typ:e does not provide sufficient
heat removal. This: can be overcome by recycllng cold reactor effluent but
“this results in the d|

__dvantages associated wrth back-mlxed reactors.
The tubular reactor cost becomes prohlbmve when high heat of
reaction have to be removed through heat exchanger surfaces operating
30 Wlth a low heat transfer coefficient. There is- also a temperature gradient
from the center of the .tube which is often detnmental to a process which
requires nearly |sothermal conditions. '
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detrinmental for the cell. “In U S Patent 3,148,322 issued to J. M
Booe et al. in 1964 the problenms of overcharging has been sol ved by
provi di ngwio.6dMes47 el enent arranged in parallel to each celpcPfperivssged in
series. This elenment is substantially nonconduct- :° ive when the term nal
vol tage produced across the cell shunted thereby is belowits
predet er m ned maxi nrum val ue and beconesp hi ghly .conductive when the

+ termnal voltage: produced across the cell incrementally exceeds that

.- value. The patent 25 Eu PStonE QR 663 HR8EHIdL s fitbaIRY. éatalyﬁb Y8hctor

. el ements, preferably zener di odes or stacks -of+di odes of ferent

. types, wherein tamd proness foranying out the lepaxidation of ae otﬁfedneteactlon avithoarns

oo S L B o B SRR Ay BhkA0BaP bonqiond°AE Hekprify
the problenms of ﬁlethlsJE'u éeerPaﬁa'lwr_léll ﬁeﬂf‘%lérated %ytlh?éxdh@ﬁﬁ&: fyaetiondsl to

shunt the cells to provide over- _
PCT/ I'B95/ 00562 removed by vaporization of the low - borllngreactlon mixture component,

“propylene in the case of a- propylene/orga_ ic hydroperoxide system.

Sufficient propylene is fed to the. reactor.t fremove all of the reaction
exotherm. The reactor is operated at the b il _,_ng pressure of the reaction

mrxture insucha manner asto provude a cocurrent downﬂow of a liquid and

10 a gas phase The procedure is said to represent an rmprovement over the

then currently employed methods mvolvmg a multr-reactor discipline with
interstage cooling. '

The procedure and apparatus descnbed in European Patent 0323

663 has a number of severe disadvantages. Where the reaction exotherm

15 is removed by vaporization of propylene as requrred in the European Patent,

excessrve amounts of propylene must be fed: as' llqmd to the system In fact,

the European Patent shows feeding 16.67 moles of propylene per mole of

ethyl benzene hydroperoxrde to the reactor. When it is considered that the

epoxidation is essentially equxmolar as to propylene and hydroperoxide, it

20 can be appreciated that the procedure of the European Patent necessarlly

involves recovery ‘and recycle of high volumes of propylene at great

expense. S )
Addltlonally, -although European Patent 0 323 663 appears to
describe reactor outlet pressure of 26 bar (about 377 psia), this would not
25 appear consistent with the vapor pressure .o:f- the liquid reaction mixture.
= More likely, the actual outlet pressure wo: :

150 psia or less and this
results in the ad_drt___lonal and very importan roblem of refrigeration and/or
recompression of'the large propylene recyCl
| A further problem with the system of _European Patent 0 323 663 is

30 the poor reaction selectnvrty which would result at the low propylene




charge protection, A tnmejd has recogni zed the existence of a necessary
~trade-of f between charging current and the size of t he di ode. For any
r edsonabWeO WB&547i ng current the size of di ode woul d hBGEFEPYERS| ar ge
enough to dissipate the entire 5 anount of current so that when a cel
becones fully charged, the associ ated di ode can conduct the remai nder
of the current around the fully charge8 cell. This would necessi -

tate physically | arge conponents for any reasonable charging rate. The
use .of;.more i nt edideghrationsiin the Mguid phase iethehionss pakt oftheaeaetolr. and cause
to switch around the cell according to a predeterm ned algorithmwas
found - too sophisticated and expensi ve.- AltnEjd has suggested using
speC|f|c zener di odes as sh%nb.\ : pernmanently in a

short-circuit state when a urrent is passed 15

therethrough in forV\mdcdsnrdanmmthrtbeﬁmwmt:oﬁpaheactceandnpw@s is providetie
used espeC| al I y in high te ratu batterie suc as sodi umdSSnU ur

type.. RVBIchy &esspec”g& aﬁﬁﬁi fenthe rnreéutheot)e&me (SOMPRUN
the recent year Peacgbﬂ of aﬁ‘&éhf@iérﬁssr ﬁ,t%pg@ss w:th m@nﬁewﬁb@e&dé@@émgy

properties conpared to Severa € Nno neno
effect and can aesolidredntadtrcatdigstythe invenligrhbeing chava@enzerébydﬂecﬁcbllmmng

Al kal i ne batterjes are, however, sen- sitive against overcharging, and

t hey cannot be e t hout some kind of overcharge protection.: OuMng to

differing 25 voltagp)Paie¥ERbRk ¥s divRIBE¥ite PSR Mes b SEpan@teliied! baeh LBAK! I ©
- - 10 contalnmg a bed of solid epoxidation catalyst
| (2) conditions are maintained so as to provide the liquid phase
without substantial vapor formation throughout-:_the entire reactor;

(3) cold reactor feed is provided wh:ch -is preheated to reaction

temperature by separate indirect heat exchange with reaction liquid from
15 various of the separate reactor zones; _' '

(4) reaction liquid from the last of the series of reaction zones is
reduced in pressure to form a gas-hqu:d mixture at a lower temperature, and
this gas liquid mixture is heated by indirect heat exchange with the reaction
liquid from at least one of the separate reactor zones.

20 | | )
cription of the Drawings
The attached Figure illustrates the invention. .
Detailed Descri i‘_‘ni'
25 : Practice of the invention is especially applscable to highly exothermic

- reactions such as that between an olefin, eg propylene and an organic

hydroperomde, eg. ethylbenzene hydroperoxxge,__.;_and can best be described
with reference to the accompanying drawing. "
Referring to the drawing, reactor 1 |s a vemca! cylindrical reactor '
30 having five separate beds of solid heterogenous epoxidation catalyst,



charger devices differing fromthose designed primarily for ni ckel
cadmum or other types of batteries. Currently avai |l abl e chargerS'
for al kal woeshidsdieri es have built in vol tage |imtati @CIERINESRHat
prevent the charging voltage 30 from exceeding 1.7-1.75V, and batteries
are charged indi - vidually or in parallel. . OMng to the fact that
such batteries are used in series conneggion or in series sets, their
charging in series con- nection is a well-based requirenent. 35 | f

such cells are o2aigstibbds 2681 £55 ahi . qq@t;]aﬁﬂﬁé %é&?rsoare pro?idBBTRE! stiéilm) ' 1

the series chain cannot be prevent ed _
- 3- Ii mi tattoosupnort the solid @gtalystrmsplaceervluledpemrthngabassage bt liqhie n,
- since when. the 14 - the lowest capacity rgaches the fully charged
state and the c '@hé’t“'ﬁpmess of the remai ni hg. cel I's goes on, this

particular cell wll Adqgdeeaslich Bfijure comp rised orzPFlﬂ:lgl ﬂﬁgl I zehe used

preferably as overcharge rotection neans oget e I ne ceIIs
si nce the tBypes hydieperavides whicha ibeswbeen| preheated tibcreastige: teimperature is -

Tagn oy IEANAT ViR PSP To BEE ok B L Ihe REARAL: 4% 5hiBcBaBenas
been conpl et ed. drawing, upflow of the reaction mixture takes place but liquid downflow is
equally feasible. o
The reaction mixture passes-from zonea through catalyst bed 2
10 herein propylene oxide is formed by reaction of'propylene and ethylbenzene
hydroperoxide - in. accordance with known’ procedures Conditions are
regulated to provide a modest temperature- nse, eg 10-50°F, as a result of
the reaction exotherm in bed 2.
‘ The reaction mixture from catalyst bed 2 passes to-zone 9 from which
15 zone it is withdrawn from reactor 1 via line 10 and passed to mdrrect heat
exchanger 11.
Relatively cold, eg. 80-120°F, feed propylene and ethylbenzene
oxidate which contains ethylbenzene hydroperoxlde are fed via lines 12 and
13 respectively, and then as a combined st_rea'r?rlf via line 14 to the system.
20 A portion of this cold feed passes to exchange_r'f"ll via line 15 wherein it is
~ heated by indirect heat exchange to reactioh_?fjemperature. The cooled
reaction rhixture from which the exotherrrilc iih‘é"at of reaction has been .
removed passes via line 16 to zone 17 of reactor 1 whrle the preheated feed
passes to zone 8 of reactor 1 via lines 18 and 7' n

25 From zone 17, the reaction liquid pass S through catalyst bed 3

- wherern further reaction of propylene and ethylbenzene hydroperoxide takes

place to form propylene oxide. Again, condrtro -are controlled to provide

a modest temperature rise, eg. 10-50°F, as a res tof the reaction exotherm
inbed 3. - -
30 The reaction mixture from catalyst bed3passes to zone 19 from




To provide respective series chains of forward biased diodes with a

resulting voltage of 1.7-1.75 V as suggested by the cited Booe et. al.
pat ent towossrn&s4shunt path 10 for each cell is not.a pracPCEEPIEEPLR i on,

since at |least three diodes are required and such diodes will have a

non ‘negligi bl e | eakage current. In JP-A-61 206179 the

stabilization of the charging characteristigs of each battery in a
series chain has been suggested by means of parallel zener or light

em tting di.odes - whichzoHe it is withdtawhtfiom T8&ctbel /i iee 20eeRl passedatalintirédt t he
appropriate dinensioning of these elenments. 15 . In several :

~applications cel hegkexah@ngehr2di rcuits are permanently connected to the

batteries not only dur t h _ :

appl i cations only e?%fééﬂfgg @E‘ gf( th@o%rk%@fe@p cpgi ﬁg@fﬁ%ﬁe& ?igslﬂfegg? t80
not represent a égsangsri®y wheeeihlitis heatbdtbyeindirect hehtegstarijesthagegtidns oon
even W t hout | oad. The ogbject of the inventiqgn is to provide an

gver char gev\ﬁr ot eteﬂ'!@ﬁfa&'rﬁcﬂ-he QQF&?C' eaction mixturedeom avhish thenexethsmaichesat| i ne
tt 1
"l vence cor 1 pof [EEARAC RS relbbhel plBads TR nd 8910 2008082 oF lactor

According..to thewhiwelﬁe pcehmewﬁd:basm tprz@hecs bbreactorcuvia lines 25and 7. -
- provided for recn? eabl e Is char n series ‘ﬁ\nd hawgg,
" predet erm ned maxi mu n?‘?"iee » the reagt nlgq%maégesat tpugh eplalystibad,f

- voltage, which cgpBr ffine Foaction of pd B St RiRLEe A telost e
%g d(;?t?d-' ﬁ IQ,EESOCI ate

cells to provide a unt pat age“across t cel |
. exceeds thdzOnaxmhnectmhgmg:ropylengezxnde Conditicns ararcgatrolied duipromdepaed

current of pr edeERRBHEIRRTRLE? flm, o HUrad e msre e 2H1G8 reRgian gdhetin
nmeans i.s a |ightiygsad i ng diode with a forward voltage substantially equal.
~to the 30 maximum permtted voltage, and the charger circuit conprises
current and/ or vol tag&he reaction nixtyrenitons catalysti bagd 4Hpassesrtorzonen6 fipmt he
series chain of \Ev %hczeclAeSit %twﬂ"r)d%wmro%n reactor 1 vié. line 27 and passed to indirect
15 heat exchanger 28.

The remainder of the relatively cold feed passes via line 44 to
exchanger 28 wherein it is heated by indirect heat exchange to reaction
temperature. The cooled reaction mixture fi*om which the exothermic heat
of reaction has been removed passes via line 29 to zone 30 of reactor 1

20  while the preheate_d feed passes to zone ‘8.d_f'.r_eactor 1 via lines 31 and 7.

From zone 30, the liquid reaction mixture basses through catalyst bed
5 wherein further reaction of propylene and ethylbenzene hydroperomde ,
takes place to form propylene oxide. There |s ‘a modest temperature use,
eg. 10-50°F, as a result of the reaction exotherm in bed 5.

25 The reaction mixture from catalyst bed5 passes to zone 32 from
< which zone it is withdrawn from reactor 1 vié;ﬂ_liﬁ_e 33 and passed to indirect
heat exchanger 34. |

In exchanger 34, the reaction mixtu_i:f

rom bed 5 is cooled and the

-exothermic heat of reaction removed by i'ir}_\ai'i'ect heat exchange and the

30 cooled reaction mixture passes via line 351 )Zone 36 of reactor 1.
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-4- ~ value that corresponds substantially to the current that
flows threugbsigeey | i ght emitting di ode when the maxinum pCcpEPIWISISA
voltage is applied thereto, the light emtting . diode is substantially
. non-conductive when a voltage corres- 5 ponding to the open circuit
. voltage is applied in forward directiong whereby the light emtting
di od,edconst-i tu'éles no remar kabl e 1 oad for the associated cell when being
stored or i schar : I at S 1 JEE ' - d
the fully charged sta?gagn%h%r%@/i éﬁ?pﬂ%ﬁ@@@ﬁ@%&%%@@f c?%?ygltn |c§t I on

:;_ t hat. t he -associ awhereinlfinahremdtionnf phopylent and ethylbskizenehyeiraperoixide takes
* enbodi nent respective reverse diodes are _ cngtéd t? e?cp of the cell to
prevent cel | revBlasg e propylepe xide., cThroyghout; reactor (I the PRSSULe 48| o

bl 1 ber | o B Bt Bupl b ek 1Aoaatil Sane
. diode. In aB al teomponents iof ¢hersadtioremixture. vbiustigtives passures maintginedes a -
set, of  d 0-d-esthcl"t(ajlfllg e‘_c%tergaci:tgr 7 earreiz Ssengrre'}l y % {h%rr\gﬁgg éB'O%cSJ 8‘6%' ;gs%g.e Iri\ gatalyst
bed. 6 there is a modest temperature rise, eg1 0-50°F; as a result of the
* reaction exothermin bed 6. o | '
‘The reaction mixture passes through '_"(:‘_af_t__alyst bed 6to zone 37 and
10 is removed from reactor 1 via line 38. Thé-:-}emoved mixture, which is
' essentially liquid, passes through preséur_e;_ reducing means where the |
pressure is reduced to a value at which therels vapo_rizatioh of the lighter
-éo’m_ponent, eg. pfopylene, and 'temperature'{jeduction by reason of the
vaporization to a level which is substantiallyf"'léyVer, eg. 30-60°F below the
15 temperature of the reaction mixture removed from zone 32 via line 33. As
illustrated in the drawing, a control valve 39 can be used to accomplish the
“pressure reduction resulting in a mixed p_fhajse in line 40. Generally,
pressure is reduced from that maintained in’ rééctor 1 to about 250 to 350
psia in order to achieve the vaporization-andf‘t:__.e_:_fmperature reduction.
20 - The vapor and liquid reaction p_roduct_-rﬁimure passes via line 40 to
exchahger 34 wherein by indifect heat exchange the mixture is heated with

the exothermic heat of reaction from bed 5.  The reaction mixture from zone
. 32 from which the exotherm has been remo,\'l_"éd passes via line 35 to zone
36 of reactor 1 as described above.

25 . As a result of the indirect heat exchange in exchanger 34, heat

“ necessary to separate C; components such: ropylene from the heavier

components of the mixture in subsequent co! tional distillation operation
is transferred from the reaction mixture from zone 32 to the vapor/liquid
mixture in line 40. Without the described pressure reduction via means 39

30 and accompanying temperature reduction, the' appropriate heat transfer



applied to the set. 20 The advantages of the invention wi|l be nore
apparent if the cells to be protected are al kaline cells. In a

. preferabl sy@osisdsment the charger circuit conprises. a nBEREPIVEAZY or ner
wi th. a secondary w ndi ng coupled to ‘respective sets of series cells each
having respective ones 25 of the limting circuit, the sets are activated
I N opposi ng hal f waves of the voltage on7the secondary w ndi ng.

The protection circuit can be arranged in a nmultiple cell package.

The invention witbyladysthekspreei bed in. connection with 30 preferable
enbodi nents thereof, in which reference will be  nade to the acconpanying
drawi ngs. | n the drawThg:heated vapariand liguid pragiictmbauie passgs fram ekchangerst

TR o 1Bt P A AT B Ve A ATt rPhocorbEe A
circult kiVéWA Procétfifies. ' -
PCT/ 1 B95/ 00762 _ . _ -5- '
o 5 - The epoxidation reaction of the present invention is carried out in
accordance with known conditions. See, i-'fc»r example, U.S. Patent
- 8,351,635, the disclosure of which is incorporated herein by reference. |
-G,enérally reaction temperatufes arein the range of 150°F to 250°F,
usually 180°F to 225°F, and pressures are sijxfficient to maintain the liquid
10 phase in reactor 1, €g. 500 to 800 psia. | _'

In general, the temperature increase in _the several reaction zones is
maintained  at a modest level, eg. 10 to 50°F in order to achieve high
reaction SeiectiVity. Generally it is advantageous to cool the reaction mixture
from each zone to about the temperature of the feed to the reactor in order

15 to approach isothermal reaction conditions.

Known solid heterogeneous catalysts are employed. In this regard,
reference is made to European patent publication 0 323 663, to UK
1,249,079, to U.S. 4,367,342, 3,829,392, 3,923,843 and 4,021,454 the
disclosure-s of which are incorporated herein. |

20 'Fhe invention is especially appliqablé to:epoxidation of alpha olefins
having 3-5 carbon-atoms with aralkyl hydroperoxide. |

The follbwing example illustrates an esp'_ecially preferred practice of
the invention as described in the accompanyin'g drawing.

| Referring _to-the drawing, propylene feed ?at about 100°F and 700 psia

25 is introduced via l'ipé 13 at the rate of about 794,072 ibs/hr. Ethylbenzene

« oxidate also af 1'00':‘:’F and 700 psia is intro‘d'(xéed via line 12 at the rate of
about 560,000 lbs/hr. The feed streams aré'ébmbined in line 14.

The feed stream is divided with a pomon passed to heat exchangers
11,21 and 28. About 473,926 Ibs/hr passes via line 15 to heat exchanger

30 11 wherein it is heated to about 195°F by indi}'ect heat exchange with the



FIG 1 shows ten cells 1 to 10 constituted by recharge- abl e al kal i ne
manganese di oxi de-zinc cells of AA size, all connected in series to form:
a chain. Wuoeosisb47 protection circuit consists of respecRCHEPTIOFRESE
diodes RD and light 5 emtting diodes LED connected to termnals of the
associ at ed cell. The light emtting diodes LED are red and can be re-
alized e.g. by the comercially available tgpe Liton LTL 10203. Such a
di ode starts lighting when the cell voltage is - hi gher than about 1.55 V.

AL LTVt i ofeacHbn kb frbfh EOREDTFeadiBe 2 current of about 70 mA.
fl ows therethrough. he voltage versus current._.curve of such a |ight

emitting- diode is Ab@latﬂﬁaeﬁﬁibs,{hrﬁftylerfeedpamm liee 2210 hgat exohangep

1.5V, the leak ..--he oI ta ower
than 1. 45 v, "t ne CHPELh Wiegteted 1 abof 1oty indreB héar SFiange s i 1t e
practically no Ireadtnéwrmmr@ﬁem:zéﬁeeqlg of rééﬁténe’(y | The series chain
is charged through a current limt resistor R and a di ode D which

prevents operation i le@eremamlnmm@n obthe feéedaids, 221 tbéfr, passemwaﬂmep@;bm te

A R 20 4 ndert R b Rl B Ry AT v

10 gets fully C@(cﬂadﬁetvﬁmwrehﬁﬁén wpkthRORoM zone 26 b AsRtoreld reaches the
- value of 1.7 V. Together with the i ncrease of the voltag d t he
e

. associated |ight eni t the greheated Jsed streams| argmecng\blrsﬁmand Wiz éne #t9 | ows
- the curve of. Fl Gong g of reactor 1 at 195°F and 570 psia. -

10 Reactor 1 is a vertical cylindrical reactor-having five separate zones

containing separate beds 2, 3, 4, 5 and 6 of sohd heterogeneous epoxidation
. catalyst which was prepared as described in- Example VIl of Netherlands
Patent 145,233.
The feed liquid is introduced into zone 8and passes through catalyst
15 bed 2 whereby the exothemic reaction of ethylpenzene hydroperoxide and
propylene takes place to form propylene oxide. “The reaction liquid passes
through bed 2 to zone 9 and then at 224.8°F and700 psia the liquid passes
via line 10 to heat exchanger 11 wherein by indiﬁéct heat exchange a portion
of the feed to the reactor is heated as above déécribed
20 ~ The reaction mlxture from which the reactton exotherm from bed 2
has been removed passes at about 197.6°F and 700 psia via line 16 to zone
17 of reactor 1. From zone 17, the reaction mlxture passes through catalyst ,
bed 3 wherein further exothermic reaction of, ethylbenzene hydroperoxide
and propylene takes place to form propylene'o:_:_ de. From catalyst bed 3,
n at 225.3°F and 675 psia
- the mixture passes via line 20 to heat excha'" ger 21. In exchanger 21, a

25 the reaction mixture passes to zone 19 and th

portlon of the reactor feed is heated to réaction conditions as above
described by indirect heat exchange with the etion mixture.
The reaction mixture from which the:reaction exotherm from bed 3

30  hasbeen removed passes at about 198.2°F arid 675 psia via line 23 to zone



2. The charging current limted to about 70-75 mA by neans of the

resi stor R and the zener diode Z will flow through the light emtting
di ode LED Wi€:98888#70f t he associ ated cel |, wher eby. t he t ePET/EBY7/03835t age
of this cell will be limted to 30 about 1.7V. The light of the diode

I ndi cates that the assoc:| ated cell has been fully charged. As the

© charging process goes on, “the other cell8 in the chain will be fully
- charged and the associ at ed. Ilght emtting diodes LEDwill - all be

* lighting, thus vizdief teactordr chrormgoné 24, theeeadtiongnixiurdpasses trevagh aatdigstn

\S\ng} Stsggo bed: 4 wheresb O\tﬁe ?uéh&p react‘graxlro%er r )reftglgtge B ableerogldecggd )
-6- - ing fgﬂ'b oflerd idk@sﬁﬂa%éntd/"fd p fenteh&a@é(erl‘r&?tr%a@%t)bﬁdtﬁi gﬂ?our

circuit according to"the 1nve e charger Ciicuit rrse
i dentical sub- unireactibn mixtiEe passes th Zone 26aand thenBﬂaﬂlnelﬂV a'r alamgtdZQa 8°Fwo

BZ: {2 ' a-rT ge c :)lt Z;a{rfcf] ﬁ'g@gﬁg(aI}opﬁeat exXchafger %%nnFnCteggwanr]gesl'e po?'tlon o??he

' - ireactor feed is- heated to reaction conditions as above descnbed by md:rect
- heat exchange wnth the reaction mixture.. =~

' The reagt;on mixture from which the_;__réaction exotherm from bed 4

“has been removed passes at about 199.6°F and 650 psia via line 29 to zone

10 30 of reactor 1. From zone 30, the reaction mixture passes through catalyst
bed 5 whe're"b'y"" the further reaction of ethytbenzene hydroperoxide and
:propylene takes place to form propylene ox:de From catalyst bed 5, the
reactton mlxture passes to zone 32 and thence via line 33 at about 221.6°F
and 650 pssa to heat exchanger 34.

15 , In heat exchanger 34, the reaction mlxture from zone 32is cooled
by indirect heat exchange with the final reaction mixture from zone 37 which,
as will be descnbed has been reduced in pressure and partially vaporized.

The re""lctlon mixture from which the reactlon exotherm from bed 5

20 36 of reactor 1 From zone 36, the hqund mlxture passes through catalyst
bed 6 whereby further production of propylene oxide by reaction of
-propylene wnth ethylbenzene hydroperoxide takes place. From catalyst bed ,
6, the liquid reactlon mixture passes to zone 37 and is removed from reactor

'::about 223.9°F and 650 psna
| ia line 38 to pressure reduction

1 via line 38
25 The ‘-Ii_q _ _
« valve 39- whe in- Ve 'e pressure is reduced from 650 psi to 320 psia. There .

is partlal vaponzatlon of the reaction mixture and as a resulit of the pressure

reduction. and parttal 'vaporization, the llq______:d and vapor temperature
decreases to about 170°F.
30 From reductlon valve 39, the vapor and hqund mixture passes via line



respective current limting resistors RL resp. R2 wth op- posi ng
polarity to secondary wi nding of a mains transforner T1l. In each
sub-unit wesys48847ve voltage limting circuits = are arr BRERITOZH
conprising three series diodes connected 10 via a fourth diode to the

term nals of the associated bat- tery. Light enmtting diodes D17 to D20
. that provide over- charge protection al@ connected directly across the

Cterm- nals of the associ.ated batteries. The four diodes in each

i sub-unit consti t40 at ahout ﬂfﬂ°§amd320\@81@1toeaxchanger3141dAbbuh35«5,6696b$/hgef
limter circuit. The four di S refe of the type

- 1N4A0001. When a aRafang apaL t%ggdt&'% %@Wﬁ%ﬁ'ﬁp ’gﬁyec'o such a

. "di ode, the current wijhlexeRangert®sife véﬁ&éﬁ%ltqdlﬂ'fﬂo?n vf&thr%ﬂ@hifé‘ﬁéate@ ﬁb‘)”t

. .85 V 'the associ ated curfent i s about 400 he voltage across t
. series triplets indirectoneat exahange withothe reaction mrimmeu fl@'ntmne 32;pthisk hpat i od

. of the proper half ol that cau s rvvard as to
. the di odeslq:fa nd %’ngﬁégé‘s’oﬁws’q@sQ@@%E?&%@WI?E&“ ngrm ﬁg"

- fourth diode thakaction dpatlyst bed 5 from tAbJeb@ té ESné@BtWﬁlIeeét ﬂ%beéé?ﬂé?rﬁé‘e

- flow of 25 current if the mains volt?(g-'e t akes the'opposite polarity.

. The -forward vol tRIGY¥IdiNG ttaitberteaction anixture dexiting wiaidipect! heaihnecessan2ior v

T e v hrelile oA by Yidfaon S IRy confRPBPRIERMELETY
- on, the voltage mrocarbbhsfm the3Reaviéieranctitns hitEips compofiehts. t he tine the

battery gets fully 9 , the current will flrow through the |ight
~enitting 10 The ed product mixture passes at about 180.6°F and 320 psia

via line 41 to cor_)yentlonal component sepa@_t__x_o_n.

The fo!loW_ihg table gives the weight pgrdghtage compositions for the
various process streams. -The Stream No. desxgnatlon refers to the process
stream in the (;:orrésponding line or zone in _t_héi éﬂached figure.



diode in the shunt path and this diode will be |ighting. Due to the

st.eep vol tage-current curve of the LEDs,the battery will be prevented
from bei ngva98a8s4var ged. 35 Each pair operates in ever yPCI/ERI7/M59ASf - wave
of the mains vol tage, so that each waq¢ is utilized.

-7- C ai s - 1. Overcharge

protection circuit for rechargeable cells (1 to.10; Bl to B4) 5 charged in
series and havi ng predeterm ned maxi num perm tted chargi ng voltage and

an gpen circuit voltage, conprising: -di ode nmeans (LED, D17 to
D20) coupl ed across each of said cells (1 to 10; B'1 "to B4) to provide
a shunt path if the voltage across the associated cell exceeds said

maxi num char gi ng vol tage; 10 - -a charger circuit coupled to termnals
of the series chain and applying a pul sating chargi ng current of
predeterm ned direction, characterized in that said diode means is a

light emitting diode (LED, D 17 to D20) with a forward voltage
substantially equal to said maxi num permtted vol'tage and said charger
circuit B
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conprises current and/or voltage limting neans (RZ;, Rl, D2 to D7; R2, D10
to D15) 15 conprising sem conductor neans (Z; D2 to D7; D10 to 15) limting - .
t he curr eqio9gnigsd7hr ough the series chain of said cells (1 rcr®08258 to B4)

at nost to a val ue that corresponds substanti.ally to the current that
flows through said light emtting diode (LED; D17 to D20) when said
maxi num permtted vol tage being applied thdReto, said light emtting

di ode (LED; D17 to D20) being substantially non-conductive when a 20

vol t age correspondi ngirtthissexathplecconversion based onhydropeaide is08%, and tise d
di rection, whereby said |jght emtting diode, ({LED. P17 to D20), .
constitutes no r@ﬁ{ﬂflﬁﬁlﬁ"g"'gb%f(f.’q“l’y'e?%iof’ 4 §cR!‘l__wg%'éggg)glthu%ﬁﬁﬁ‘oﬁﬂrﬁtjng

, stored or di SCh%Qe%ﬁc%'ﬁ viafld ¥redtRhass ¥t dhé Shvert 'ii"\.er.Costs e N \{hﬂ’?
reached the fully charged”state and providing srinuktaneously a Vvisua

i ndi cation that d¢drstartioniandaperaiion bbthebsystem lage gabistanfially minimizedlhe
overcharge protection circuit as clained in claimI, wherein respective
reverse diodes (RD) are coupled to each of said cells (1 to 10; Bl to B4)

to prevent cell ‘reversal. 3. The overcharge protection circuit
~as clainmed in claiml1, wherein said limting circuit conprises a series
- resistor (R) and a voltage stabilizer (Z). 30 4. The overcharge
© protection circuit as claimed in claim1, wherein said voltage
.. stabilizer is a zener diode (2). : 5. The overcharge

protection circuit as claimed in claim3, wherein said voltage



stabilizer conprises a set of "diodes (D2 to D4, D5 to D7; D10 to D12; D13

t o- D15) connected in series and a forward bias voltage is applied to
the set. wo9s818547 6. The overcharge protection circuit aPCVERImesP2sn cl ai m
5, wherein said charger 5 circuit conprises a mains transformer (T1) wth
a secondary wi nding (S2, F2) coupled to respective sets of series cells
(B 1,B2 and B3, B4) each having respective ¢gges of said limting -
circuit, said sets being activated in opposing half waves of the voltage on
sai d secondary WB®diai:(S2, F2). " 7. The overcharge protection
circuit as clainmed in any of clains 1 to 6, wherein.10 said cells are

al kal i ne cells. 1. A prscess]brdhelcatmmehqm@phase exotharmic reagntiop ofiared

[ any of ol ai % 1! Gefin with a RAIT hioprite With BarHsaUBEsid ritkLid ' ©

contaxmng the olefin and hydroperoxide at z_reacnon conditions of elevated

temperature and pressure through a series’ _'_' "'se__parate reaction zones each

packed with a bed of solid epoxidation cataly_s’__ removing the liquid reaction
mixture from the last of said separate reac_ti'_{xfl:_':E '___ignes, reducing the pressure
to provide partial vaporization temperature reductlon of the reaction mixture
removed from the last of the separate reacti;irj_':zones, heating the partially
vaporized mixture by indirect heat exchange'_-Wiifth the reaction mixture from
the first or an intermediate reaction zone.,___’_\a":_l_'_iq heating the feed mixture
containing olefin and hydroperoxide by mdlrect heat exchange with the
reaction mixture from the first or an intemédiaie reaction zone.

2. The process of claim 1 wherein-__bfopylene and ethylbenzene
hydroperoxide are reacted to form propyleﬁefé)ﬁde. '

3. The process of claim 1 wherein the partially vaporized mixture is
heated by indirect heat exchange with the régétibn mixture form the next to
last reaction zone. '

4. A reactlon system for carrying out the exothermlc reaction of an
olefin with an organic hydroperoxide to form an oxirane compound, the
reaction system comprising a reactor hawng; a series of separate zones

containing a packed bed of solid epomdatnop.qatalyst, means for removing
exothermic heat of reaction by indirect heat exchange from the reaction.
liquid from each but the last of the series o' ' separate zones, means for

reducing pressure and partially vaporizing the- action mixture from the last

« of the separate zones and means for heatnng-‘b j-|__ndn'ect heat exchange cold
feed to the reactor as well as the partially vaporized mixture from the last of
tﬁe separate zones by indirect heat exchan’giié_ﬁj_lvf,th the reaction mixture from
each but the last of the separate zones. .
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