DESCRI PTION TI TLE GE TN V ENTI ON Met hod of Sensi ng,
Abnorrmal Condition in Heat Exchange Process and |4eat 5Exchange

Appar atus TECHNI CAL FI ELD The present invention relates to a nethod
in sensing an abnormal condition in a orocess of heat exchange

bet ween a heat nedi um ends process fluid and a heat exchange
apparatus of which abnormal condition is sensed with the nmethod of
sensing litan abnormal condition. BACKGROUND ART In a heat
exchange process, fused sag, ecate( or the like is enployed as a heat
medi urn, and a tenperature et a process fluid Is adjusted to a
prescribed tenperature as a result agfpfepipgxshange between this heat
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properties 33???%3ﬁ75?§5b?8 heat conduction capability, (2) high

chem cal st a high tenmperature, and (3) ease in

tenpera:tare contviethod She&@i £ondrisedosdtibn haSceBRhAMSRPrasesa ahd GRat
tenperature heat nediumfix heating or cooling various process
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10 an abnormal condition.
BACKGROUND ART
In a heat exchange process, fused salt, water, or the like is employed as a heat
medium, and a temperature of a process fluid is adjusted to a prescribed temperature as
a result of heat exchange between this heat medium and the process fluid. For

15 example, fused salt which is a mixture such as sodium nitrite and potassium nitrate has
such properties as (1) excellent heat conduction capability, (2) high chemical stability
even at a high temperature, and (3) ease in temperature control. Therefore, fused salt
has been used as a high temperature heat medium for heating or cooling various
process fluids.

20 During the heat exchange process, a process fluid may leak due to corrosion or
the like of a pipe. Therefore, in order to sense leakage of a process fluid, various
methods have been studied. For example, Japanese Patent Laying-Open No. 2003-
83833 (PTL 1) has proposed a method of sensing a gas component (nitrogen oxide)
generated at the time when a leaked process fluid reacts to a heat medium. in a vapor

25 phase portion in a flow path for the heat medium.
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Cl TATI ON LI ST PATENT LI TERATURE Ellt, 1: Japanese Patent Layi ng-Open

No 2003-83S8.4 SUMVARY OF | NVENTI ON ' TECHNI CAL PROBLEM In a
case where secondary al cohols are enployed as a process fluid,
however, an antouril of iiitinerated nitrogen oxide enginatlng from

reaction to hissed, salt representing the beat nediumis :email.
Then, with the nethod of sensing nitrogen oxide, it takes time until
an ahnontal condition can be sensed after | eakage of the process
fitiiit and at the tine point when an abnornmal condition is sensed,
t he heat medium and the process fluid or the |like have already been

wel | mxed, andyMer&;hasHBeeR a possibility of occurrence of a
secondary di saster such as expl osi on. It is an obkitit of the
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i ncl udes secondary S or a ydr at e ct thereof.

tion, id IS alidg iarkes toid ewt! ahabpomwvil dendtibreadn exehanigdtcappangt efshof
wi nch abnormal condition is sensed with such a nethod of sens;j ari,
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above, and consequently paid attention to the fact that a | arge

anount of hybicogawsghisity sf geneeateed aasc@ndassdibastayfsudomt aptosand

reacti on between f.lea ed prgﬁgss ngluid and a bgﬁt n%%iﬁrgin a heat
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product thereof:. Then, the present inventors have found new thti
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in a heal exchange grocess fiat heat exchange between a heat nedi um
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t hereof, and the nethod has a sensing step of sensing hydrogen gas

gem nat ed asSQLiESONTOfPRIOBLBET bet sveien tine proctiss thud and

The present inventors have conducted dedicated studies for solving the
problems above, and consequently paid attention to the fact that a large amount of
hydrogen gas is generated as a result of contact and reaction between a leaked process

20 fluid and a heat medium in a heat exchange process for heat exchange between the heat
medium and the process fluid (including secondary alcohols and/or a dehydrated
product thereof). Then, the present inventors have found new facts that leakage of a
process fluid can promptly be sensed by sensing this hydrogen gas in a vapor phase
portion in a flow path for the heat medium, and completed the present invention.

25 Namely, the present invention provides a method of sensing an abnormal
condition in a heat exchange process for heat exchange between a heat medium which
is fused salt including nitrate and/or nitrite and a process fluid which is secondary
alcohols and/or a dehydrated product thereof, and the method has a sensing step of

sensing a hydrogen gas generated as a result of contact between the process fluid and
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ate heat rnediunmn a vapo.p idse pontion in a flow path for the heat
medi um in the nethod of sensing an abnormal condition
according to the present invention described above, preferably, the
fused salt includes nitrate and 20 to 90 weight of nitrite and has a
melting point from 100 to 200' C In addition, the present

i nvention provides a heat exchange apparatus including a process
fluid flowinmh through which a process fluid including secondary

al cohol s and/or a dehydrated product thereof flows, a heal: nmedium
fl ow path through which a heat nmediumwhich is fused salt including

nitrate anther nitrite flews, a heat exchanger far _.heat, exchange
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reference to
encompassing also a dehydration process of alcohol.

15 ADVANTAGEOUS EFFECTS OF INVENTION
According to the method of sensing an abnormal condition in a heat exchange
process or the heat exchange apparatus in the present invention, in a heat exchange
process for heat exchange between a heat medium and a process fluid (including
secondary alcohols and/or a dehydrated product thereof), leakage of a process fluid can
20 promptly and readily be sensed by sensing a hydrogen gas generated as a result of
reaction between leaked secondary alcohols and/or a dehydrated product thereof and a
heat medium.
BRIEF DESCRIPTION OF DRAWING~
Fig. 1 is a schematic diagram showing one embodiment of a heat exchange
25 apparatus according to the present invention.
Fig. 2 is a schematic diagram showing a test apparatus used in a verification test
according to the present invention.
DESCRIPTION OF EMBODIMENTS

The present invention will be described hereinafter in detail with reference to
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the drawings. Fig, | is a schematic di agram showi ng one or: Mdd: mem of
a heat exchtinge apparatus accord:rig to the present tt3i,ent)Oi. In
t he heat exchange apparatus shown in Fig. |, an abnornmal condition of
| eakage of a process futici is sensed with the nethod of sensing an
abnormal condition according to the present invention, ftThe heat
exchange api sartnns shown in Fig. 1 includes a process fluid flow
path through which a process fluid including secondary al cohol s
and/ or a dehydrated product thereof flows, a heat nediumflow path

t hrough which a heat nmediumwhich is fused salt including nitrate

and/or nitrite flows .heat exchanger. | far heat exchange between
the process fﬁ%ﬁ%‘”‘&ﬁ% '?FHE' ﬁ@ﬁtscﬁg@iﬁ%‘a@ﬁﬁl SQOW%%‘}%E@HDO&?@“&&{%}Q%
for 10sensi ngxchahydiDgRMsGRSARBES Alcadeast AvERSH t 1RfhoRIBEIcHRgtMeen
the process' fluid and the heat nedi um The litrecess fluid

fl ow path i sapigratpasiomeundid . peshnoroeleebndsidnorgesdsgacir poess ffuididsensed
nows there: bre; sS fluid is supplied to h exchanger .l
t hrough a pi %@hgﬂ%rr%&gflg%g%rﬁl d"t Irl%%alsrl C%n‘%ﬁ%%a‘fcobﬁ% fogﬁtbe Reaf™t ¥<ntion.
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process fluid flow path nmeans_a fl ow path through stehich a process

fluid flows (e which g pregepsofiddincliding eesenéae ikegelr any/oapdeaydrhew
th b h : ' ' t \hint ... .
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| ong as a heétsedredi iodufiirustrithen@bhfioigflowhi a hbe cpeieseat | eedi dRALnge
hat heat ; beg: turn flow path nmeans a fow path including 20heat
exchanger |, PEVsEp@edrogshaud ang dicuipat Bskiumn. aad gunprosen gassorerS fid

heat er 18, an o i i -

t her ewilt8 h, anag glfgf%%v%rr%gg? F‘f”%gaﬁ%ﬁée%%{%ee?gw)gm %%?gg%gh%{leggogess HiFEEnG
ctrcul ati ng pethzat medMent | h.te) The hydrogen gas SenSOr ShQiilil

t)nly be. provided to a or piatSt; portion In the hetat nmedi um
flow patld. In thghspws%taf?wiﬂﬁwcnaﬁwmot Pmlavla&@ﬁe%%%tei% B 25 ajpgocess
provided in #yldf PO A [

In the heat e;(lc hadrll‘gée)ﬁgfdr%g?a ti ?:hre h(?)bv?ngs ?Eld:;?gﬁp%g 'tgj%&é%Q&glaég%rnlggh{?ugh 4

gas genc, "t hdipas adraéshbigedthrohgve pibe tl hefipr bcmesxclfahgé th {esecamdager 1. In
of,..to be under

o cohols, o Bdend R RLodiel ARSI ESl n L0, B MEIETSISO0., gy v
Eiegte imre]t Eeﬁ'ﬁ ﬁﬁ?@@fﬁ'ﬂﬁ@Elobvs%ﬁlﬁescﬁrm?&%omuitt in&chr 8&8sset h vhdh MR Jhe
branched therefrom (for example, a circulating path, a vent line). The heat medium
flow path is not particularly restricted so long as a heat medium flows therethrough.
In the present embodiment, the heat medium flow path means a flow path including
20 heat exchanger 1, a pipe 3, a heat medium tank 4, a pump 8, a cooler and heater 9, and
a filter, a flow path in equipment associated therewith, and a flow path branched
therefrom (for example, a circulating path, a vent line). The hydrogen gas sensor
should only be provided in a vapor phase portion in the heat medium flow path. In the
present embodiment, hydrogen gas sensor 5 is provided in a vapor phase portion 7 in
25 heat medium tank 4.
In the heat exchange apparatus shown in Fig. 1, when a hydrogen gas generated
as a result of flow of the process fluid (secondary alcohols or a dehydrated product

thereof, to be understood hereinafter) into the heat medium due to corrosion or the like

of a pipe in heat exchanger 1 and contact of the process fluid with the heat medium is

-4.



semto heat nediumtank 4 through nine 3 together with the heat

medi um hydrogen gas sensor 5 provided in vanor phase portion ?for
sensing this hydrogen gas pronptly senses | eakage 01 the process
fluid. Nanely, in the heat exchange apparatus shown in Fig. I, a
sensing step of sensing with hydrogen gas sensor 5,, a hydrogen gas
generaied as a result of ieakage of the process fluid and contact of
the ;process fluid with the heat nediumis perfitinnea" so mat an
abnormal condition in the heat exchange process is sensed.

Heat exchanger | is not particularly limted so | ong as heat exchange
bet ween a pr f1ui t di i S, achi.eve ith.a
ot tion vttt Do HeBufings E8LaBE: Y ARSI b i Bngbygrpgen
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fused salt is enployed as the heat nmedium As this fused suit, )
conposi ti on €6 fqgi IRPRGODE%: & 96! wetlgemalcosditondn tin et prdbanganamesss iis
haring a melting point in a range approximtely from 100 to 200C is
preferred. ID the case where. a conposition CODThosed of NaNCOL,

sodium nitrate (iNsitN&B)angandispot assicular!pilintiateso (&KNON Ieaeatdhhoyetsttasen a

fused salt, fused _salt containing these c nents.in ranges from
20 to 50 weigAEes i Al Bl g {SASTEKES %ﬁ,@paﬁww VTS 0 RS O ¢
Wi gh: 10 espegitiprgk %ein%%xg??&%ﬁﬁ&hhé f&%éa%%@ﬁéu-x&i-me gyﬁﬁkﬁi&ﬁﬁ%ﬂggﬁaﬁger,

a conposition conpose NaNrCl i an is enpl oyed” as fuse

fused salt copi&E-npagedhedengonpopierithsali axchaes afrlork 120t txch@fganpdrght like

"l'ei and from80 to 1 ight '1/4" respectivel j S .ex lified

speci 11 cal | yebreensheriedd e erarted Boin eul st ° NERGBR 56 e ht

?Zit, 173/ 41, inahde kN@bn(;b3hMe RsHak @r-slrilii)lyﬁlf?-f H%%t @Qc}l\&r\lgbﬁt' A DRIFRr Of
, ii

h
a conposition conposed of NaNC2 (34 wel ght, ~wet 21 i ni f%
and KNa, (53mu)éi-g?ii>ula349talb/hawcﬁ@daemrtfphgeq@@kmanw andbzagian. a

GOt 1 OO By R, (30118190 BT OFROTR. i e

exenpl i fi ed. saltNa @6@@ssition tihing HrteeBiviggiRok RE s@fiuthhesee Nged,)saMnS a
and facilitate tenperature coiltrol, water mast be added for use.
melting point in a range approximately from 100 to 200°C is preferred. In the case

as a

where a composition composed of NaNO,, sodium nitrate (NaNOs3), and potassium
nitrate (KNO3) is employed as fused salt, fused salt containing these components in

20 ranges from 20 to 50 weight %, from 5 to 15 weight %, and from 45 to 65 weight %,
respectively, is exemplified. ~Alternatively, in the case where a composition composed
of NaNO, and KNOs is employed as fused salt, fused salt containing these components
in ranges from 20 to 90 weight % and from 80 to 10 weight %, respectively, is
exemplified. Specifically, for example, a composition composed of NaNO, (40

25 weight %), NaNOs (7 weight %), and KNO; (53 weight %) (having a melting point of
142°C), a composition composed of NaNO; (34 weight %), NaNO; (13 weight %), and
KNO; (53 weight %) (having a melting point of 152°C), a composition composed of
NaNO; (50 weight %) and KNO3 (50 weight %) (having a melting point of 139°C), and

the like are exemplified. In order to lower a freezing point of these fused salts and
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The -process fluid includes seerndary air:oh:Us and/a a dehydrated
product thereof. If this process fluid flows into the beat nedium

fl ow path, the | eaked process fluid and the bear nmediumcone in
contact with each other and react to each other, to thereby generate
a hydrogen gas. The vapor ishase portion in the heat ntediurn path
senses the hydrogen gas. As the process fluid, fbr exanple, a process
fluid including incithyl eycl ohexyl carbine: (MCC) representing a
secondary al cohol or cycl ohexyl ethylene (CHB) representing a
dehydrat ed product thereof, and the |ike are exenplified. In

addi ti on, asfa&nﬁ;[ﬁot[egﬁg%ﬁtré chlﬁt?ol JVQtrer 1?1)51 'Eplagdedafop{l&cess fluid

|nclud|ng 4- net nt ansi feprese ting a secondary al cohol or
4-mtatiyl-2- penﬂémeprcn@psr gsenhtlngesssedetiydr dt@oipamidurct dehlpéraeaf produmd

e 1Le o grenetel et ThSRR Rosceseot e et pegd ol end,
heat exchangg,PLACEHS Hkatl MeMHnClonic0X SanEa! itte O1th k- Rdd fDIERd e°ach other to

ettployed as the heat medium MCC is enployed as the tfrecess fluid,
and Cl TE i s thener adreditby hdétger ais. ng'he tvlaporl\;dﬁ@sa/\pdrhoinm dhe deati Ibeoﬂum flow
her ei naft er det a Nanely, MCC. is introduced in heat
exchanger | Rafqlﬁf(‘}f%rl? ¢ h¥8&ghe%i ne 2, heat, exchange between MOC and

fused salt apnroxiymt %k)ée&r %3%9 ekfin I\%c%ﬂoﬁes%fu'id ﬁféld@l% I%Qﬂh@lc@'@l%ﬁexyl
exchanger | CITE. is generated from as a result of dehydrafion

t hr ough vaporrtphads®iGeaepicomtingricse@nEary dcsenpr thm bl pihplend_(IJHE) a

t st P d It .tha heat exc
The. process PRGNS G BRAFQ Qo TPb DEHERER AR o AR Sant egotion.
heat megi um dsankprdcdshHRUD Mo Pehpds, a"brwe§§ﬂ{u'dbﬁ<§1u@§ﬂgl4%eﬂi§/l ﬁ%ﬁﬂn&al t

is stored 3r this heat inediumrank 4 , and heat nmedi um tank is
25const i t ut eapeserang aqmcmdplryaasleolpvm 4@@@@9@@@1@@@;%@@ avtebzzsdrated

phase porti Qloduct TSR A8 i il bl ophase AOLELAD.E ARG &ML B\ BHTR,

fl to cooler rcooli use
cool ed or heﬁlﬁ%@neram@}{}ia%@afgagr again supplied to heat exchanger

When a crack or the like is produced due to stress or corrosion in
the :iirocess A dehydration process (one type of a heat exchange process) in which fused salt
15 containing NaNO, is employed as the heat medium, MCC is employed as the process
fluid, and CHE is generated by dehydrating this MCC will be described hereinafter in
detail.

Namely, MCC is introduced in heat exchanger 1 (reactor) through pipe 2, heat
exchange between MCC and fused salt approximately from 300 to 400°C is carried out

20 in heat exchanger 1, CHE is generated from MCC as a result of dehydration through
vapor phase reaction, and CHE is sent through pipe 10 to a next step.

Fused salt that has completed heat exchange with the process fluid is discharged
from heat exchanger 1 and sent to heat medium tank 4 through pipe 3. A prescribed
amount of fused salt is stored in this heat medium tank 4, and heat medium tank 4 is

25 constituted of a liquid phase portion 6 (fused salt) and vapor phase portion 7. Fused
salt in liquid phase portion 6 is sent by pump 8 to cooler and heater 9 for cooling and/or
heating this fused salt, cooled or heated, and thereafter again supplied to heat exchanger

I.

When a crack or the like is produced due to stress or corrosion in the process
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fluid flow path (parahon wall) in heat exchanger 1 during the heat
exchange process and the process thud containing MCC and/ or CHE | eaks
mte the flow path for fused tiadt, a hydrogen gas is particularly

Ti Oneel i bly generated. lay CcCY: 31, a, Scre, 311,iitt.;:e ea, 9,ga!l’st

Il Ydrogen gas sensor 5 Provided in vapor phase portion 7, |eakage of
the process fluid is sensed in an early stage. Thus, an interl ock:
can be activated so that supply of the process fluid and fused salt
into heal exchanger 1 is st.opped and danage can be prevented front
expandi ng Though a catal yti c conbustion type hydrogen sensor

can be enpl o%ﬁgg sy hﬁ’g{ gﬁ%ng\@ﬁl)siﬁrﬁé rexz'§ha g H%rsﬂoéﬁg%eat excheﬁq 2 process

sensor 3Ste eret’o and vari 0gen sensors ‘can
be adopt ed. &ndahqapmcéssﬁhmd mrnahln(ngCé?yndfcmrCW]Eeﬂdakymn@tHeh‘aiw pdte for fused

nmet hod of sen n abnormal condition ccordl ng to the present
i nvention is* PEE &84S RYHeRT 3éH°ti‘Cﬁa HePIRI®Ewi ng. 2

shows a sci -tematmﬁhmlﬁ%m%%ng%pxﬁge%bgggﬁéra@&pémfsq@d}%gg ghfinide

verifier:130a | eSt t heuse st appar at us
gener at®ed ath}tdr@enigaesamm pma&démmpm@mmpﬂm@ Ndbi%ganﬂtha pp«mseﬁsid is
fluid containin evluate

d t
appar at us sHoW’ Aip e iR aﬁe@rly %ag%%nﬂéWE?f\g%EB e 1, @Htsanl??é S%Pply ¥ oF the

stainl ess 20steak nwesselfued hitsteo h%xtaéxeﬁafdg@m £d s%pg& A XhMEE Ofn tteused
salt and en introduced gas, fused salt 23 placed 3n stenl ess steel

vessel 22, aDrSqu;tﬂdyfr?mpepaﬁhng‘l X suppl yi rrP an i ntroduced gas
i ncl udi ng an MCC alt 23 within ves sel ,

coda fused salt c qugﬁtalcaﬁl 30&@8}%“%%0‘} %ﬁgg?@’\?ém R Ry ?yegsas

from fi®w nohyldagdentoas tpsbr £am E}dré%&; d@@@é‘ﬂi@? USnot Aitite@ tl%rbto'alﬂﬂ various
col l ecting an exhaust gas is attac to stainless steel vessel The

exhaust gas hysr@onisessosyaa hyladssiedessel 26 3MBTherileil ins. cool er
25 and a part th;&b)ga% ks collected in a thioroplasfic sanpling hag 28
t hrough a pipe 2

A verification test for verifying that the method of sensing an abnormal

condition according to the present invention is effective was conducted in the following.
15 Fig. 2 shows a schematic diagram of an overall test apparatus used in the
verification test. With the use of this test apparatus, a gas generated at the time when
fused salt containing NaNO, and a process fluid containing MCC or CHE were mixed
was evaluated.
In the test apparatus shown in Fig. 2, a thermostatic bath 21 contains a stainless
20 steel vessel 22 for evaluating risk of mixture of fused salt and an introduced gas, fused
salt 23 placed in stainless steel vessel 22, a supply pipe 35 for supplying an introduced
gas Including an MCC gas or a CHE gas to fused salt 23 within vessel 22, and a fused
salt collection vessel 34 for preventing fused salt 23 from flowing back to upstream of
the apparatus. A pipe 24 for collecting an exhaust gas is attached to stainless steel
25 vessel 22.  The exhaust gas is cooled in a glass vessel 26 immersed in a cooler 25 and
a part thereof is collected in a fluoroplastic sampling bag 28 through a pipe 27.
The introduced gas is prepared by bubbling an N, gas supplied from an N,
cylinder 29 into a glass vessel 31 containing a process fluid 32 (MCC or CHE) heated

in an oil bath 33. In addition, by heating a pipe between glass vessel 31 and fused salt
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The introduced gas is nme-gated by bubbling an Ns was supplied from an
N2 Cylinder 29 Into a glass vessel 31 containing a process fluid 32
(MCC or CUE) heated in an oil bath 23. In addition, by heating a pipe
bet ween gl ass vessel 31 and fused salt collection vessel 34 to a
tenperature not | ower than a boiling point of MCC or CHE by using a

ri bbon heater 36, the introduced gas can be prevented from condensi ng
inthe pipe. Aflowrate of a gas from N2 cylinder 29 is adjusted by

a gas flowneter 30. it is noted that T represents a tenperature

sensor in Tests | to 6 were conducted in the foll ow ng
procedures bé’ol%ﬁg&gv%lga 3t4q b (aRPALALIT, ‘ﬁilgwgrqﬁ%n abéiﬁingioﬁ?g (:;Qat E]—{]fby

Tests |, foI oW n proce ure ( per

the test St ansmeg:ia fibbon Beapsr Geethy ﬁﬁroduBéd gz(s| c)an%@r@[eﬁteﬁfrdﬁf cdddeﬁ@lﬂg satHe
wei ghtKI\K ;). ;ﬁ were | oaded in

NaNO2: 40 .
(150 n stai ﬁﬁe s g%f%@%%@%izom N, cyhnder@ﬁ)ls sﬁaﬂ By 3 2at Beymges gl It
22 was pl aced johqt; ?&rﬁ@}é'g ﬁtgagé}é%rgtarea{ég%&dggigzgt hermal tenperature

of 380C. use reac rescri bed
t enperabure,a li n@esftsr bm Nsvewddndd@ted ﬁﬂtht (follhiv[ﬁﬁg Diocetresighusihg q:er mﬂ
exhaust gas

assed was subst ni trog
gas m xture %fpaf\?&f %?n%’o?‘ﬁ t rs%&é}?tf(d'l{@%tt g geSt ‘géstgﬁ?% {oyfiae B¥°°€11tFE (1)
~and ni trogenyhd st rBrm&) butQhe t@'sttsfta%%rﬁ&h gyﬁeﬁ&%té , 2) was

supplied to stainless steel vessel ow ra e of
appr oxi mat el y 200(1)rT eh ;gramCph fesdd sAltrﬁNab]Oathszeght s WalN(af 7 swepglityo, ENO;:

th m xt 0 ro the xtu of CHE and
ni '?r gan, or \%@%ﬁg‘éﬁrfi)%@g%{a@ %@I’Tﬂesé‘fl@ ?ﬁe‘? VGBSFI)& -astic sanpling
bag 281far a pr es%%ﬁ’le%ée@deé@él A7 Wy glaced in thf(n@ostglc bhe ﬁ%’d%ﬁ@g to an

exhaust gas, all gas was neasured w i on chronmat ography and

ot her gases wethermBasupaeduwi ¢fB8§aS. chr omat ogr aphy, and vol unetric

;:grsrﬁlots Ist | '(I)'gbIOfe } h&)?&(l'}t]e?'il&sted%a%t reac Sedeg( parrglscr}l %d tc;rrggérgtulre grlmw%rom 2> cylinder 29
to pipe 27 through which an exhaust gas passed was substituted with a nitrogen gas.

(4) A gas mixture of MCC and nitrogen (Tests 3, 4), a gas mixture of CHE and

15 nitrogen (Tests 5, 6), or nitrogen alone (Tests 1, 2) was supplied to stainless steel vessel
22 at a flow rate of approximately 2000 mL/min.

(5) A gas generated as a result of supply of the gas mixture of MCC and
nitrogen, the gas mixture of CHE and nitrogen, or nitrogen alone was collected in
fluoroplastic sampling bag 28 for a prescribed period of time.

20 (6) Of the collected exhaust gas, an NOy gas was measured with ion

chromatography and other gases were measured with gas chromatography, and

volumetric composition of the exhaust gas was examined. Table 1 shows test results.

Table 1
| Amount of | | __Composmon of E\haust Gas [Vol %]
|  Loaded Type of Fed Gas | |
| Fused Salt [g] | | B | <O ] % § MO ‘
Test1 | 0o ‘ Nitrogen | <0.1 | 0.0009 | 0.043 0.0033 |
Test 2 10 _ Nitrogen | <0.1 | 0.0003 | 0.034 0.019 ‘
| Test3 | 0 | Nitrogen,MCC | 03 | 0.0046 | 005 | 0.010 |
Test4 | 10 | Nitrogen, MCC | 14 | 0.032 0.36 0.044
Test5 | 0 | Nitrogen, CHE 53 | 0.036 037 0.0010
Test 6 10 | Nitrogen, CHE | 13.7 | 0.028 0.20 0.024 |




As shown in Table I, n was found from Test | conducted for

COWpaTi S011 (where no Ei sed sal: was | oaded but nitrogen al one was
fed) that hydrogen 2.21, carbon 31-10n0Xi dCcarbon d inx Rk. C22.1i,
and n)trogen oxide (1NOO could be regarded as not existing In the.
test apparatus. It was found that, in lest 2, fused salt was heated
to 3NOC in stainless steel vessel 22, increase in NOV was observed as
coropared with Test |, and hence fused salt | onapy deconposed at that
tenperature. In Test 3, MCC was heated to 380" C in stainless steeI
vessel 22, and it?: Co, and NO increased as conpared with Test

i
fheretore. T vas oy g ynder: s candtitonss oy ocgil

MOO and f usedwbeih ho e e salﬂwumloaﬂabbutsﬁ%geh aﬁﬁﬁfwd@tf&@rthatﬂlyﬁf?dm (88§ carbon
steel vessel nd as conpared with Tests 2, CO .

i ncreased. SWP&‘@XI ¢ (QP yEaRmB GHxI&F (%»r%idéllfé%e@égldq{w £pieldibgrreggaded as
gencra'red, by ex‘{‘ﬁﬁﬁg fomRd& Qﬁﬁarﬁupy QRS Houdda (HAS; efets?f tfu%’eﬁi %use dsg(?e% e{i to

to Pe sensed for sensing con-tact of a process urd wi

in Test 55e CBE)° GI\@S‘otdﬁxﬁ&is&deel 0633&@(2 imresb@in des s/as begkvasessempdzod @i Test
as conpared with Test and CO2 inereased, cherefore, it

was found thatandjraes f%@fht’r@‘ltdeeﬁklmdegmpoqe@w that soulsEreEeedt Aittds SHCC was

wer o i n-tont et Ceit RO Sa R iker S e S BB oSSRy o

conmpared i t Borhe&ts wah st 1.1, TR brdNwdsT6:2A88d undiriGen Soddi &, MCC
-1 OW 1M of hé@rogen gas in particular was generated" it was 20found

that a hydr o Al JgéscompézgedefEthe as a gas to be sensed, for sensing

cont act ,of a proc ed sal t Sl Ll ST
| heat t1gxchanger %ﬁes’t 6:91196%1”%%0[3%4 he4t© %ﬂ?}’i"gﬁﬁ?ﬁg Fgkiiligage in
sensor; 6 |i G@htgctmﬁﬁ@c]i)@ﬂfef Hf@tzﬁnl‘é@@ﬂéel%?s%@?%ﬁ& @ BomPark¥RRth 'Pests% 3, Hy,
cool er and heater: deBe hernos: ark: bat'h; 22 stairdess ste

1

vessel : 23 f (G5b& Bat mcpﬁap@d z&snmlaege ar@fﬁlngbéb}sdrogen gas in particular was

vessel , rape: l. | ba i nder ;

f1 ow neter; g%ﬁ;egé&\gé@gge t%uggﬂg}l'&g%rg %f %?de ? E‘fe %%@eﬁpsegaﬁ%

14 fused sai kerz@igl o@ﬂtabtocff MR8&&8L fluBbw ik PREY sPt. Pern @RM5 Q@I{E'v@cﬁq{eated t0 380°C
hearer. CLAI M5 A et hod of SeriSi:kl an abnormal condition

in a hdt ex éh%twghesmt@@ e/sseer %, aheéat ceXghaxinge et Wdén GO, heatCOMOEEde ki
i of e st doLTELUOI NG, T AL SOOI A PO BIRLEEESS: 1o e
Lki ereof (1. &1HeAkdpTd M022:was carried out while CHE and fused salt were in contact with each
other in stainless steel vessel 22, and as compared with Tests 2, 5, H, and NO,
increased. Since a large amount of hydrogen gas in particular was generated, it was
20 found that a hydrogen gas was effective as a gas to be sensed, for sensing contact of a
process fluid with fused salt.
REFERENCE SIGNS LIST
1 heat exchanger; 2 pipe; 3 pipe; 4 heat medium tank; 5 hydrogen gas sensor; 6
liquid phase portion; 7 vapor phase portion: 8 pump: 9 cooler and heater; 10 pipe: 21
25 thermostatic bath; 22 stainless steel vessel; 23 fused salt; 24 pipe; 25 cooler; 26 glass
vessel; 27 pipe; 28 fluoroplastic sampling bag; 29 N, cylinder; 30 gas flowmeter; 31
glass vessel; 32 process fluid (MCC or CHE); 33 oil bath; 34 fused salt collection
vessel; 35 supply pipe; and 36 ribbon heater.



a senSinir stet, (-if Setl1S1316: h.VvdrQOgen, gaS generated as a result

of contact between said ;",ocit.ss enu and said heat nedin th a vapor
phase portion in a flow n 2. The nethod of sensing an
abnormal condilion in a. heat excl:iange process according to claim
I, "yherein said fused salt includes said nitrate and 20 to 90
wei ght % of said nitrite and has a nelting point from 100 to 200C 15
3. A heat exchange apparatus, conpri sing: a process fine

fl ow path through -winch a process laid including secondary al cohols
and/ or a dehydrated prodact thereof flows.; a heat
medi um flow path through which a heat pediym which I's fused sat;

20: handing nitrate and/or nitrite flows; a heat exchanger for

heat exchange between said process fluid and stud heat nedium and |
2:1\."f.vellC gl.z. Mgas sensor. for sensing a hydrogen gas generate
as a result of cdhtdQ%I éﬁm%%%@3ﬂ§w68@§§nﬂﬂwmdna§@m§apﬂnﬁ@aﬁoumsﬁn

medi um  25sgig: Adn098R10aS, S éEFleedilﬁtﬁL\Q'gicH [ OMisd@ bt cRaRARAL2RNATR:

portion in said heat tnediumflow pa
5 nitrite and a process fluid including secondary alcohols and/or a dehydrated product

thereof, comprising:

a sensing step of sensing a hydrogen gas generated as a result of contact
between said process fluid and said heat medium, in a vapor phase portion in a flow
path for said heat medium.

10

2. The method of sensing an abnormal condition in a heat exchange process
according to claim 1, wherein

said fused salt includes said nitrate and 20 to 90 weight % of said nitrite and has
a melting point from 100 to 200°C.

15

3. A heat exchange apparatus, comprising:

a process fluid flow path through which a process fluid including secondary
alcohols and/or a dehydrated product thereof flows;

a heat medium flow path through which a heat medium which is fused salt

20 including nitrate and/or nitrite flows;

a heat exchanger for heat exchange between said process fluid and said heat
medium; and

a hydrogen gas sensor for sensing a hydrogen gas generated as a result of
contact between said process fluid and said heat medium,

25 said hydrogen gas sensor being provided in a vapor phase portion in said heat

medium flow path.
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