
DESCRIPTION TITLE GE TN V ENTION                Method of Sensing,
Abnormal Condition in Heat Exchange Process and I4eat 5Exchange
Apparatus TECHNICAL FIELD The present invention relates to a method
in sensing an abnormal condition in a orocess of heat exchange
between a heat medium ends process fluid and a heat exchange
apparatus of which abnormal condition is sensed with the method of
sensing litan abnormal condition. BACKGROUND ART         In a heat
exchange process, fused sag, ecate( or the like is empIoyed as a heat
medi urn, and a temperature et a process fluid Is adjusted to a
prescribed temperature as a result of heat exchange between this heat
medium, and the process fluid, For example, fused sal: which is a
mixture such as sodium nitrite and potassium nitrate has such
properties as (I) exc'eillent heat conduction capability, (2) high
chemical stability ),:e.tt at a high temperature, and (3) ease in
tempera:tare control. Therefore, fused salt has been used as a high
temperature heat medium fix heating or cooling various process
fluids.        During the heat exchange process, a process fluid may
leak due to concision or the like of a pipeIhetefore, in order to
sense leakage ot a process fl cad, various methods have been studied.
For example, jammese Patent Laying-Open No 2003-$3833 tPTI. II has
proposed a method of sensing, a gas component (nitrogen oxide)
generated at the time" when a leaked process fluid feacts to a hem
inedium in a vapor ut,Ouse pomon in a -flow path for the heat medium.



CITATION LIST PATENT LITERATURE Ellt, I: Japanese Patent Laying-Open
No 2003-83S8.4 SUMMARY OF INVENTION  'TECHNICAL PROBLEM.        In a
case where secondary alcohols are employed as a process fluid,
however, an antouril of iiitinerated nitrogen oxide enginatIng from
reaction to hissed, salt representing the beat medium is :email.
Then, with the method of sensing nitrogen oxide, it takes time until
an ahnomtal condition can be sensed after leakage of the process
fitiiit and at the time point when an abnormal condition is sensed,
the heat medium and the process fluid or the like have already been
well mixed, and Mere has been a possibility of occurrence of a
secondary disaster such as explosion.       It is an obkitit of the
present intlatt6011 IS to prOVidt a MethOd Of sensing an abnormal
condition in a hwta exchange prtixiciss, capable of promptly sensing
leakage of a process fund in a process of heat exchange between a
heat medium and a process fluid in the case where the process fluid
includes secondary alcohols or a dehydrated product thereof. In ackh
tion, it IS also ari, obiect to provide a heat exchange apparatus of
winch abnormal condition is sensed with such a method of sensing ari,
abnormal condition. SOLUTION II) PROld:LEM       The present
inventors have conducted dedicated studies ibt 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 20fluid and a beat medium in a heat
exchange process tor heat exchange between the heat medium and the
process fluid Cinch:ding secondary alcohols and/or a dehydrated
product thereof:. Then, the present inventors have found new thtits
that leakage of a process time um] protnpuy on attiscia Dv sesistim
:sus nyclogst: gas1115 v'ti,o, chase portion ma how path for the heat
medium, and completed the present invention.        Namely, the
present invention provides a method of sensing an abnormal. condition
in a heal exchange process fiat heat exchange between a heat medium
which is fused salt incluithim nitrate and/or nitrite and a process
foaid which is secondary alcohols and/or a dehydrated product
thereof, and the method has a sensing step of sensing hydrogen gas
geminated as a resith of contact betsveien tine proctiss thud and  



ate heat rnediumjn a vapo.p idse pontion in a flow path for the heat
medium,       in the method 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
invention provides a heat exchange apparatus including a process
fluid flow imth through which a process fluid including secondary
alcohols and/or a dehydrated product thereof flows, a heal: medium
flow path through which a heat medium which is fused salt including
nitrate anther nitrite flews, a heat exchanger for heat exchange
between the process fluid and the heat medium, and a hydrogen gas
ICsensor for sensing a hydrogen gas generated as a result of contact
between the process fluid and the heat medium, the hydrogen gas
sensor being, provided in a vapor phase portion in the heat medium
Dow path.       It is noted that the "heat exchange process" in the
yaresent invention rs a concept encompassing also a dehydration
process of alcohol, ADVANTAGEOUS EFFECTS OF NVENTION        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 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 DRAW:        Fig is a
schematic diagram showing one embodiment of a heat excha ,tee
appar.atus acct ding to the present invention.               t
schematic diagram showing a test apparatus usea in a yen.trcarion
test according to the present inVenti0E), DESCRIPTION OF EMBODIMENTS
The present invention will be described here iafter in detail with
reference to 



the drawings. Fig, I is a schematic diagram showing one or:Mod:mem of
a heat exchtinge apparatus accord:rig to the present tt3i,ent)Ori. In
the heat exchange apparatus shown in Fig. I, an abnormal condition of
leakage of a process futici is sensed with the method of sensing an
abnormal condition according to the present invention, ftThe heat
exchange apisartnns shown in Fig. 1 includes 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 including nitrate
and/or nitrite flows, a heat exchanger I far heat exchange between
the process fluid and the heat medium, and a hydrotgen gas sensor 5
for 10sensing a hydrogen gas generated as a result of comact between
the process' fluid and the heat medium,        The litrecess fluid
flow path is not particularly restricted so long as a process fluid
nows there:bre:4). The process fluid is supplied to heat exchanger I
through a pipe 2 and discharged through a pipe I 0 after heat
excitant:3,e M heat exchanger 1. In 15the present embodiment, the
process fluid flow path means a flow path through stehich a process
fluid flows (does 2, 10, a conduit in heat exchanger i) and a flow
path branched therefrom (for example, a circulating path, a \hint
line). The heat medium flow path is not particularly restricted so
long as a heat medium flows therethrough, hi the present embodiment,
hat heat ;bed:turn flow path means a fow path including 20heat
exchanger I, a pipe 3, a heat medium tank 4, a pump S. a cooler and
heater 9, and a filter, a flow path In equipment associated
therewith, and a flow path branched therefrom (for example, a
ctrculating path, a Vent Ih.te) The hydrogen gas SenSOr ShOtilil
t)nly be. provided to a yapor piatSt: portion In the hetat medium
flow patld. In the present. embodiment, -hydrogen gas sensor 5 is
provided in t:t. vapor phase portion 7 in heat medium tank 4.
In the heat exchange almarattitt shown in Fig. I, ;sthen a hydmgett
gas genc,"thd as a result of flow of the process fluid (secondary
alcohols or a dehydrated product thereof. to be understood
hereinafter) into the heat rnedium due to corrosion or the like of a
pipe in heat exchanger I and contact of the process fluid with the
heat meth urn 



sem to heat medium tank 4 through nine 3 together with the heat
medium, hydrogen gas sensor 5 provided in vanor phase portion ?for
sensing this hydrogen gas promptly senses leakage 01 the process
fluid. Namely, 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 medium is perfitinnea" so mat an
abnormal condition in the heat exchange process is sensed.
Heat exchanger I is not particularly limited so long as heat exchange
between a process fluid and a heat medium is achieved with a
partition wall such as a pipe or a flat plate being interposed, and
for example, a shell-end-tube cylindrical beat exchanger, a idatetype
heat exchanger, a spina] heat exchanger, a block beat exchanger, or
the like representing a bulkhead heat exchanger :ear, be employed.
Time heat exchanger includes not only a heat exchanger simply for
heat exchange but also a reactor such as a multi-tubular catalytic
packed reactor for heat exchange and reaction, 15As derL.r nod above,
fused salt is employed as the heat medium, As this fused suit,
composition containing 20 to 90 weight 34 of sodium nitrite iNaN(fil
haring a melting point in a range approximately from 100 to 200C is
preferred. ID the case where. a composition CODThosed of NaNOL,
sodium nitrate (iNsiNO3), and potassium nitrate (KNONts enthloyed as
fused salt, fused salt containing these components in 20ranges from
20 to 50 weight '113" from 5 to IS weight 11i," and from 45 to 65
Weigh: respectively, is exeniplified. Alternativelythn the case where
a composition composed of NaNiCli and KNOi is employed as fused salt,
fused salt containing these components ic ranes from 20 to 90 weight
'lei and from 80 to 10 weight '1/4" respectively, is exemplified
Specifically, Mr example, a composition composed of NaNO2 (40 weight
?Zit,173/41, and KNO1 (53 weip,ht 3.11) (hinting a melting noira of
a composition composed of NaNO2 (34 weight, %), NaNOJ ii wet2lini %),
and KNa, (53 weight 34) fhavins a melting point of 152tC't a
COIM)sitioti COM nowd nr NaNO2 (50 weight 3,4: and KNO3 (50
weight(haring a melting Point of 139"C), and the like are
exemplified. In order to lower a freezing point of these fused salts
and  facilitate temperature coiltrol, water mast be added for use. 



The -process fluid includes seermdary air:oh:Us and/a a dehydrated
product thereof. If this process fluid flows into the beat medium
flow path, the leaked process fluid and the bear medium come 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 example, a process
fluid including incithyleyclohexyl carbine: (MCC) representing a
secondary alcohol or cyclohexyl ethylene (CHB) representing a
dehydrated product thereof, and the like are exemplified. In
addition, as the process fluid, for example, a process fluid
including 4-methyl-2-pentansil representing a secondary alcohol or
4-mitatiy1-2-pentene representing a dehydrated product thereof, and
the like are exemplified. These process tunas react to fused salt and
generate a hydrogen gas.       A dehydration process (one type of a
heat exchange process) in which foxed salt containing aNO2 is
ettployed as the heat medium. MCC is employed as the tfrecess fluid,
and CITE is generated by dehydrating this MCC will be described
hereinafter in detail.        Namely, MCC: is introduced in heat
exchanger I (reactor) through nine 2, heat, exchange between MCC and
fused salt apnroximately from 300 to $00C is carried out 20in heat
exchanger I CITE. is generated from MCC as a result of dehydration
through vapor phase reaction, and GTE. is sent through pipe 10 to a
next step.        Pused salt that has completed heat exchange with
the process fluid is discharged from heat exchanger I and sent to
heat medium tank 4 through pipe 3, A prescribed amount of fused salt
is stored 3r this heat inedium rank 4, and heat medium tank 4 is
25constituted of a liquid phase pOrtiOr36 (fused salt) and vapor
phase portion 7. Fused salt in liquid phase portion 6 is sent by pump
fl to cooler and heater 9 for cooling and/or heating this fused salt,
cooled or heated. and thereafter again supplied to heat exchanger
When a crack or the like is produced due to stress or corrosion in
the ;iirocess  



fluid flow path (parahon wall) in heat exchanger 1 during the heat
exchange process and the process thud containing MCC and/or CHE leaks
mite the flow path for fused tiadt, a hydrogen gas is particularly
TiOneelibly generated. lay OcCY:31,a,Scre,311,iitt.;:e ea, 9,ga!'st
IlYdrogen gas sensor 5 Provided in vapor phase portion 7, leakage of
the process fluid is sensed in an early stage. Thus, an interlock:
can be activated so that supply of the process fluid and fused salt
into heal exchanger 1 is st.opped and damage can be prevented front
expanding        Though a catalytic combustion type hydrogen sensor
can be employed es hydrogen gas sensor 5, the hydrogen :.?-,sts:
sensor 3S tele:: thanited thereto and varioatt hydrogen sensors can
be adopted. Example 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.             2
shows a sci-tematle diagram of an overall test apparatus used in the
verifier:130a leSth With theuse Of this test apparatus, a gas
generated at the time when lased salt containing NeNO2 and a process
fluid containing MCC or CHE were Mired was evaluated. In the test
apparatus shown in Fig. 2, a thermostatic bath 21 contains a
stainless 20steel vessel 22 fist: evaluating risk of mixture of fused
salt and en introduced gas, fused salt 23 placed 3n stemless steel
vessel 22, a supply pipe 35 -fix supplyim? an introduced gas
including an MCC gas or a CHE gas to fused salt 23 within vessel 22,
coda fused salt collection vessel 34 for preventing fused salt 23
from flowing back to upstream of the apparatus. Antic 2ti Ihr
collecting an exhaust gas is attached to stainless steel vesselThe
exhaust gas is COOlea 3D a glass vessel 26 3M3Therileil ins. cooler
25 and a part thereof ts collected in a thioroplasfic sampling hag 28
through a pipe 27. 



The introduced gas is me-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
between glass vessel 31 and fused salt  collection vessel 34 to a
temperature not lower than a boiling point of MCC or CHE by using a
ribbon heater 36, the introduced gas can be prevented from condensing
in the pipe. A flow rate of a gas from N2 cylinder 29 is adjusted by
a gas flowineter 30. it is noted that T represents a temperature
sensor in       Tests I to 6 were conducted in the following
procedures by using the test apparatus as above. It is noted that, in
Tests I, 3, and 5, the following procedure (I) was not performed but
the test starred from a procedure, (2). (I) Ten grains of flised salt
(NaNO2: 40 weightNaNO. 7 weightKI\K ;). 53 weight %j were loaded in
150 ml stainless steel vessel 22.         (2) Stainless steel vessel
22 was placed in thermostatic bath 21 andto n isothermal temperature
of 380C.        (3) Adler fused salt reached a prescribed
temperature,a line from Ns 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 CITE
and nitrogen (Tests 5, 6), or nitrogen alone (Tests I, 2) was
supplied to stainless steel vessel 22. at a flow rate of
approximately 2000 nil:in:Om ec\ A.ncrated as a result of supply of
the gas mixture of MCC, an nitrogen, the gas mixture of CHE and
nitrogen, or nitrogen alone was collected in fluoroplastic sampling
bag 28 far a prescribed period of time,        (6) Of the collected
exhaust gas, all NO gas was measured with ion chromatography and
other gases were measured with gas chromatography, and volumetric
composition of the exhaust gas was examined. Table I shows test
results. Table I 



As shown in Table I, n was found from Test I conducted for
COMpaTiS011 (where no Eised sal: was loaded but nitrogen alone was
fed) that hydrogen 2.21, carbon 31-10n0XidCcarbon d inx Rk. CO2.i,
and n)trogen oxide (1N00 could be regarded as not existing In the.
test apparatus. It was found that, in lest 2, fused salt was heated
to 3N0C in stainless steel vessel 22, increase in NOV was observed as
coropared with Test I, and hence fused salt lonapy decomposed at that
temperature. In Test 3, MCC was heated to 380"C in stainless steel
vessel 22, and it?: Co, and NO increased as compared with Test I.
Therefore, It was found thin, under such conditions, Mat locally
decomposed"        in That 4, heating to 380'e was carried out while
MOO and fused salt were in uoiatact ssCtii eaeh other in stainless
steel vessel 22, and as compared with Tests 2, CO, CO2., and NO
increased. Since a large amount of hydroieten gas in particular was
gencra'red, it. was found th3t a hydrogen ps was eftective as a gas
to Pe sensed, for sensing con-tact of a process fluid with fused salt
in Test 5e GHE. was heated to 380C in stairdess steel vessel 22, and
as compared with Test I, H;,, CO, and CO2 inereased, cherefore, it
was found that, under such conditions, (DTIE :ooaby cteeotnitosed
Iciest 6, heating to 380C was carried out while CUE and fused salt
were in contact with each other it: staiigess steel vessel 22, and as
compared with Tests 2, 5, II, anti NC, increased. Since a large
:IOW:1M of hydrogen gas in particular was generated" it was 20found
that a hydrogen gas wras efEWitte as a gas to be sensed, for sensing
contact of a process fluid with fused salt. REFERENCE SIGNS LIST
I heat exchanger; 2 pipet s hit_ 4 heat medium tank; 5 hydrogen gas
sensor; 6 liquid phase portiom 7 vapor phase portion: g pump: 9
cooler and heater: 0 pipe: 21 thermos:ark: bath; 22 stairdess steel
vessel: 23 fused sail.; 24 pipe; 25 cooler: 26 glass
vessel,rape:fluoroplastic sampling bag; 29 N2 cylinder:gas
flow-meter; glass vessel; 32 PTOCeSS fluid (MCC OT CUE); 3$ oil bath;
14 fused sail coiled ion vessel; 35 supply pipe; and 36 ribber:
hearer.  CLAIMS        I. A method of SeriSi:k1 an abnormal condition
in a heat exchange process for heat eXChaxige between a heat MCCIIUM
which sftsed salt including nitrate and/or nitrite and a process
fluid including secondary alcohols and/or a dehydrated product
Lkiereof (1.:11711pTiMI12: 



a senSinir stet, (-if Set1S1316: h.VdrOgen, gaS generated as a result
of contact between said ;",ocit.ss emu and said heat medin th a vapor
phase portion in a flow n         2. The method 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
weight % of said nitrite and has a melting point from 100 to 200C 15
3. A heat exchange apparatus, comprising:          a process fine
flow path through -winch a process laid including secondary alcohols
and/or a dehydrated prodact thereof flows.;                 a heat
medium flow path through which a heat medium which Is fused sat;
20:handing nitrate and/or nitrite flows;         a heat exchanger for
heat exchange between said process fluid and stud heat medium; and
2:1 \.'f.velICigl.z.M gas sensor for sensing a hydrogen gas generated
as a result of contact between Sa3:3 process fluid and said heat
medium, 25said hydrogen gas stmsor being provided in a vapor phase
portion in said heat tnedium flow path. 


