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METHOD AND EASI LY POLYMERI ZABLE SUBSTANCE HANDLI NG DEVI CE TECHNI CAL FI ELD
The present invention relates to a nethod for handling easily polynerizable
substances and a device for handling easily polynerizabl e substances that

i nprove on the handling nmethod of a flow control valve or flow neter
provided in a |line through which gr&tguptidtows that contains an easily

pol ynmeri zabl e substance such as (nmeth)acrylic acid, (neth)acrylate ester or
(meth) acrolein, a bypass line of the flow control valve or flow neter, and
a shutoff valve provided in the bypass line. The present application is
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ot her than eaS|Iy polﬁnerlzabl e substances, distribution of |iquids such as
the transfer of 1iqRPHYMFRELRBIRGSURSTANGE HANDLING EVEH in the

production processes of easily polynerizabl e substances such as
(meth)acrylic acid, (nmeth)acrylate esters and (neth)acrolein. "Easily
pol ynmeri zabl e substances” polynerize extrenely 2 easily and polyners
formeasily during their producTECHNBCAL dFBELDbuti on or other fornms of
handl i ng. Therefore,

The present invention relates to a method for handling easily
polymerizable substances and a device for handling easily
polymerizable substances that improve on the handling method of
a flow control valve or flow meter provided in a line through
which a liquid flows that contains an easily polymerizable
substance such as (meth)acrylic acid, (meth)acrylate ester or
(meth)acrolein, a bypass line of the flow control valve or flow
meter, and a shutoff valve provided in the bypass line.

The present application is based on Japanese Patent

Application No. 2002-61116, the contents of which are

incorporated herein.

BACKGROUND ART
Similar to the case of substances other than easily
polymerizable substances, distribution of liquids such as the
transfer of liquid or feeding of liquid is carried out in the
production processes of easily polymerizable substances such as
(meth)acrylic acid, (meth)acrylate esters and (meth)acrolein.

“Easily polymerizable substances” polymerize extremely



pol ynmeri zation inhibitors are added to easily polynerizabl e substances so
that they can be handled while inhibiting their polynerization. If a

pol ymeri zation inhibitor is added to an easily pol ynerizabl e subst ance,
polynmerizationis inhibited even if it 4s allowed to remain for a fixed
period of time in a pipe or other formof line used for its distribution.
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pol ymeri zabl e substances are desi gned and produced on the basis of this

prem se. ghBtPIBeE 168 EPSUEReEMBOENs dbBIhaRYi LAY, OfTHd Mgk Lontai ning easily
pol yneri zabl e substances, it is preferable that the easily polynerizable
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intermediate location jn a line used fqr_ distribhution qof,.a l.iqui .
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operation of a production device and so forth. This flow control valve or
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of liquid containing an easily polynerizabl e substance nust be tenporarily

i nt er r upeadidumwiodymegpgiab ler sulept aneer po lyhetrhieatlion toanhdbivatwyeasyr fl ow
nmeter. Therefore, a shutoff valve is typically provided in a |ine upstream

or downstrteam fs ablidied towrshheh o6rfad ot cahtpedliodbfetime3inmnm qriger to
stop the flow of liquid containing an easily polymnerizabl e substance. Wen
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control valve or flow neter is repaired or replaced after closing a shutoff

valve preyidfd,Upgt EGRMYPL: AONABILR3BE 1iquids containing easily

polymerizable substances are designed and produced on the basis
of this premise.

In order to ensure smooth distribution of liquid containing
easily polymerizable substances, it is preferable that the easily
polymerizable substance flows through a pipe or other type of
line within a predicted retention time.

A flow control valve or flow meter is provided at an
intermediate location in a line used for distribution of a liquid
containing an easily polymerizable substance in order to ensure
smooth operation of a production device and so forth. This flow
control valve or flow meter may malfunction during the course
of use. Consequently, the flow of liquid containing an easily
polymerizable substance must be temporarily interrupted during
repair or replacement of the flow control valve or flow meter.
Therefore, a shutoff valve is typically provided in a line

upstream or downstream from the flow meter or flow control valve




there fromto tenporarily interrupt the flow of liquid containing an easily
pol yneri zabl e substance. In addition, in the case of having a considerable
effect on the operation of a production device and so forth when the fl ow
of the liquid containing an easily polynerizable substance is interrupted,
a nethod is typically enployed in which a bypass line is provided for the

flow conjhobryalVeoOstbp OvhE8eEEEw 4Rl AqsiWl @bAtyPh ey i Sn RELYiThed in this
bypass line. Fig. 1 is a schematic block drawi ng showi ng an exanple of a

l'ine thrggg?mgpgggbiéogﬁggtghgg[d containing an easily polynerizabl e
. 1Tn a Ig.

subst anc 1tion, I's a schematic bl ock draw ng show ng anot her
exanple of a_line through which flows a_lLiquid contalnin n easid.y
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time flow control valve 2 or flow neter 3 provided in line 1 is operating
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openi ng upstream shutoff valve 4 and downstream shutoff valve 5, and
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allowing the liquid containing an easily 4 pol ynerizabl e substance to

fl ow by thesérfydnypasenpudanfifl wahver¥upt tid §lomnutel igsibecarsd rtigy entire
anount of the liquid containing an easily polynerizabl e substance is

al lowed 58 &hewm {hpoughetl oubeantupbtyatye 2 or flow neter 3, the flowrate
is accurately controllTed in flow control valve 2, and the flowrate is
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shutof f ¥§LV§b§}é€Eon of a production device and so forth when the flow

of the liquid containing an easily polymerizable substance is
interrupted, a method is typically employed in which a bypass
line is provided for the flow control valve or flow meter, and
a shuﬁoff valve is provided in this bypass line.

Fig. 1 is a schematic block drawing showing an example of
a line through which flows a liquid containing an easily
polymerizable substance. In addition, Fig. 2 is a schematic
block drawing showing another example of a line through which
flows a liquid containing an easily polymerizable substance.

In the lines shown in Figs. 1 and 2, during the time flow
control valve 2 or flow meter 3 provided in line 1 is operating
normally, liquid containing an easily polymerizable substance
flows by opening upstream shutoff valve 4 and downstream shutoff
valve 5, and closing bypass shutoff valve 7 provided in bypass
line 6.

The reason for allowing the liquid containing an easily



opened to ensure a flow of liquid containing an easily pol ynerizable
substance to a degree that does not have a considerable effect on the
operation of a production device and so forth. Next, upstream shutoff valve
4 and downstream shutoff valve 5 are cjosed to interrupt the flow of the
easily polynerizabl e substance through line 1 and allow repair or

repl acenpsl ykrfikawl eonis ot aved w 216w ﬁ* QY IHR) bypabeweNetof f fvdlypass
shutoff valve 7 is conpletely closed while liquid containing an easily

p0|yner'?a@hetﬁHQShéﬂﬁér'§sfbe$bﬁgetEﬁeugﬂtieraéouﬁheof'QHédlfeﬂialnlng an
easily polymerizable substance remaining in bypass line 6 can no | onger be
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subst ance€ en S up-renal nin ass li1ne e predicted ret ention
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pol ymer cl oggi ng bypass |ine 6. \Wen bypass |ine 6 beconmes clogged, bypass
line 6 carsorabely conseel @Ay Eparreenrtenl vagivac? n@id sWecbheY dilatml ve 2
or flow neter 3, thereby forcing operation of the production device and so
forth toibeateuwataﬂylyndmtetedpﬁedfand hatveng3a consi derabl e effect on the
factory overall. DI SCLOSURE OF THE I NVENTION I n consi deration of the
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provi de a nethod for handling easily polynerizabl e substances and a device
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an easily polynerlzab e substance |n a bypass 1ine by renewing liquid
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polymerizable substance to a degree that does not have a
considerable effect on the operation of a production device and
so forth. Next, upstream shutoff valve 4 and downstream shutoff
valve 5 are closed to interrupt the flow of the easily
polymerizable substance through line 1 and allow repair or
replacement of flow control valve 2 or flow meter 3.

However, if bypass shutoff valve 7 is completely closed while
liquid containing an easily polymerizable substance is flowing
through line 1, the liquid containing an easily polymerizable
substance remaining in bypass line 6 can no longer be renewed,
and as a result, the liquid containing an easily polymerizable
substance ends up remaining in bypass line 6 beyond the predicted
retention time. If an easily polymerizable substance remains
in bypass line 6 for a long period of time, it polymerizes and
forms a polymer resulting in this polymer clogging bypass line

6. When bypass line 6 becomes clogged, bypass line 6 cannot be



in aline through which flows a liquid containing an easily polynerizable
subst ance. The af orenenti oned object can be achi eved by a nethod for
handl i ng an easily pol ynerizabl e substance conprising a step of renew ng
l'iquid containing an easily polynerizable substance retained in a bypass
line by intermttently opening and closing a shutoff valve when liquid
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with a flow control valve or flow nmeter, the bypass |ine of the flow
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bypass |ine. The aforerentione j ect can be achieved by a nmethod for
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fl ow ng tE%ou h a Ihne to flom1throEEh a bypass line by opening a shutoff
val ve wh&MTFFHuPl EBAt LPAFAGYaRVELEIEY pol yneri zabl e substance fl ows
through the line provided with a flow control valve or flow neter, the
bypass |ine of the flow control valve or flow nmeter, and the shutoff val ve
provided in the bypass line. In the aforenentioned nethod for handling an
easily polynerizabl e subsPARBRCBEQSURE OFoWHEOINVEENDION he |iquid containing an
easily polynerizabl e substance that flows through the flow control valve or

flow neter ignpreheiaelrnt8@ of mhke agbrehentabakdf tawcvuakuarces,| agui d
containing an easily polynerizabl e substance that flows through the line.
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types seleCted fromthe group consisting of (nmeth)acrylic acid,
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polymerizable substances that prevent polymerization of an
easily polymerizable substance in a bypass line by renewing
liquid containing an easily polymerizable substance retained in
a bypass line of a flow control valve or flow meter installed
in a line through which flows a liquid containing an easily
polymerizable substance.

The aforementioned object can be achieved by a method for
handling an easily polymerizable substance comprising a step of
renewing liquid containing an easily polymerizable substance
retained in a bypass line by intermittently opening and closing
a shutoff valve when liquid containing an easily polymerizable
substance flows through a line provided with a flow control valve
or flow meter, the bypass line of the flow control valve or the
flow meter, and the shutoff valve provided in the bypass line.

The aforementioned object can be achieved by a method for

handling an easily polymerizable substance comprising a step of



handl i ng an easily pol ynerizabl e substance provided with a |ine through
which a liquid containing an easily polynerizable substance flows and which
is provided with a flow control valve or flow neter, a bypass |line of the
fl ow control valve or flow neter, and shut of f val ve provided in the
bypass |ined wherein the device has a nmechani sm by which a |iquid

contai ni ag1aRiagsd byrpebyrer hzahf el substanaengeirensd liypd hendwyipassid i ne is
renewed by intermttently opening and closing the shutoff valve. The
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pol ymeri zabl e substance provided wwth a |ine through which a liquid
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valve or flow nete and a shut off valve provided.in the bypass |.ine
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handling of liquid containing an easily pol ynerizable substance. In the
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fl ow volunme of the liquid containing an easily polynerizabl e substance that

flows theawgbyphesf Lewecontrol valve or flow neter is preferably 80 0 or
nore of the total flow volunme of the liquid containing an easily

pol ymer i zabl gnsyhgt aee chiak i bhews ek heugk okh g ahiin§ ngBRhEEaBESGRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic block drawi ng show ng an exanple of a
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an easily polymerizable substance that flows through the flow
control valve or flow meter is preferably 80% or more of the total
flow volume of liquid containing an easily polymerizable
substance that flows through the line.

The aforementioned easily polymerizable substance 1is
preferably one or more types selected from the group consisting
of (meth)acrylic acid, (meth)acrylate ester and (meth)acrolein.

The aforementioned object can be achieved by a device for
handling an easily polymerizable substance provided with a line
through which a liquid containing an easily polymerizable
substance flows and which is provided with a flow control valve
or flow meter, a bypass line of the flow control valve or flow
meter, and a shutoff valve provided in the bypass line; wherein
the device has a mechanism by which a liquid contain’ing an easily

polymerizable substance retained in the bypass line is renewed

by intermittently opening and closing the shutoff valve.




Fig. 2 is a schematic bl ock drawi ng show ng anot her exanple of a line

t hrough which flows a liquid containing an easily polynerizabl e substance.
8 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The foll owi ng provides a
detail ed explanation of the present inyvention using Figs. 1 and 2. As shown
in Figs. 1 and 2, the device for handling an easily polynerizabl e substance

of the presemhei A¥6AEMOAL i6nPHOYD gt WEah 1He | dd1e dVEDUgh avdiet dd dos a
|l iquid containing an easily polymnerizabl e substance that is provided with a
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shutoff valve 7 provided'in bypass Iine 6, an upstream shutoff valve 4 and
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device, extraction_device, absorption device, .eyaporation device, .decanter,
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(store) or distribute an easily polynerizable substance. In a first
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the present invention, a liquid containing an easily polynerizable

subst anceeter aiaredl & shbhypdésvhine Broeidehamedhbybypaes niinentwhegedinng and
closing of a bypass shutoff valve 7 of the line provided in this device. In
the devi tieef @6 vhaadhiH0a afie €lash i ym Py YR EH ad| o StbSH aneetiod 1idsid

enbodi nment, flow through bypass line 6 is normally conpletely bl ocked by
bypass sbyhehinYRY Ve €astifg $81 I hErIRYDE substance that flows through
the line is allowed to flow through the bypass line by opening
the shutoff valve during handling of liquid containing an easily
polymerizable substance.
In the aforementioned device for handling an easily

polymerizable substance, the flow volume of the liquid containing

an easily polymerizable substance that flows through the flow
control valve or flow meter is preferably 80% or more of the total

flow volume of the liquid containing an easily polymerizable

substance that flows through the line.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block drawing showing an example of
a line through which flows a liquid containing an easily
polymerizable substance.
Fig. 2 is a schematic block drawing showing another example
of a line through which flows a liquid containing an easily

polymerizable substance.




9'of liquid containing an easily polynerizabl e substance flows through fl ow
control valve 2 or flow neter 3, flow control valve 2~accurately controls
the flow volune, and flow neter 3 accurately indicates the flow vol une.
Liquid containing an easily polynerizgple substance retained in bypass |ine
6 is renewed by intermttently opening bypass shutoff valve 7 and all ow ng
a portion of the liquid containing an easily polynerizabl e substance that
flows through Iine 1 to pass through bypass line 6. The frequency at which

oypass shut off val y@s¢ Méognkéﬁﬁbhkﬁgkh& gpenefzandvehesed shoul d be

suitably set according to the type of easily pol ynerlzable subst ance
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substance retained in bypass |jne 6. Bypass shutof f valve 7 preferably
opens anﬂnﬁ?%gégnr%ﬁhmﬁrfygsTh% %%Q|%d of this regul ar opening and closing
is preferably suitably set within the range from once an hour to once a
year, and noRe pheferiabFygasui t aiid 2setheidaiire Korr Apgdlbha it €agidryy 8
hours to once a nonth. In addition, although there are no particul ar
Iinitatipokymeriheblémmb&&qmb@edfthe;ngﬁnhﬂgiandntﬁosﬁngpnbvb@pdm§t$hutoff
valve 7, it should be suitably set within a range that does not have an
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and cIOS|ng of bypass shutoff valve 7 is 10 preferably carried out
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valve 2 or flow meter 3, a bypass line 6 thereof, a bypass shutoff
valve 7 provided in bypass line 6, an upstream shutoff valve 4
and a downstream shutoff valve 5.

Examples of a device for handling an easily polymerizable
substance of the present invention include a distillation device,
extraction device, absorption device, evaporation device,
decanter, compressor, pressure reducer and pump used to
synthesize, purify, hold (store) or distribute an easily
polymerizable substance.

In a first embodiment of a device fof'handling an easily
polymerizable substance of the presént invention, a liquid
containing an easily polymerizable substance retained in bypass
line 6 is renewed by intermittent opening and closing of a bypass
shutoff valve 7 of the line provided in this device.

In the device for handling an easily polymerizable substance
of this embodiment, flow through bypass line 6 is normally

completely blocked by bypass shutoff valve 7, the entire amount




In addition, there are no particular limtations on the nmethod for
intermttently opening and cl osi ng bypass shutoff valve 7. A solenoid valve
and so forth may be used for bypass shutoff valve 7 and its openi ng and
closing may be controlled autonmatically by a control device, or bypass
shutoff valve 7 may be opened and closed manually. In this nmanner,

accordi ngft aigbheddevneaihohghandkbsglgnpeagnkyipabysesupabhecsubsbance of
this enbodi ment, by renewing liquid containing an easily pol ynerizabl e
subst ancehirehahNetol LdMRRIS vhilRe 4 riklendtitent raBanEsg: A9H w108l ng of
a bypass shutoff valve 7, the formation of a polymer due to polynerization
by the easl I gHF§ I in i i i hi s
pol yrer ?5ﬂ%¥ﬁgﬂﬁ¥§§§§a??hgse o%ggggﬁgg%%ﬁd%%%nggI%%%%é%éﬁ%&%%¥%§%econd
enbodi ment_ of deyice _for handling an easil o]l yneri zabl e substance of
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pol yneri zabl e substance that flows through a line is made to continuously
f1 ow t hr BRGHMETBFRRIE PIRRLENGG KeHinRf ANbhPaass shineff 1§arsreweddY he
line provided in this device during handling of a |iquid containing an
easi |y pehyeemizibhtlyubpeanvg. bypaskesdetpté felvhandandgadhoeasyl g

pol yneri zabl e substance of this enbodi nent, bypass shutoff valve 7 is
conti nuopslkry iopepnédtael Ltigheddubhnginsagohint Basdeyi pelimerbhasdléng an
easily 11 pol yneri zabl e substance, the flow volunme of the |iquid

cont ai ni ggbaRafasi tia POt YRS itzakl R rsubskancs thals thewsghhwereds a fow
control valve 2 or flownmeter 3 is nade to be 80% or nore of the total fl ow

vol ume of; easily polynerizable substance that flows through Iline 1, and a
portion of the liquid containing an easily polynerizable substance that

f1ows throuQ%h%'%%e%u%%cga%% %%i%%ogypass shutoff valve 7 is

intermittently opened and closed should be suitably set according
to the type of easily polymerizable substance handled, the amount
of polymerization inhibitor added thereto and so forth in
consideration of the ease of polymerization of the easily
polymerizable substance retained in bypass line 6. Bypass
shutoff valve 7 preferably opens and closes regularly. The
period of this regular opening and closing is preferably suitably
set within the range from once an hour to once a year, and more
preferably suitably set within the range of once every 8 hours
to once a month.

In addition, although there are no particular limitations
on the time required for opening and closing of bypass shutoff
valve 7, it should be suitably set within a range that does not
have an éffect on processes upstream and downstream in the line.

Normally, opening and closing of bypass shutoff valve 7 is




t hrough bypass line 6 to prevent the liquid containing an easily

pol yneri zabl e substance from being retained in bypass line 6. At this tineg,
al t hough the flow volunme of the |iquid containing an easily polynerizabl e
substance that flows through rom1conH§ valve 2 or flow neter 3 is
preferably 90% or nore of the total w volume of |iquid containing an

easily pﬁk%ﬁ@ih%@@d%ﬁ%ﬂ&ﬁé@@%ﬂ@%ﬂnié%@%ohﬁ%oqghihbﬁﬁrésuiﬁ nasstedte be
100% If the flow vol une of |qU|d contalnlng an easily polynerlzable
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oW Vol 'ow of easily polynerlzable
substance th ass || ne 6 _and as esu asi. ol yneri zabl e
substance is Peggﬁﬁé Opgy t eFSnarSePPOHaB%lFPhﬁt lﬂ§%§§§op¥n8n6%ﬁFhereby
maki ng this undesirable. Thus, the flow vol une of qui d contajnin
easily paﬁyﬁeﬁu£95|én595§@5he@t%ha@p$mbng @%@oﬁbﬁS%m%szBﬁ%?oF 95?3% 2 or
flow neter 3 is nore preferably 90 to 99.5% of the total flow volune. If
the flowadkiang. ofA |Sianbichivadiviei rgdasoefiskth pay yrerused| o dhyiagtce t hat
flows through flow control valve 12 2 or flow neter 3 is 80% or nore of

t he totakhhktowfvohume of ahdquts o bndiagd adl esigid yngo | harerdrdaty ld ed
substance that flows through line 1, then the flow volunme of |iquid

contai ni patBRaeashhy 99¢¥n66h%§8h€aé$4&%ea@er%paésféﬁﬂ%bﬁﬂwh@qga B lnewy
control valve 2 or YOM/neter can be secured to an industrially

satisfachrg gggae?ngnggg%¥dtﬁa§uggg ee that the flow volune can be

accurate BRt ol oW con “valve 2, or to a degree that the flow
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Contalnlgg 3%e$?35£¥ep§$gQE£$§SQL§tﬁﬁgfgﬁggglhﬁnt by renewing liquid
containing an easily polymerizable substance retained in bypass
line 6 by intermittent opening and closing of a bypass shutoff
valve 7, the formation of a polymer due to polymerizafion by the
easily polymerizable substance retained in bypass line 6 and this
polymer causing bypass line 6 to become clogged are prevented.
In a second embodiment of a device for handling an easily
polymerizable substance of the present invention,‘a portion of
a liquid containing an easily polymerizable substance that flows
through a line is made to continuously flow through a bypass line
6 by opening a bypass shutoff valve 7 of the line provided in
this device during handling of a liquid containing an easily
polymerizable substance.
In the device for handling an easily polymerizable substance

of this embodiment, bypass shutoff valve 7 is continuously opened

a little during use of the device for handling an easily



i nadequate, and the control and neasurenent of flow volunme cannot be
carried out accurately. In addition, another exanple of a nmethod for
accurately securing an industrially satisfactory flow volune of liquid
containing an easily polynerizabl e suhstance that flows through flow
control valve 2 or flow neter 3 consists of inserting an orifice that

limts tF%l%@WﬂQBME‘%&H’H’t‘H{% PYREFA v $61&me W@&iqhﬁh%d‘fﬁiﬂ%dé not

preferable Since the flow volume of |liquid containing an easily

pol ymeri zab S u y | | ecr S
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repair or replacenent of flow control_ valve 2 or fl Jreter 3. lp. this
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substance of _this enbodi nent, by continuously opening bypass shutoff valve
7 a |ittretadr fhgw uselyre iHe s@diiilde PolymerdzapidrirRgtaiceashaly flovws

pol yneri zabl e substance to allow a portion of liquid containing an easily
pol ymer i zhisbegbubttance anbad ddmwvisort lrfotga liqueid conthliownghao’fsbipass
line 6, the formation of a polyner due to polynerization by the

-easi | y- ppbypReirziabbe e ssilisd tentee takhal Absws thnadslined 6satdia hostpad yner
causi ng bypass line 6 to becone clogged are prevented. A liquid containing
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containing an easily polymerizable substance that flows through
flow control vaive 2 or flow meter 3 is preferably 90% or more
of the total flow volume of liquid containing an easily
polymerizable substance that flows through line 1, it must not
be 100%. If the flow volume of liquid containing an easily
polymerizable substance that flows through flow control valve
2 or flow meter 3 is 100% of the total flow volume, then there
is no flow of easily polymerizable substance through bypass line
6 and as a result, easily polymerizable substance is retained
for a long period of time in bypass liﬁe 6, thereby making this
undesirable. Thus, the fléw volume of liquid containing an
easily polymerizable substance that flows through flow control
valve 2 or flow meter 3 is more preferably 90 to 99.5% of the
total flow volume.

If the flow volume of liquid containing an easily

polymerizable substance that flows through flow control valve




In addition, there are no particular limtations on the easily

pol yneri zabl e substance handled in the device for handling an easily

pol ymeri zabl e substance of the present invention provided it is a substance
that polynerizes easily, an exanple ofiysuch a substance is a pol ymerizing
vi nyl conpound. The device for handling an easily pol ynerizabl e substance
of the p?esefilowmwsidr Gnis B08XxdF eitleyoeftfirctovalifidheotase dhaieadid y

pol ynmeri zabl e substance is (nmeth)acrylic acid, (meth)acrylate ester or
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i ncl ude unsaturated carboxylic aC|ds such as (meth)acrylic acid;
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al koxyl group-containing (neth)acryl ates such as

hydr oxyetbyt fokl &d dey lawecohydobxyprepyl, ( oet ) actdgbate, that the flow
2- met hoxyet hyl (nmet h) acryl ate and 2- et hoxyet hyl (net h) acryl ate,
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triethylene glycol di(neth)acryl ate, utyl ene glycol di(neth)acryl ate,

1,6- hexagfgfé)&leﬂtwﬁé&)f?wbgiﬁmeQOA xggg ?‘Loxyf’g' yaCIn@hg”ﬁw%ﬁx&n@e and

trimethyl ol propane tri acrylate~ ca cont al ni ng
(nEth)acéflfigéléugoné 3ifAl gﬁgg)ggéyiOylolymerlzable substance is

inadequate, and the control and measurement of f£low volume cannot
be carried out accurately.

In addition, another example of a method for accurately
securing an industrially satisfacfory flow volume of liquid
containing an easily polymerizable substance that flows through
flow control valve 2 or flow meter 3 consists of inserting an
orifice that limits the flow voiume through bypass line 6.
However, this method is not preferable since the flow volume of
liquid containing an easily polymerizable substance able to flow
through bypass line 6 decreases thereby preventing bypass line
6 from fulfilling its inherent role during repair or replacement
of flow control valve 2 or flow meter 3.

In this manner, according to the device for handling an easily
polymerizable substance of this embodiment, by continuously

opening bypass shutoff valve 7 a little during use of the device



oxyet hyl phthal ate and 2-(neth)acryl oyl oxyethyl hexahydrophthal ate;

di al kyl am noet hyl (net h) acryl ates such as di net hyl am noet hyl (net h) acryl at e,
di met hyl am noet hyl (net h)acryl ate met hyl chl ori de,

di met hyl am noet hyl (et h) acryl ate benzxé chl ori de and _

di et hyl am noet hyl (net h) acryl ate; hal ogénated al kyl (neth)acryl ates such as

trifluor et MBI AR 5 aﬂfgéﬂ?mem%ébﬂ@%ﬁf&%ﬂé%%@% ApRidviaer Yl ate;

and unsat urat ed al dehydes suc (meth)acrolein. The easily pol ynerizabl e

subst ance.ay, e pEesent; b B oLy pglg}ngggrz b6 AuRlUlAld Lol gEpOUnds.

A polynerlzat on In or > Such stance suc

Compound PEHBP TR 1o hikfld B Ao SRS b S L0 R g

polynerlzable subst ances. A poly nerlzatlon i nhi bi tor effectlve for a liquid
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pol yneri zabl e substance during the retention period in the device for
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pol ymerization inhibitor is required to prevent polynerization of the
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Thus, if Irquid containing an easily poly e retained in
a bypassshbggahgerg?e%ge p¥eg££g 1n9englon refers to a liquid that

contains 1% by weight or more of an easily polymerizable substance.
In addition, examples of substances other than an easily
polymerizable substance that compose the liquid containing an
easily polymerizable substance include water and various organic
solvents.

In addition, there are no particular limitations on the
easily polymerizable substance handled in the device for handling
an easily polymerizable substance of the present invention
provided it is a substance that polymerizes easily, an example
of such a substance is a polymerizing vinyl compound. The device
for handling an easil§7poiymerizable substance of the present
invention is extremely effective in the case the easily
polymerizable substance is (meth)acrylic acid, (meth)acrylate
ester or (meth)acrolein in particular.

Examples of polymerizing vinyl compounds include

unsaturated carboxylic acids such as (meth)acrylic acid;




| irfqui d containing an easily polynerizable substance to flow through the
bypass line by intermttently opening and cl osing a bypass shutoff valve in
t he manner of the device for handling an easily pol ynerizabl e substance of
t he present invention, or 16 if a pgrtion of a liquid containing an
easily polynerizabl e substance flowing through a line is allowed to fl ow

t hrough almqumgthba%rbﬁa%@@t%ueausbymee&Phmﬁeahbxe@§§aﬁeutoff'valve a

little while the device is being used, polynerization of the easily

pol yIrer | 286k 1SHIBLANGE EGLALISACN LBBOYPATRCLhSCRINabE, Pr event o

wi t hout using a | arge anount pol ymeri zation I nhibitor. Thus, since the

bypass |ine,can be us effectively duging, repair.or | acenent of a flow
control varsesey RrEYLisRsrTSeniTaker o Paev EPEHindkeRB=RERTERS e Shu
down at that tinme, thereby nmaking it possible to_reduce costs. Exanples The
fol | owi ng2SF i (FEEE) pREYePLEet STdFCFHS (BREBSAFTYAGERL PBH by indicating
specific exanples using Figs. 1 and 2. Exanple 1 Aliquid in which

pol yrer i s&ceayli(nkith) eerylofer halioymlof, Sahgnat b¢ phedioths et ey @k 10
ng/ 1 of hydroqui none were added to crude nethacrylic acid having a purity
of 990 bwynveidghty lwas calpl-cwadatiaihgowmehhoaghyadntaseauthomsnet er capabl e of
measuring from2 to 10 kl/h at 35C to neasure its flow vol une. Flow vol une

was UEaS@&%doﬁ@&@hﬂﬁ@%ﬁhﬁc&@&a@QQUbeazyQQmétH@hb@g&@ﬂéwﬁng the liquid _
retained in a bypass line 6 by opening a bypass shutoff valve 7 provided in
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tetrahydrofurfuryl (meth)acrylate and aryl (meth)acrylate;
hydroxyl or alkoxyl group-containing (meth)acrylates such as
hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate,
2-methoxyethyl (meth)acrylate and 2-ethoxyethyl (meth) acrylate,
multifunctional (meth)acrylates such as ethylene glycol

di (meth)acrylate, triethylene glycol di(meth)acrylate,
1,3-butylene glycol di(meth)acrylate, 1,6-hexanediol

di (meth)acrylate, polypropylene glycol di(meth)acrylate and
trimethylol propane tri(meth)acrylate; carboxylic
acid-containing (meth)acrylates such as 2-(meth)acryloyl
oxyethyl phthalate and 2-(meth)acryloyl oxyethyl
hexahydrophthalate; dialkylaminoethyl (meth)acrylates such as
dimethylaminoethyl (meth)acrylate,

dimethylaminoethyl (meth)acrylate methyl chloride,
dimethylaminoethyl(meth)acfylate benzyl chloride and
diethylaminoethyl (meth)acrylate; halogenated

alkyl (meth)acrylates such as trifluoromethyl (meth)acrylate and




measuring flow volune, there was no polyner of nethacrylic acid 17
present therein, and cl ogging of bypass |line 6 by the polyner was not
confirmed during neasurenent of flow volunme. Exanple 2 The flow volunme of a
| i quid containing nethyl nmethacryl ate gaving a purity of 99.99% by wei ght
to which a polynerization inhibitor had not been added was controlled by a

fl ow conhegkavakyelcapahbey®iimeeayhatyNatel ONn o Ohne®t i Pafed G ldeHddds at a
tenperature of 15C for operation of a factory line. The factory |ine was

oper al ed S6aRtL SUqshy Aol 1ahou! BnYeals; Wie Rnaulng ol bepLt gHbd i ai ned

in a bypass I1ne 6 by opening a bypass s f valve 7 provided in bypass
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days. When pypass |Irn g conpleti'on of operation,

there was no_pol yner of nethyl nethacrylate present, therejin, and cl qggi ng
of bypass Iiﬁbp@¥ﬁvefﬁéa5699hﬁﬂ‘ HotUEGNR r?n&TQ&GFHnﬁugﬁE?ﬁ??dﬂ*ggxanple

3 Aliquid in which polynerization inhibitors in the formof 50 ng/1 of
hydr oqui Réndiphsnydnégrydéhrerhart ol Phanpdvirgigaplver yPenzoayd BYNGei ght was
allowed to flow through an area fl ow neter capable of neasuring from4 to
14 kl/ h deri€atdaveeasuretid sopoundol smeorkh bl vadderk atasboeaslr2d to
continuously for about 2 years while renewing the liquid retained in a

bypass | 10® @pkytopeReBe aabYPgsposhmbelizapakveubspaareded in bypass line 6
in the manner shown 18

A polymerization inhibitor effective for a liquid containing
an easily polymerizable substance is also added in the handling
of an easily polymerizable substance using a device for handling
an easily polymerizable substance to prevent expected
polymerization of the easily polymerizable substance during the
retention period in the device for handling an easily
polymerizable substance. However, a large amount of
polymerization inhibitor is required to prevent polYmerization
of the easily polymerizable substance that has been retained for
a long period of time in the bypass line without being renewed.
The use of a large amount of polymerization inhibitor is
undesirable since it leads to increased costs.

Thus, if a liquid containing an easily polymerizable
substance retained in a bypass line is renewed by allowing the
liquid containing an easily polymerizable substance to flow
through the bypass line by intermittently opening and closing

a bypass shutoff valve in the manner of the device for handling

an easily polymerizable substance of the present invention, or



in Fig. 2 for about 1 second once every three days. \Wen bypass line 6 was
i nspected foll ow ng conpletion of neasuring flow volune, there was no

pol ymer of nethacrolein present therein, and cl oggi ng of bypass |line 6 by
the pol ynmer was not confirned during ngasurenent of flow vol une.
Conparative Exanple 1 The flow volunme of a liquid containing crude

met hacr yliifcaapbdtwaa bBEaauleduid tbataamengaaneeaaslixpopimetivabhet he
exception of not opening and cl osi ng bypass shutoff valve 7 provided in

bypass | ki8s€ahet h@omﬂgeth%gxyﬁ hN1Ehg. id. ahenedybassi Shutwidugtalare 7
provided in bypass line 6 was opened since the area fl ow nmeter
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bypass line 6 was_replaced since it was clogged with pol ynmer of nethacrylic
aci d. CoﬁﬁéﬁéylQQIE&ﬁﬁﬁFébéeTﬁ%b$T%QF%rﬂ?ﬁﬁQQﬁdz%q aﬁlﬁyEBﬁFa}h?%d*ﬁ%thyl
met hacryl ate was controlled in the sanme manner as Exanple 2 with the

except i oReoPrryENspankiaghand usésiong bypassashunsf pfvapkemerpratiged in
bypass line 6 in the manner shown in Fig. 1. Wen bypass shutoff valve 7
provi dedinhibypazs |Timesp siasceopdredypansel toataaol babubedye tfedt iowe loont r ol
val ve 2 becane poor 19 six nonths after starting operation, bypass |line

6 was cl aggedgarpd i K8k & GAMRIMENo fBt fiYdw BBhRae! Waate yag1snadeet 0 flow
through. Thus, the entire factory had to be shut down to perform

mai nt enapgg eﬂtn@%gee&&g %e!@é Vot hoﬁ\«\!aert& e 'sﬁﬁ'tdQ?QB bypasse |4 ik 6 was

i nspected, it was found e cl ogge pol ynmer of met hyl nethacrylate
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Examples

The following clarifies the effects of the present invention
by indicating specific examples using Figs. 1 and 2.

Example 1

A liquid in which polymerization inhibitors in the form of
5 mg/1l of phenothiazine and 10 mg/l of hydroquinone were added
to crude methacrylic acid having a purity of 99% by weight was
allowed to flow through an area flow meter capable of measuring
from 2 to 10 kl/h at 35°C to measﬁre its flow volume.

Flow volume was measured continuously for about 2 years while
renewing the liquid retained in a bypass line 6 by opening a bypass
shutoff valve 7 provided in bypass line 6 in the manner shown
in Fig. 2 for about 2 seconds once every three days.

When bypass line 6 was'inspected following completion of

measuring flow volume, there was no polymer of methacrylic acid




met hyl nethacrylate was the direct cause of poor controllability.

Therefore, the entire bypass |ine 6 was repl aced. Conparative Exanple 3 The
flow volunme of a |iquid containing nethacrolein was neasured in the sane
manner as Exanple 3 with the exceptioi of not opening and cl osi ng bypass
shutof f valve 7 provided in bypass line 6 in the manner shown in Fig. 2.

Wen byp§§§s§1kﬂt't9tf1éré/?fll Vearld REQYd Siatly IdF passs it & wAas terepedymkrce the
area flow neter nalfunctioned three nDnths after starting nmeasurenent,

bypass | @g? i agspl/l N was unable to
fl ow thr%%ghgo %%Iggﬁen (Ifij H&'aécemgfl re ae(i}%tr'c1)r€jghadcg %e ng%wt down to
repl ace the Erea E ﬁlneter When the internediate sectlon of bypass line 6

was i nspecte tire bypass line 6 was replaced since it was clogged
wi th polymer of nethacrolein. On_the basis of the results of Exanp

through 3 andPEofbel G IHNERdnBl LS HEdRRigh BLNG MY Gy aleftélta&.raféatﬁn
bypass line 6 is renewed by intermttently opening bypass shutoff valve

20 7, byhavingi acp6rivg ebrif9 P o westghie tel odged By Pedlyyead ZatNROSTRI AL
APPLI CABI LI TY As has been expl ai ned above, since the nmethod for handling an
easi |y pbhyineitaabhad snbistiseaee addddevgy esardrd ivehthyora rfdoewsoatiriodui d
contai ning an easily polynerizable substance retained in a bypass |ine by

i nterm t&sm&éycgﬁgmélgoﬁnsegﬁpﬁmg afﬁMt%IurM@ ¥e 5nc@ 13 neLpiawi ded with
a flow control valve of fl OM/neter bypass Ilne of the flow control valve

or flow peter_apd _shuto rovi . ded | pass .l.i retention of
l'i qui d cge?‘g?ﬁ?ﬂ‘dr?in t L%Ici/ Qfﬂeerrlaztai’ﬁrb zfr?ycé’rﬁ'e)}d‘r% ‘a predicted
retention tinme in a bypass Ilne is ellnlnated t her eby preventing the
liquid cont a?hﬁn@a@w@aéﬂw wo$ \aRemaLasl EOBLBBYRARELYf BePY e M2y
resulting in the polynmer clogging the bypass line. In addition, since the
met hod fwhihanddnewiren tbasiigupdl seterireablio subhaswd ioke bHey pm@émlg
invention allows a portion of a liquid containing an easily poiynerizable

subst ance Bwdsd |0 dfifr 9HUte a7 [drteritded Lavbyba osidhi ree By paschd imaankey
opening a shutoff valve during handling of a liquid containing an easily

pol ymeri gablg $HbBLGNCE EHraabbiie 2 hsosghddhbEde deté £l €h €eat Py Ng an
easily polynerlzable substance flows that is provided with a flow contro

val ve or floyv g8 8o aésbxgﬁgs 'uaﬁe% %Qeté{jowoma&mg ¥§r|n§5§e9iorf1|8f\’ meter,

and a shut of provi int ass line, the easil polynerlzable
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therein, and clogging of bypass line 6 by the polymer was not
confirmed during operation.

Example 3
A liquid in which polymerization inhibitors in the form of

50 mg/1 of hydroquinone was added to methacrolein having a purity
of 90% by weight was allowed to flow through an area flow meter
capable of measuring from 4 to 14 k1/h at 5°C to measure its flow
volume.

Flow volume was measured continuously for about 2 years while
ienewing the liquid retained in a bypass line 6 by opening a bypass

shutoff valve 7 provided in bypass line 6 in the manner shown



_ polynerizabl e substance can be prevented. Thus, the bypass |ine does not

becone clogged with a polyner of the easily polynerizable substance. In the
af orenenti oned nmethod for handling an easily pol ynerizabl e substance, if
the flow volume of the liquid contai nLth an easily polymerizabl e substance
t hat flows through the flow control ve or flow rreter is 80% or nore of

the tota zlhfqv V%)ovvs tﬂ ot qlu'{e&&{t{ Y G AYLaTidae RRlygTeri zabl e

substance t ough t 1 ne, polymeri zatl on o the easi I y

pol yreri zabl sgance £an b vent I
the liquid c@h?al nY%a anfle%%l y‘P‘%%I yrger? 1}/%? Po sta ce t té)%lyi ovvs the flow

control val ve or flow neter to degree that ontrol asurenent of

f1 ow volMRRSEE Dt ki r R in %Eediﬁ:qé‘faeﬁ VIO BP-HAE @ﬁa t?‘g"lrc]:rtole | ng an
easily pol ynmerizabl e substance of the present invention, since uid
cont ai nipReseNeddieneigol ARt | B Nt AVPS et ldnge& PH éhﬁyBS ¥mF3 ne is
renewed by intermttently opening and cl osing a shutoff valve in a device
for handlasngnhan east iymed| Jumeing aidas sudetrancet prlow dedumsie-h a |ine t hrough
which a liquid containing an easily polynerizabl e substance that is

provi ded w thomphtowi¢ontxehpval ve or flow neter, a bypass line of the flow
control valve or tlow meter, and a shutoff valve provided in the bypass

ine, retentiQs [ { Qe AN iiRhNAG é@n%ﬂli pelEEkd Zaht ey Bibat-adce
beyond a predi cteé) retention tinme 1n a bypass ?I ne is elimnated, thereby

preventi n trnpeeasldr%udd tgz con ar{]{ﬂjlrpegﬁ ar %Qgtngxepglvyl %%BIGQC;; lggtjgnce

from pol YR ZATY Tesdl tg TNt yrrer ggi ng t he ass line. Since

the device Tor hand ing @ easi]y nolvIEr | 28hs U ance L AR Pigsent

i nventi oh

bypass line 6 in the manner shown in Fig. 2.

When bypass shutoff valve 7 provided in bypass line 6 was
opened since the area flow meter malfunctioned three months after
starting measurement, bypass line 6 was clogged and liquid
containing crude methacrylic acid was unable to flow through.
Thus, the entire factory had to be shut down to replace the area
flow meter. When the inside of bypass line 6 was inspected, the
entire bypass line 6 was replaced since it was clogged with polymer
of methacrylic acid.

Comparative Example 2

The flow volume of a liquid containing methyl methacrylate
was controlled in the same manner as Example 2 with the exception
of not opening and closing bypass shutoff valve 7 provided in
bypass line 6 in the manner shown in Fig. 1.

When bypass shutoff valve 7 provided in bypass line 6 was

opened since controllability of flow control valve 2 became poor



contai ning an easily polynerizabl e substance that flows through a line to
fl ow through a bypass |ine by opening a shutoff valve during handling of a
| iquid containing an easily polynerizabl e substance in device for handling
an easily polynerizable substance provjgled with a |ine through which a
l'iquid containing an easily polynerizabl e substance flows that is provided
with a flewx eonthel afabyesoirtiny spdedticn bYpRaRSd 110k whs tloygeantrol
valve or flow nmeter, and a shutoff valve provided in the bypass line, the

easi |y pelngranigal @ aRshanee et nal meehalcRed akR A8 ByRBIE kbneiand
pol ynmeri zati on of the easily polynerizabl e substance can be prevented.

Thus, th YRS I d .hec i 0 asily
pol ymer i gte{ﬁrl e sdbs?gﬁgé?&?e %gkﬁ\%gtpﬁt%g?‘%@gt&s&g‘fﬁug An%‘{yﬁrggaé%%ﬂﬁgﬁdl i ng
an easil ol.ynmeri zabl e_subst ance conpri sing step of, renew liquid

cont ai ni ﬁrbaplé‘r%é‘é‘ﬁcleyoﬁofg%ﬁ% % ggﬁé’teahce @é‘?%i gL eb?t%g%%p??%e by
intermttently opening and closing a shutoff val ve when |iquid containing
an easi | Y1396 \Pm¥ieisz 4BSeestiBst ahEeWpBohRURHr BAgReacl PABEPr BiFRISRCWRRL a f 1 ow
control valve or flow neter, the bypass line of the flow control valve or

t he fl owafemechvametihecshlatod f Thlevedheoendedof thimepbypmes directly A

nmet hod for handling an easily pol ynerizabl e substance conprising a step of
al | owi ng o QWi 66nekod value R cydampdmg i) faasi bf pobMpert@ebh &nSdpst ance
flowng through a line to flow through a bypass |ine by opening a shutoff
val ve Whede tHyaUh&t 690 fi 4t OG8Nt 1RA8H kX cBUMRS bERRI A éé&%f@ﬂf@bii?ﬂ‘?.
through the I'ine provided with a flow control valve or flow neter, the

bypass lifﬁ%%%¥&&%§ Q%%We%%q&%gkykﬁg%elgée;%owﬁgﬁggﬁiaggg.the shut of f val ve

provi ded in e bypass I né. met h or ng an easily
polynerizablg subst ance ﬁgcorﬂin% to claim2, wherein the flow vol une of
the liquid c } \Z | ymeri zabl e substance that flows through

The flow volume of a liquid containing methacrolein was

measured in the same manner as Example 3 with the exception of
not opening and closing bypass shutoff valve 7 provided in bypass
line 6 in the manner shown in Fig. 2.

When bypass shutoff valve 7 provided in bypass line 6 was
opened since the area flow meter malfunctioned three months after
starting measurement, bypass line 6 was clogged and liquid
containing methacrolein was unable to flow through.
Consequently, the entire factory had to be shut down to replace
the area flow meter. When the intermediate section of bypass
line 6 was inspected, the entire bypass line 6 was replaced since
it was clogged with polymer of methacrolein.

On the basis of the results of Examples 1 through 3 and
Comparative Examples 1 through 3, if liquid retained in bypass

line 6 is renewed by intermittently opening bypass shutoff valve
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bypass line of the flow control valve or flow meter and shutoff
valve provided in the bypass line, retention of liquid containing
an easily polymerizable substance beyond a predicted retention
time in a bypass line is eliminated, thereby preventing the liquid
containing an easily polymerizable substance from polymerizing
resulting in the polymer clogging the bypass line.

In addition, since the method for handling an easily
polymerizable substance of the present invention allows a portion
of a liquid containing an easily polymerizable substance that
flows through a line to flow through a bypass line by opening
a shutoff valve dgring handling of a liquid containing an easily
polymerizable substance in a line through which a liquid
containing an easily polymerizable substance flows that is
provided with a flow control valve or flow meter, a bypass line
of the flow control valve or flow meter, and a shutoff valve

provided in the bypass line, the easily polymerizable substance

is not retained in the bypass line and polymerization of the easily
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5. A device for handling an easily polymerizable substance
provided with a line through which a liquid containing an easily
polymerizable substance flows and which is provided with a flow
control valve or flow meter, a bypass line of the flow control
valve or flow meter, and a shutoff valve proyided in the bypass
line; wherein the device has a mechanism by which a liquid
containing an easily polymerizable substance retained in the
bypass line is renewed by intermittently opening and closing the

shutoff valve.

6. A device for handling an easily polymerizable substance

provided with a line through which a liquid containing an easily
polymerizable substance flows and which is provided with a flow
control valve or flow meter, a bypass line of the flow control
valve or flow meter, and a shutoff valve provided in the bypass
line; wherein the device has a mechanism by which a portion of

the liquid containing an easily polymerizable substance that
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