DESCRI PTI ON Tl TLE OF | NVENTI ON Met hod of Sensing Abnor nal

Condi tion in Heat Exchange Process and Heat Exchange Appar at us

TECHNI CAL FI ELD The present invention relates to a. nethod of sensing
an abnormal condition in a process of heat exchange between a heat
medi um and a process fluid and a heat exchange apparatus of which
abnormal condition is sensed with the nethod of sensing 10an abnor nal
condi ti on. BACKGROUND ART In a heat exchange process, fused
salt, water, or the like is enployed as a heat nedium and a.
tenperature of a process fluid is adjusted to a prescribed _
tenperature as a result of heat exchawsibetwgen this heat nedi um and
the process fluid. For exanple, fused salt which is a m xture such as
sodiumnitrite and potassiumnitrate has such properties as (I)

excel I ent heat; gopdugiiengapabi lity, (2) high chemical stability
even at a high tenperature, and (3) ease in tenperature control.

Therefore, fusedMsaildd didenhiegmmsedaldSomndithingh Heampectanpe erdeeat andggddaym
for heating_or cooli ngr vari ous process fluids. 20During the heat
exchande pr 6&E8ES APPi8MEss fluid or a heat nmedium may | eak due to

coni osi on onrphgvidAderef 8. pipe and a method of sensing | eakage of a
fluid has been studi ed. For exanple, Japanese Patent Layi ng- Open No.
: 2001- 82833 ( PTLTh} peasnt prepose tlacnetduadthofl of ensimgnaabgasnd eopdinentn a

it en oxi de nerated at the tine when a | eaked process fluid
ﬁgiac[ ggto aéllf%%% o%ﬁaaﬁgﬁthnﬁeéem&a BSH AR BB A SrP P e S IR AR a9t £ or

the heat megidhgcppArbhN rldh3dh RADENT doh dERATURE BT LI@RANES BioF A €0sing
Layi ng- Open No, gZO(S): 3-83533 SUMMARY OF | NVENTI ON
?O 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 or a heat medium may leak
due to corrosion or the like of a pipe and a method of sensing leakage of a fluid has
been studied. For example, Japanese Patent Laying-Open No. 2003-82833 (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 phase portion in a
25 flow path for the heat medium.
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TECHNI CAL. PROBLEM Wth the nethod described in PTL 1,

however, | eakage of a heat nedian process fluid flow path cannot be
sensed, arid there has been a possibility of occurance of a secondary
di saster such as expl osi on. It is an object of the present
invention is to provide a nmethod of sensing an abnormal condition in
a heat exchange process, capable of pronptly sensing | eakage of a

heat mediuminto a flow path for a process fluid in addition, it is

al so an object to provide a heat exchange apparatus of which abnormnal
condition is sensed with such a nethod of sensing an abnorna
condi ti on. 18SENITIONPROBRROBLEM The present invention

provi des a met hod,.of ,ensin n_abnor ndition jn a heat exchange
process for heat gvelgkwgﬁbeéhcgje‘?%ré yed" %gjgrt ﬁ??@&’ieﬁ?ﬁ’ E?ﬁlﬁagf He 8%@9’%1“3? gl,to a
having a sepsichg fBli@poRfpagensinbhescdas!, SRMMRALKHs BeNebadsediidSofdccurrence
result of deconposition of the heat nmedium and/or a gas conponent
gener at ed asf @sqcendary dspstepches cidesieen t he heat medi um and t he
process fluid, in: ) i in.a flow path. far .the.

P ocesd f1uid, i b oBEk PR EERE BT o B ot Rine

process fl uitthokmawedgpattivndan hpsisxphdnge pactesgadpdbye bEprsLRNEedensiiiEleakage of
met hod of sensing an abnormal condition according to the present

i nvent i on desexinheiurapee flow pribfierapiogesssbdd. i nin@dddign. xcHameeobject to
rocess, in [ t [ IS i;ncl udi It

Bndror i tr PR A RO R b RO B Lo DL i

and/ or a dehyddtcgderpirgdiicibnbhesleohditiont hi s case, the gas conponent

int [ i ncl udes, f le, at | t f
o tr odn oxPaeTiNEN POdaTBBhERbnoxi de (GO, car bon di oxi de (002, and
hyd 132). . | 3 hid - di
yrogen (132). Thepmethod fonsRSiag «30- 600 TaLine 0dbhi am esaarl 1o

to the present ention described above is p era
heat exchani&t pxdeegsprocess for hdat ehbahgabetweel ahedtsnddivednsalptocess fluid,

including njtrate and 20 to. 90 .weight A of nitrite and having a
mel ting poi WYif% BiLow 19 206uTe Ngﬁ%‘f%}?p%‘?ni HOEALE ShEFe! Phe hear
medi um i s t B&ohipeemiondl the MG! MAliNG MHdVdr o 8 sSUE RS SO/ Y Bl grééﬁﬁ of

(hbhEQ%, since at | east one of nitrogen oxi de, carbon nonoxi
car bohodi oxfadact daidvely drcolgrahmiedivgemer it e@docass flaidr msutapoophaseaotticonn a

bet ween thi g hea i um and .Th rgcess flujd.. |eak of the .
rocess 11 u18-aain BF SieP s ALRE o B T siteer gk RS I gad et nto o
I'n addi tionprothe mﬁ@ﬂ@mpaltmyﬁrgrb@l?ﬂpaﬁ&ké&@ﬂy%e?a@x%d.exchange appar at us
including a process fluid flow path through” which a process fluid

flows, a heat medhametiosvwlparsing s dughmahicoditwnireatrdmedp dm freows, a
heat exchanger_ f or,heat change be en t.he heat di um and .t he.

pr ocess 1 Lo et o BE R e B BRI E g S PR BB e Mt e
as a pesul t hef ndeoonpoSkdd Qn iﬁéluﬁi'ﬁ? nhteat af®ei Hinmi@Rdl e Ho8aS fluid contains
conponent generated as a. result of contact between the heat nedium

and the prot&ssdary glcghols wad/gas delsswed buidug! hewof-dela this casey dsaas phase
por k1 on, ', 8o BLAF RS b BB Yo el PRt PG
oxide (NOy), carbon monoxide (CO), carbon dioxide (CO,), and hydrogen (H,).
The method of sensing an abnormal condition according to the present
25 invention described above is further preferably used in a heat exchange process, in
which the heat medium is fused salt including nitrate and 20 to 90 weight % of nitrite
and having a melting point from 100 to 200°C. Namely, in the case where the heat

medium is the fused salt including nitrite such as sodium nitrite (NaNO,), since at least

one of nitrogen oxide, carbon monoxide, carbon dioxide, and hydrogen is generated as
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enconpassi ng al so a dehydration process of secondary al cohols,

ADVANTAGEQUS EFFECTS OF | NVENTI ON According to the nethod of
sensing an abnornmal 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 nedium and a process fluid.,
| eakage of a heat nediumcan pronptly and readily he sensed by
sensing a gas conponent generated as a result of deconposition of the
heat medi um and/ or a. gas conponent generated as a result of contact
bet ween the heat nedi um and the process fluid., in a vapor phase
portion in arédudvelpetchon bervethéiiphot esslivrh andtheBRIERs DESCREPIQN tDF

DRAW NGS i.g. | i h t.i.c di how
en. i boTii nné’ﬁ(fcef‘)sfﬂ:"l&gHQ%PI!OZIS‘P%;%ﬁ{{S%ﬂB’%rSﬁ%% 4 m%garsg}/\nnggt gn?he present

i nventi on. _ In afdifon, 2hd Sredens GREABEA FrodiRYH ABXSTROMNBE appdr88E including
apparatus used in a verification test according to the present

i nvention. PESCREPIHEN cOFPHABOORNVEYNICE a process fluifhéo vy, e dertmediventow path

wi Il he described hereinafter. in.detail with reference to th

dr awi ngs. - r BoRg BREBRLRE e R R Sk et R TR Ban Bt
heat exchangeaiapphi@tays tacsesds Adid end A8aPIRSETbr idMYiRRt BB comPohdie
heat exchange apparatus showdi in Fig. 1, an abnormal condition of

| eakage of &cheaied gediwitios deswapssiioniof the irat methodanst orsegpsicngiranent
abnormal condit] t rese i i h eat
exchange ap ggﬂﬁé’{%g agg g?c/\%nglﬂ iog gﬁtg(fttb?&e%g ﬁﬁ%gésat a rz‘“\érﬁlg{i: glgcgthﬁpﬁ?cg % ﬁ%@/’ %5%? S
t hrough whi eénsar peiag easideldun d vip@whasapdieat imedipusoctd Owddatwhpithr ough
whi ch ﬁ heat medi um flows, a heat exchanger | [hr heat exchange

bet weél the heat W8dPistai dhe Rsalpeaas Mpest indpiPEsEas§BRYbIS UCmEept

sensing & SasGARANET, ABI LSS, ABReSUhagh dsgenposi Lion of the

heat nmedi um an onent”' generate a result of contact
bet ween t he AiebANTRdrbOUaFRBE HO0deS&ENTIQIND. The process fluid is

supplied to heat exchanger | thrqugh a pipe.2. In the 10present
enbodi ment, the PrEEEEE I @eﬁoawgﬁazsvf{)%w%hwogn&fqoa tﬁaﬂﬂa?lrs%ﬁxahange
conduit in heatsexGhangetxdhah %;h[a?ﬁﬁé)irnpch%gfbs&ﬁ‘ﬁ%n%ign,tiﬁra%gthe%’ﬂhfg&

a
process fluid flows and a fl ow h branched therefrom ([ hr exanpl®e,
a cirdal ati mpopstt foy heatvedtanpe heeeT h@eafrocdyumtane aproces §ufd, kaklade afw heat

pat h i ncl udes heat excha%ger I %gd absqgﬁéion tower 12, as well as
pi pes 11, 3HHEFREEE WS 065G PEPEOSHPY SV ERE 2 ERhEdgnGr generated as a
absor ption t@wWalof hdcorbokridnWirdhd hawnRalhn aibseauaniont RneRSRhPhLQM; a
tower 12 is not included. The gas sensor should only be provided in a
vapor phase rgottaf eanteet behecepribe ks nfediind ahd 8w pratdss flnnl, ithevapor phase
portion in a flow path for the process fluid.
20 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic diagram showing one embodiment of a heat exchange
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.
25 DESCRIPTION OF EMBODIMENTS
The present invention will be described hereinafter in detail with reference to
the drawings. Fig. | is a schematic diagram showing one embodiment of a heat

exchange apparatus according to the present invention. In the heat exchange

apparatus shown in Fig. 1, an abnormal condition of leakage of a heat medium is
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present enbodi nent, gas sensor 4 is provided in pipe 3 branched from
pi pe Il connecting, heat exchanger | and absorption tower 12 to each
ot her, Gas sensor 4 can also be provided in vent |ine 16 of
absorption tower 12, In the present enbodi nent, NOvV20an sensor 14 is
further provided in a pipe 13 branched fromvent |line 16 of
absorption tower 12. In the present enbocnntenL, the heat

medi um fl ow path neans a flow path including heat exchanger La pipe
5, a heat nediumtank 6, a. punp 9, and a cool er and heater 10, and a
fl ow path branched therefrom ([ hr exanple, a circulating path, a vent
I n the heat sexehaniyshapparodiofsershpm dbnormg codditigasceetispto theqredy@
sensor 14 senses a deconposed gas conponent of the heat medi um which
| eaked into the %Focess fluid flow path in heat exchanger 1 and/or a

gas conponent gengeatfexasnge agﬁeu&ths Q{ovﬁpﬁhtfa%tl Btludbea prRbssMRAl Wy path
whi ch | eaked into the process fluid flow path with the process

f1luid. thropghgvhich a preagss fluigrftpeys, p hpg mestiump glopy eaih drpyeh whichedheso

| ong as hea etween a process.fluid tnid a heat tnediumi
achi evad wi eﬁ?ﬁ%ﬁ% R Sl el HiP R s*iepes By sl BEgu g dhe
i n-ten:tottethceanthif,ohdexaspétor & fshehlin@hdad ehepdihi fhetLal asheatult of
exchanger, a plate-type heat exchanger, a spiral heat exchanger., a

bl ock heat ExcHaIgEion cbiherlirat meRiant sy eisegnsicagiPanGu e nkhiedds heeult of
. ti tchanger c%Qct%%t&é@ﬁ'tl‘i’%’ﬁ&t Wgﬁﬁjnbﬁﬁith%é?&%g% ﬁﬁi'fi! t inGUCeS net Only
y 1Tor neal exchange Du SO

a heat exchanger sinp a a reactor \\1/2

1/2\ a nul t pt ut t §hk aroceat faliy td eippaekecthdaeachaiget orthbeagh apxeimnge tand
reactign. Preferably, fused salt, water, or the like Is _enployed as.
the heédt t n@HSEUPIRSIHER;t8e pipsess fad flowpadiymseas & flow PeBrEem i Gogdeioin
to 90 wei ght,.,ki Lty ( ' (o R AW : '

point in a ?’%aﬁglé‘&}i‘ag %Iflg{?ibairﬁbg?@:t1§5 ;I(%Vger% 1?8"8%%1%{1 %%éht al%I%{cgssg]rdggp{rVg .d .
In Ote caséownertlebraaclednipasiroingforkkdmple? a citéAAthR) Adth-a1ve2NEND) , Therefore,
stadivni nitrate (NaNG u), and.pqtasisi),re citreire (iisinx3) i

enpl os, : ed 4 RPLEY Ewﬁiqw priSdaiSee? %ﬁfaﬁemﬁgdﬁh@wl%%@héitaé Wl
ranges fromZgipto] b0 MELBALELELM Rold 132a el aht 1i%e 1803¢ab ogmoﬂlﬁo&lgr Pp A
wei ght % respecriveitc, is nore preferred. ternatively, in the

case Where &ucbiipoyithisohseqoempds eblsooptiddeiNved 12isamd ikN@Bdi s Terphoseasoras
fused salt, fused salt containing these conpanents in ranges frgm 20
to 90 el ght SIS REPE SR G 5 SIOTREPERE POROPaE JBcRiPvEe JI OWgRG. I the
preferred, &itfehfad]Yont AWas @XQTPY €5 prdvERARPSipk 30Ra8GkLH MHRESEGe af

Nati C102 (40 weight %, Nalst03 C weight %, and KM) (33 wetght %

(havi ng a mebrieang heao ¢achangdr laRIGbsomticntnpasiltip sactcathpos dihsotnsor 4 can
NaNO) Véi gh %)so be provided in vent line 16 of absorption tower 12. In the present embodiment,
20 an NOy sensor 14 is further provided in a pipe 13 branched from vent line 16 of
absorption tower 12,

In the present embodiment, the heat medium flow path means a flow path
including heat exchanger 1, a pipe 5, a heat medium tank 6, a pump 9, and a cooler and
heater 10, and a flow path branched therefrom (for example, a circulating path, a vent

25 line).

In the heat exchange apparatus shown in Fig. 1, gas sensor 4 or NO, sensor 14
senses a decomposed gas component of the heat medium which leaked into the process
fluid flow path in heat exchanger 1 and/or a gas component generated as a result of

contact of the heat medium which leaked into the process fluid flow path with the
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fitaNt): (13 weight 'Xi), and KNO& (53 weight kg) (having a Melting
poun of | 52"C), a co:reposition con:posed ut NaNO2 (30 weight % and
KNG3 (30 wegii,l"it "Zit: (having a nelting point of 139C), and the
like are exenplified. ht order to |lower a freezing point of these
fused salts and factlitate tenperature control, water nay be added

for psis The process flind is not particularly limted so |ong
as a proce"" fluid can generate a gas as a result of contact with a
heat medi um when the heat nmediumflows into the process fluid flow
path and that gas can be sensed in the vapor phase portion tti the
process cm prockisdmigpat h. for exanple, a property of the process fluid
may be any of a. HsoI id aliquid, and a gas, however, a gas is

desi rabl e. e} GChHIESE hoenWRBRE TGy A s Y 1pag enpleb yEdanLe beween a
heat nmediu L. fil : y
al cohol s a%?%?gsaﬁﬁ%ﬁ%gg%%ﬁ%Ei%cqeﬁgéjgcl) C%ﬁshq%rle %?1}(% :ass tﬁﬁg@ﬂ?ﬁ
process fl uifldt plSpeeingiivaiioped.faod fexanpipts, aahgt-ecessefdylindtidahataidixoiganger,

tlhityl I | bi nol (MCC). ti d | cohol o]
Cycl ohdxyl BRI e TR nab GSbitt G S o AEHFaray Bt Broate EHerEbE ke
and the i k?ep@é’s@nﬁ%%‘d"ﬂlllkﬁé:adiHéa@éj&héﬂf@f‘can% érﬂﬁogéd?cep& }Ielayé-)ghaﬁ%?i ng

exanpl e, a process fluid including 4ubethyl2.- pentanol represe
a secondar yirglwiehodt @y 4 hpstchyr@gpennplyeor bpat esenngn guiealslehydr@at edch as a

product thereof, .and the lik re exe i fied. Wien. these process

Pl o s and: Foceitnr endBme ik dRedbohnin EainEO LIS RN 00

002, or the |ike. pteSerdhiQ9RRES €ater, or the Mﬂgf&&gﬂ@g}éd%_mé%eﬁfed(m.e As
type of a heat exchange process) in which fused salt is enployed as

the hélt nediufsedved. psompptiogeaorasininge Ope §6esselt Yaiod sodina iR (NENO,)

generated by dehydrating.this MCC will .be descri inafter in
dota 1 hal R S At T BT D0CRaRgr e BE o)
t hrough pi p&e%asé‘@ﬁére%&%ﬁﬂ;@@iﬁoﬁ%&%%dmm, fused makt (NaNOs,), and
approximately from 300 to 400("'Cis carried out in heat exchanger 1.
CHE i s genepaipesrh ngradIONQs) ia empsuied asfusde hyitfatadonlt chnioge thagor
phase reaction, and .CHE is.sen ough. pj,pe 11.an CO r 17.to
absorption t %%?nef%mﬁ%ﬂp 0 rr%%q {?H Oo‘ﬁg"gwg{‘” ﬁ'ﬂfnesr g’d%aﬁlglﬁﬁt?"i’ B%JfrBWe‘FS o
12 is16ircubatethhidys, acpuiiprelip.is doek greRaiel. t Neeeniivily, WSBHeasdSaltre a
absorbing solution and a part thereof is guided to 20downstream of a

process,  compgsifi@cosaased hatlaNgs aebkpl &t ie dmnéated ex draA galt fisdd sehie

process fluid.j.s: di r eat exchan 1.and, se t eat
ed am  ank R B RP AER RS AE R RE APRREh A B0 B ks (BT
stored in thieighheatesyesivm, tamkrbore@ndd hegpediBehl yNTdr aRkmPlel $composition
constituted of a Iigui déghase portion 7 (fused salt) and a va

ohase port i RMEoseriabDaNGhIE0 eg Jui HabRhsd Weeslt Donam RAGseie Weyehs i

9t I r 10. f i d/ i isAf: d .,
St ? S80S AR e 0 L EPTL D, RIELRD OBL0 Rt NS Rnc oo,
exchanger | NaNO, 3l NG@ighhe;)alof erent s pnedhdelydsahi @t dMiAcssis &f15bhe), o
second, .y alcohols is erally performed substantially at an

at nospher i ccpnesstiigmesonimseppobes s, {iLwdight BvanpMNO1 & 0mediphtaiocnédvaty aa
pressure | ower.than t the heat int:Mnn |l a th. Therefore,
when a er a&mg[tl%t@lqtiqegg?@p?llfng e&EFeeXteB"Pé‘g’tegsghbgr biorl8eFoh TFFE ke
proCeSr: 1 filith; i t r

o ing. the BoRyUar ot RauRat i 8Rd i@ Wibgrafurt RollR w R AT 9E bl for se.
-f1 ui d5f | ow pat hTaagdracesdtisd tondtpertproelgdsnitddicdonansa benes NG c&O,
002, H2., or the like is generated. Furthernore, a, gas conponent

CNO., or th%eqerazéaéé%sraa{egﬂ“ 56 CGplac afiffea Rt FW_@%%W’&E@&H%EF‘F bR Bpws
fused sal; mRyRlIBeck! AWl HHVQRSth%nQrt}%?%§§CJHBHQngé&WtH@Q{l}orgﬁas}%%\é'{@& in
the sensing step or sensing these gas commonents wth gas sensor 4

NO, sensor th procak8ygeé fofw pite. hEat exmedilymirspsensiate Manssearit ynastiagey

of a solid, a liquid, and a gas, however, a gas is desirable.
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As gas sensor 4, a controlled-potential electrolysis type or infrared
type NO, sensor, an infrared absorption type CO CO2 sensor, a contact
conbustion type hydrogen sensor, and the |i ke can be enpl oyed.
Specifically: a controlled-potential electrolysis type NO neter

manuf act ured by New Cosnps Electric Co., Ltd., an infrared type gas
anal yzer manutgctured 1w Vol eogaiica Electric Corporation, a contact
conbustion type hydrogen sensor manufactured by New Cosnpbs El ectric
Co,. Ltd., and the like are eat:rut:lifted. F. A verification test
for verifying that the method oi sensing an abnormal condition
accordi ng: to thé preesenthérnvest isanis sndbyeeictsi tiehsa snecdamdfot exhnpiethe
fol | ow ng, Fi,g. . 2.shows a schenmatic djagram of an overall test
appal : a: 15 GE&EsS fif ﬂECl%?g Y‘fi‘rlf)é'tsis‘f)‘iﬁ’ng%réfﬁlc.o}’ﬁl'st dfpa dﬁgé‘g}éﬁegtpﬁ‘i’ ot gggeof
appar at us, & gesrgenenat he : hiRi; i
tHal slli, andﬂ a process Pfﬁ?cue?%jﬂtéﬂa iS ?ﬁﬁ?ﬁg?ﬂﬁﬁﬁgg? %%Er%ﬁﬁ!r‘%g llr)l}gadmg
was i x. .. al mggedeyclohexyl catiinel {¥ G Esepmppamatarsceitonnalcohdiog cydphexyl

eval uati ng FPSBTB{CHET ARG i S TuBE SRS R Fi PG e gisiplifed
fused sal; Z3aqli@eeds itatprsdeds NLRS Sorekeahley £9aRbssAuid nfURRhY 4 RhAGY 13D

for supplying an introduced gas including an MCC gas or a E tziats
to fused saPtnt@®lygnrpicativgs selongy atpedokor 4-methyl-Sapentanertpgesanting a

vessel 34 f ntin u sal.t .23 from flow.ng.hack, to upstrea
of the appagé}p@éﬁgip%’ldlﬁ% tE%%&an c%’lelhi(gtaf%afenﬁﬂl beghaﬁ@fenéggsei%gcess kS
attached toasd fised esscosieialcovesselth 22h dihe, exdaast CgasHb oreeoliedisi n a

gl ass _vessel 26 imrersed in. a cooler 25 and a part thereof is
col | edfed i BeET#Pdior opl asti ¢ sanmpling bag 28 through a pipe The

i ntroduced gas i : | ' . a
cylinder 29 int o%a&%h?ggdéggg&%%%?% b@%togg%%gggﬁ%f%ggé%eggl 1{1}&81%&(9%8h
or CHE) heatssinployaiesahd hdzanieddsn, MaCadadnipl®mrd abyhdheatdsedual, phP €HE is
bet ween gl ass ves ﬁklé 31 and fused salt collection vessel 34 to a

t enper at ur eg?ft?tratF‘g Aehyasiing tg@impggwﬂot?erﬂesﬁﬁqufﬁpa@q@ B§'elsi ng a

ri bbon heater 36 NG o :
condensingd lie 11\18%? E))ye’.I\}?CAIBI%(’)%/{/]ft Ilrogtgéejedg? %gggég(gﬁ%rgg%ﬁ Kfz{ﬁ%ﬁﬁ}ﬁ‘f&@gﬁ%" eizé cat

adj ustléd byemchgage bdtawdmBet@&r a@dDfustd sdlisapped:athatddatroth J0@p0EHENT $s @rried out
tenperature, sensor in Fi Tests | to 6 were conducted in

. 2.

the fol | owi Hy'§5¢ %éla{agf‘ééggylﬁﬁéigﬁger@m froms M Qppapaewd casichyboon fhroygs
d h , i . 3 : i K

noted that v%ﬂbé-é?ﬁstesre&ctloﬁ axﬁir@H 1S E ?t}{r8hé19¥\f8§9é%58 %?(%!f ?% hlghisé\%‘tl%n

not perforne the test started froma“p edure
granms of fusedrdal t Al CEHNGR]uti4a theiegletNed¥SBrptidnwelghlt2 A cirkhiNed by a pump

-rainwere | oaded in 150 nj|l] stainless steel vessel 22.. o (2)
St ai nl ess _s? g’eqng\?é%a%gerﬂ Méecgﬁ%@eaj’s?wlﬁgﬂ%}l%% A erBhatEFeh ey tan
i sothepn. si gt GARRLAL T EpBfes380QC.

Fused salt that has completed heat exchange with the process fluid is discharged

from heat exchanger 1 and sent to heat medium tank 6 through pipe 5. A prescribed
amount of fused salt is stored in this heat medium tank 6, and heat medium tank 6 is
constituted of a liquid phase portion 7 (fused salt) and a vapor phase portion 8. Fused
25 salt in liquid phase portion 7 is sent by pump 9 to cooler and heater 10 for heating
and/or cooling this fused salt, cooled or heated, and thereafter again supplied to heat
exchanger 1.
Since the aforementioned dehydration process of the secondary alcohols is

generally performed substantially at an atmospheric pressure, the process fluid flow
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(3) After thsed salt reached a prescribed tenperature, a line from N2
cylinder 29 20to i C 27 through which an exhaust gas passed was
substituted with a nitrogen gas. (4) A gas mxture of MCC and
nitrogen (Tests 3, 4), a gas nmixture of CT-IF, and n (Tests 5, 6), of
nitrogen alone (Tests 1, 2.) was supplied to stainless steel vessel
22 at a flowrate of approximately 2000 int: kr-dm (5) A gas
generated as a result of supply of le gas mxture of MCC and , the
gas m xture of CHE and nitrogen, or nitrogen alone was collected in
fluoroplastie sanpling hag 28 for a prescribed period of tine

(6) O the qgotl gehiaeapxhauspredase |0 IMBShABAII 18Dt Welifhinl 88w &)ath.
chromat ography and i ner gases were neasured with gas chromatography,

and vol unet riferdeisposen i exchbr thedikexhausiticagadievasiressamicomedsio abihe ptocess
thove, e, VMR T R HoBERD ingp Sl o, £
fused salt leaks into the process fluid flow path and reacts to the process fluid, and
5} hence NO,, CO, CO,, Hy, or the like is generated. Furthermore, a gas component
(NOy or the like) generated as a result of thermal decomposition of fused salt may also
flow into the process fluid flow path.
By having the sensing step of sensing these gas components with gas sensor 4
or NO, sensor 14, leakage of the heat medium is sensed in an early stage. Thus, an
10 interlock can be activated so that supply of the process fluid and fused salt into heat
exchanger 1 is stopped and damage can be prevented from expanding.

As gas sensor 4, a controlled-potential electrolysis type or infrared type NOy
sensor, an infrared absorption type CO/CO sensor, a contact combustion type
hydrogen sensor, and the like can be employed. Specifically, a controlled-potential

15 electrolysis type NO, meter manufactured by New Cosmos Electric Co., Ltd., an
infrared type gas analyzer manufactured by Yokogawa Electric Corporation, a contact
combustion type hydrogen sensor manufactured by New Cosmos Electric Co., Ltd., and
the like are exemplified.

Example

20 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.

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

25 was evaluated.

In the test apparatus shown in Fig. 2, a thermostatic bath 21 contains a stainless
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

s fio



,/01 NO 3 est N trogen <lI). 0.00090.043 0.0033 Test z 10

Ni t rogen

10

15

20

25

<0.1 0.0003 0.034 0.019 O N trogen, MCC

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
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
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 N, cylinder 29 is adjusted by a gas flowmeter 30. It
is noted that T represents a temperature sensor in Fig. 2.

Tests 1 to 6 were conducted in the following procedures by using the test
apparatus as above. It is noted that, in Tests 1, 3, and 5, the following procedure (1)
was not performed but the test started from a procedure (2).

(1) Ten grams of fused salt (NaNO,: 40 weight %, NaNOs;: 7 weight %, KNOs:
53 weight %) were loaded in 150 ml stainless steel vessel 22.

(2) Stainless steel vessel 22 was placed in thermostatic bath 21 and heated to an
isothermal temperature of 380°C.

(3) After fused salt reached a prescribed temperature, a line from N, 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
nitrog‘en (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.

(6) Of the collected exhaust gas, NO, 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.
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Table 1
Amount of Composition of Exhaust Gas [Vol %]
Loaded Type of Fed Gas

‘ Fused Salt [g] il €0 €9 NO,

| Test 1 0 Nitrogen <0.1 0.0009 0.043 0.0033

| Test2 10 Nitrogen <0.1 0.0003 0.034 0.019
Test 3 0 Nitrogen, MCC 0.3 0.0046 0.05 0.010
Test 4 10 Nitrogen, MCC 1.4 0.032 0.36 0.044
Test 5 0 Nitrogen, CHE 5.3 0.036 0.37 0.0010
Test 6 10 Nitrogen, CHE I3 0.028 0.20 0.024

As shown in Table 1, it was found from Test 1 conducted for comparison
(where no fused salt was loaded but nitrogen alone was fed) that Hy, CO, CO,, and NOy
could be regarded as not existing in the test apparatus. It was found that, in Test 2,
fused salt was heated to 380°C in stainless steel vessel 22, increase in NOy was
observed as compared with Test 1, and hence fused salt locally decomposed at that
temperature. In Test 3, MCC was heated to 380°C in stainless steel vessel 22, and H,,
CO, and NOy increased as compared with Test 1. Therefore, it was found that, under
such conditions, MCC locally decomposed.

In Test 4, heating to 380°C was carried out while MCC and fused salt were in
contact with each other in stainless steel vessel 22, and as compared with Tests 2, 3, Hy,
CO, CO,, and NOy gases increased. It was found from this result that H,, CO, CO»,
and NOy were effective as a gas to be sensed, for sensing contact of fused salt
containing NaNO, with a process fluid containing MCC. In Test 5, CHE was heated
to 380°C in stainless steel vessel 22, and as compared with Test 1, H,, CO, and CO,
increased. Therefore, it was found that, under such conditions, CHE locally
decomposed. 1n Test 6, heating to 380°C 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 NOy increased. It was found from this result that H> and NO, were
effective as a gas to be sensed, for sensing contact of fused salt containing NaNO, with
a process fluid containing CHE.
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0.0010 Tt..st 6 10 Nan:as:0: 0.028 020 0.024 As shown in Table I,
it was found from Test | conducted for conparison (where no fused
salt was | oaded but nitrogen alone WZ, ft:CD that bf2, CO 002, and
NO, 5could be regarded as not XN St,ilt,; b the test apparatus, It
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stai nl ess steel vessel 22, increase in NO was bSerVed as CC.M x:red
with Test L and hence fused sal; |ocally deconposed at that
tenperature. In Test 3, MCC was heated to 380C in .stal niess steel
vessel 22, and 112,, CO and NOV increased as conpared with Test 1.
Therefore, it wag Heaundhitat; 2 mﬁa@rplw%@a sERel 3 pipBss hdie@ebnnakdnk; 7

deconposed, In Test 4, heating to 300"C was carried out while
MCC and f uséduidathessaraon:rd wont pletse Apitionedohmet Hepoqisndingriess! Istipe 12

vessel 22, $ r W, t 2 )

gases incr e%gsé) t?,&%{?‘ 1? d112 rN o@-ﬁ h?og }Seé%%rfl{) @Yegﬂﬂg%d""@z and
NG' were ef Uﬁ:@lﬁ’le@tlcaBatﬂ, Malhtésdﬁﬁcéi essel 23|fhifedsensigipeds doaddr; D6 glass
fused salt 1500nt ai nin a process fluid containi

g MCC. In
'Test 5, (3Yassel?2 M@ehg&@@arom@sgﬁswmmgsha& A1 s svlsndes SQ s dowmeter; g
as conpared S r S
found that, gms%jg?s-ggﬂg {:OSEL Itf&%g@[@ﬁ':(ﬁ? %IEE%E&{%EIS 3-mgéeds‘a heCOllFétldﬁa
heal i ng | o 3846 Basugay pipe; andE¥h Gbisonvittiates. CUE and fused sun were in
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eff5ctivc as a gas to he sensed. for sensing contact O fused salt
containing NalINClr, with a process fluid containing REFERENCE SKI NS
LI ST | heat exchanger; pipe: 4 gas sensor; 5 pipe: 6 heat nediumtan,
liquid phase portion; 8 vapor phase portion; 9 punp; 10 cool er and
heat er; 11 pipe; absorption tower; 1$ pipe, 14 NO sensor; 15 punp; 16
vent line: 17 cooler; thernostatic bath; 22 stainless steel vessel;
2% fused salt; 24 pipe; 25 cooler; 26 glass vessel; 27 pipe; 28
fluoroplastic sanmpling bag; 29 N cylinder: 30 gas flow neteril glass
vessel: i process fluid (M. or CHE); 33 oil bath; 34 fused salt
collection vessel; 35 supply pipe; andc$@tisbbon heater. CLAI M5

LA net hod of sensing an abnormal condition in a heat exchange process
i hr heat exchange between a heat nedium and a process fl uid"

conprising: 5a sensi tep .of sensi a_gas onent generated as
result of decorrpgls'i t/? g}?ﬁ’é’g of AP Het él%’é’&‘f‘%rﬁoamﬂnﬁhﬁf&%x& HFGHERtess for
gener at ed asheat &:e8ude WRfweantAet mbetwesy éﬁb@es@@l@ld,%ﬂxﬁﬁ%@ﬂd sai d
process fluid:, in a vapot [ﬂahase portion in a flow path for said

process’ fl uid. 102sehngeiehodsabingerssis sgmanneihgoreraied eoadituitod in a

heat exchan S r.di 0 claiml1, wherein said at rue
urn is fuse garﬁﬁgsﬁt?l% cﬁjds%ﬁighe P&F é’f‘@ "t EasiceRppRent genera&zﬁsaaiadesu? of
process fl uidneontawbs Secoadakyival 6ahals paRedsaluid iﬁ@mﬁg&a}%{ée BEREHGE 2

t hereof, and sai d gas conponent’' sensed in said Sal:Sing step
i ncl udes at fwastthdpresagkrrarase dgh oxi de, carbon nonoxi de, carbon
di oxi de, and hydr ogen. 3. The nethod of sensing an abnor nal

condition in a heat exchange process according to claim2, wherein
20sai diG | ased salz iTelnetdiesd sfadedsing an abnormal condition in a heat exchange process
nitrateartd20to Omeghfliofsaidujiriteandjas
according t0 claim 1, wherein
said heat medium is fused salt including nitrate and/or nitrite,
said process fluid contains secondary alcohols and/or a dehydrated product
thereof, and
15 said gas component sensed in said sensing step includes at least one of nitrogen

oxide, carbon monoxide, carbon dioxide, and hydrogen.

3. The method of sensing an abnormal condition in a heat exchange process
according to claim 2, wherein
20 said fused salt includes said nitrate and 20 to 90 weight % of said nitrite and has
a melting point from 100 to 200°C.

4, A heat exchange apparatus, comprising:

a process fluid flow path through which a process fluid flows;

Do

a heat medium flow path through which a heat medium flows;

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

a gas sensor for sensing a gas component generated as a result of decomposition

of said heat medium and/or a gas component generated as a result of contact between
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a nelting point front 10U to 200"C. 4. A heat exchange
apparatus, conprising: a process fluid flow path through which a
process fluid flows, a heat nedi um Dow path through which a heat
machWIl flows:: a heat exchanger for heat exchange between said heat
medi um and said -process said | eat nmedium and said process fluid,
said gas SCr3SOT Maim provided in a vapor phase portion in said
process fluid now path.

said heat medium and said process fluid,

said gas sensor being provided in a vapor phase portion in said process fluid

flow path.
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