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(57) ABSTRACT 

The present invention provides a method for detecting 
abnormality in a process for exchanging heat betWeen a 
heating medium and a process ?uid comprising the step of: 
detecting a gaseous component at a gas phase in a ?oW path 
of the heating medium, Wherein the gaseous component is 
generated by contact of the heating medium With the process 
?uid. This method can promptly detect a leakage of the 
process ?uid in a process for exchanging heat betWeen a 
heating medium and a process ?uid. 
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METHOD FOR DETECTING ABNORMALITY IN 
PROCESS FOR EXCHANGING HEAT 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to a method for 
detecting abnormality in a process for exchanging heat 
betWeen a heating medium and a process ?uid. 

[0003] 2. Description of Related Art 

[0004] In processes of exchanging heat in general, a fused 
salt, Water or the like is used as a heating medium to adjust 
a temperature of a process ?uid to a predetermined level by 
exchanging heat betWeen the heating medium and the pro 
cess ?uid. For example, the fused salt, Which is a mixture of 
sodium nitrite (NaNOZ), sodium nitrate (NaNO3) potassium 
nitrate (KNO3) and the like, is characteriZed by (1) excellent 
heat transfer properties, (2) remarkable chemical stability 
under high temperatures, (3) easy temperature control, and 
the like. Therefore, the fused salt is used as a heating 
medium for heating or cooling various process ?uids in high 
temperatures. 

[0005] The process ?uid can sometimes leak from a pipe 
and the like into the heating medium side of a heat 
exchanger during heat exchanging due to erosion of the pipe 
and the like. Therefore, various methods have been studied 
to detect the leakage of process ?uid. For example, there has 
been proposed a method of detecting the heat of the reaction, 
Which is generated by the reaction betWeen a leaked process 
?uid and a heating medium, by measuring temperatures. 
HoWever, the method has risks of secondary disasters such 
as the leakage of the heating medium, the process ?uid and 
the like outside and explosion by the time When the abnor 
mality is detected since it takes a considerably long period 
of time for the temperature to be raised to a degree Which 
triggers the detection of abnormality after the leakage of 
process ?uid. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a 
method for detecting abnormality in a process for exchang 
ing heat betWeen a heating medium and a process ?uid, 
Which can promptly detect a leakage of the process ?uid. 

[0007] Namely, the present invention provides a method 
for detecting abnormality in a process for exchanging heat 
betWeen a heating medium and a process ?uid comprising 
the step of detecting a gaseous component at a gas phase in 
a ?oW path of the heating medium, Wherein the gaseous 
component is generated by contact of the heating medium 
With the process ?uid. It is possible to promptly detect a 
leakage of the process ?uid by this method. 

[0008] For example, in the case Where the heating medium 
is a fused salt containing NaNO2, the leakage of the process 
?uid is promptly detected by detecting nitrogen oxide gas 
and combustible gases Which are generated by the reaction 
betWeen the heating medium and the process ?uid. In 
addition, examples of the nitrogen oxide gas include NO 
gas, NO2 gas, N20 gas and the like. Examples of the 
combustible gases include dimethyl sul?de, carbon disul 
?de, methane, hydrogen sul?de and the like Which change 
With the process ?uid used. 
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[0009] The ?oW path of the heating medium in the present 
invention is not particularly limited so far as the heating 
medium ?oWs through it. Examples of equipments consti 
tuting the ?oW path include a heat exchanger, a pipe, a tank, 
a pump, a ?lter and the like, Which are a heat exchanger and 
associated equipments thereof. The gas phase in a ?oW path 
of the heating medium in the present invention is a gas part 
Which is formed in the above equipment, and vent lines 
thereof are included too in it. 

[0010] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention Will become more fully 
understood from the detailed description given herein beloW 
and accompanying draWings Which are given by Way of 
illustration only, and thus are not limitative of the present 
invention and Wherein; 

[0012] FIG. 1 is a schematic diagram shoWing an embodi 
ment of a method for detecting abnormality in a process for 
exchanging heat according to the present invention, 

[0013] FIG. 2 is a schematic diagram shoWing a testing 
apparatus, Which Was used in Reference Example 1 of the 
present invention, 

[0014] FIG. 3 is a graph shoWing results of a calorimetry 
using an isoperibolic calorimeter in Reference Example 1 of 
the present invention, 

[0015] FIG. 4 is a graph shoWing another results of 
calorimetry using an isoperibolic calorimeter in Reference 
Example 1 of the present invention, 

[0016] FIG. 5 is a schematic diagram shoWing a testing 
apparatus Which Was used in Reference Example 2 of the 
present invention, and 

[0017] FIG. 6 is a schematic diagram shoWing a testing 
apparatus, Which Was used in Reference Example 3 of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0018] The present invention Will be described in detail 
beloW With reference to the accompanying draWings. FIG. 
1 is a schematic diagram shoWing an embodiment of a 
method for detecting abnormality in a process for exchang 
ing heat according to the present invention. 

[0019] As shoWn in FIG. 1, in the case Where a process 
?uid leaks into a heating medium side of a heat exchanger 
(reactor) 1 and then a gaseous component generated by 
contact of the heating medium With the leaked process ?uid 
are sent to a heating medium tank 4 through a pipe 3, a 
method of the present invention detecting the abnormality 
enables a detection of the leakage of the process ?uid by a 
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gas detector 5 Which is provided in a gas phase 7 of the 
heating medium tank to detect at least one of the gaseous 
components. 

[0020] The heat exchanger 1 is not particularly limited so 
far as it exchanges heat betWeen the process ?uid and the 
heating medium through a partition such as a pipe or a plate, 
for example, a shell and tube type heat exchanger, a plate 
type heat exchanger, a spiral type heat exchanger, a block 
type heat exchanger and the like, Which are a partition type 
heat exchanger, may be used. 

[0021] The heat exchanger includes a heat exchanger only 
exchanging heat and a reactor exchanging heat together With 
a reaction such as a shell and tube type reactor in Which a 
catalyst is packed. 

[0022] As the heating medium, a fused salt, Water and the 
like may be used as described above. As the fused salt, a 
composition containing at least NaNO2 in the range of about 
20 to about 90 Wt % and having a melting point of about 100 
to about 200° C. may preferably used. In the case of using 
a composition comprising NaNO2, NaNO3 and KNO3 as the 
fused salt, the composition may preferably comprise about 
20 to about 50 Wt % of NaNO2, about 5 to about 15 Wt % 
of NaNO3 and about 45 to about 65 Wt % of KNO3. In the 
case of using a composition comprising NaNO2 and KNO3 
as the fused salt, the composition may preferably comprise 
about 20 to about 90 Wt % of NaNO2 and about 80 to about 
10 Wt % of KNO3. Concrete examples of the compositions 
include a composition (melting point 142° C.) comprising 
about 40 Wt % of NaNO2, about 7 Wt % of NaNO3 and about 
53 Wt % of KNO3, a composition (melting point 152° C.) 
comprising about 34 Wt % of NaNO2, about 13 Wt % of 
NaNO3 and about 53 Wt % of KNO3, a composition (melting 
point 139° C.) comprising about 50 Wt % of NaNO2 and 
about 50 Wt % of KNO3, and the like. In addition, Water may 
be added to the fused salts to loWer solidifying points thereof 
and facilitate temperature controls thereof. 

[0023] The process ?uid is not particularly limited so far 
as the gaseous component generated by contact of the 
heating medium With the process ?uid are detected at the gas 
phase 7 in the ?oW path of the heating medium When the 
process ?uid ?oWs into the ?oW path of the heating medium. 

[0024] When the heating medium is the fused salt as 
described above, process ?uids include (a) a process ?uid 
containing acidic substances such as HCl, C12, HZSO4 and 
the like, (b) a process ?uid containing HZS gas, (c) a process 
?uid containing methyl mercaptane gas, and the like. When 
these process ?uids contact With the fused salt, nitrogen 
oxide gas generates in the case of (a), gases such as nitrogen 
oxide, CO2 and the like generate in the case of (b) and gases 
such as dimethyl disul?de, nitrogen oxide, CS2, CH4, H25 
and the like generate in the case of 

[0025] Hereafter, a case Will be described in detail, 
Wherein the heating medium is the fused salt containing 
NaNO2 and the process ?uid is the process ?uid (a) Which 
contains HCl, C12, 02 and the like Which are used in a 
process of oxidiZing HCl to produce C12. 

[0026] The process ?uid is introduced into the reactor 
(heat exchanger) 1 through a pipe 2 to be heat-exchanged 
With the fused salt in the course of the reaction in the reactor 
(heat exchanger) 1 and then sent to the succeeding process 
through a pipe 10. 

May 1, 2003 

[0027] The fused salt, Which temperature is raised due to 
the heat exchange With the process ?uid, is sent to a heating 
medium tank 4 through a pipe 3. Apredetermined amount of 
the fused salt is stored in this heating medium tank 4 Which 
is formed of a liquid phase 6 (fused salt) and a gas phase 7. 
The fused salt of the liquid phase 6 is fed to a cooler 9 by 
a pump 8 to be cooled and then fed to the heat exchanger 1 
again. 
[0028] If a crack or the like occurs on the tube in the heat 
exchanger 1 due to a pressure or erosion and the process 
?uid containing HCl, Cl2 and the like leaks into the ?oW path 
of the fused salt containing NaNO2 in the above process for 
exchanging heat, then reactions represented by the folloWing 
chemical equations Will occur. 

kj/mol (Chemical Equation 1) 
NaNO2+HCl+%O2—>NaCl+%H2O+NO2+47.85 
kj/mol (Chemical Equation 2) 
NaNO2+1/2Cl2—>NaCl+NO2+19.25 kj/mol (Chemical Equation 3) 

[0029] As indicated by the above chemical Equations 1 to 
3, all the reactions are exothermic reactions. Changes in 
number of moles numbers before and after the reaction 
respectively are from 1 mol to 1.5 mol (Chemical Equation 
1), from 1.125 mol to 1.5 mol (Chemical Equation 2) and 
from 0.5 mol to 1 mol (Chemical Equation 3) and, therefore, 
the reactions are dangerous since such increases cause the 
inner pressure rises in the neat exchanger 1, the pipes, the 
heating medium tank 4 and the like. 

[0030] If the above reactions occur, a concentration of 
nitrogen oxide gas is increased in the gas phase 7 described 
above, and the gas detector 5, Which is provided in the gas 
phase 7, promptly detects the leakage of the process ?uid. 
By the detection, an interlock operates to stop supplies of the 
process ?uid and the fused salt to the heat exchanger 1, 
thereby obviate expansion of damage. 
[0031] A controlled potential electrolysis type NOx detec 
tor or an infrared ray type NOx detector may be used as the 
detector 5, and concrete examples thereof include a con 
trolled potential type NOx meter manufactured by NeW 
Cosmos Co., Ltd. 

[0032] The method for detecting abnormality in a process 
for exchanging heat of the present invention is not limited to 
the above embodiment so far as the gaseous component 
generated by contact of the heating medium With the process 
?uid can be detected at the gas phase in the ?oW path of the 
heating medium if the heating medium and the process ?uid 
are mixed. Speci?cally, as another embodiment, concrete 
examples may be a process Wherein NOx gas is generated, 
in a process for exchanging heat in the course of obtaining 
acrolein by oxidation of propylene, as a result of a heat 
decomposition of NaNO2 due to heat of reaction generated 
by contact of acrolein in a process ?uid With a fused salt. 

[0033] In addition, When the process ?uid of above 
described (c) contains methyl mercaptan gas, combustible 
gases such as dimethyl disul?de, carbon disul?de, methane, 
hydrogen sul?de and the like generate by contact of these 
process ?uid With the fused salt containing NaNO2, there 
fore, abnormality can be detected by detecting these com 
bustible gases. 

EXAMPLES 

[0034] Hereafter, the method for detecting abnormality of 
the present invention Will be described by Way of examples, 
hoWever, the invention is not limited to the examples. 
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Reference Example 1 

[0035] Reference Example 1 Was conducted under an 
assumption that the process ?uid containing HCl and Cl2 
leaked to be mixed With the fused salt containing NaNO2, 
Which is described in the above embodiment, and then 
nitrogen oxide gas and heat generated Were evaluated. 

[0036] FIG. 2 is a schematic diagram shoWing the Whole 
scheme of a testing apparatus. 

[0037] As shoWn in FIG. 2, an isoperibolic calorimeter 22 
(RADEX-SOLO manufactured by ASI Co. Ltd.), for esti 
mating the risk of the mixing of the fused salt containing 
NaNO2 and the gas containing HCl and C12, and absorption 
bottles 47 and 49 absorbing generated gases Were provided 
in a draft 54. In this example, the isoperibolic calorimeter 
Was used With modifying one of the above commercially 
available isoperibolic calorimeter in such a manner that a 
sample supply pipe 52 and a gas collection pipe 28 are added 
to a sample container 23 in order to supply the gas contain 
ing HCl and Cl2 continuously as Well as to collect the 
generated gas. 

[0038] The isoperibolic calorimeter 22 has a structure in 
such a manner that the gas is continuously supplied from the 
sample supply pipe 52 to the sample container 23 Which 
holds the fused salt, and the gas generated by the mixing is 
discharged from the gas collection pipe 28 Which is covered 
With a ribbon heater 27. It is possible to heat the sample 
container 23 through a jacket 24 using a heater 25 and, 
therefore, the heat and the gas Which are generated by the 
mixing of the supply gas and the fused salt 53 described 
above can be evaluated under any heating rate or isoperi 
bolic condition. The temperature of the fused salt 53 is 
measured With a temperature sensor 26. 

[0039] The gases supplied from a nitrogen cylinder 31, a 
hydrogen chloride cylinder 32, a chlorine cylinder 33 and an 
oxygen cylinder 34 are adjusted to be predetermined ratios 
by means of valves 38, 39, 40 and 41 and How meters 35, 
36 and 37 so that the supply gas is supplied through the 
sample supply pipe 52 to the sample container 23. Oxygen, 
Which is supplied from the oxygen cylinder 34, is passed 
through pure Water 45 Which is heated in a thermostat 44 and 
then incubated by a ribbon heater 46 to be supplied to the 
sample container 23 together With Water vapor. 

[0040] The presence of the heat generated by the mixing 
of the supply gas and the fused salt 53 Was examined using 
the above-described test apparatus, and, at the same time, the 
generated gas Was collected as being absorbed by Water 48 
and a 10% sodium hydroxide aqueous solution 50 in the 
absorption bottles 47 and 49. Composition analyses of 
collection solutions obtained Were conducted by ion chro 
matography. Generation of nitrogen oxide can be con?rmed 
by coloring (broWning) in a glass pipe 55 betWeen the gas 
collection pipe 28 and the absorption bottle 47 as Well as in 
gas phases in the absorption bottles 47 and 49. A rough 
amount of nitrogen oxide Was con?rmed by a darkness of the 
coloring in the glass pipe 55 and the gas phases of absorption 
bottles 47 and 49. 

[0041] Tests Were conducted under the heating condition 
(Test 1) and the isoperibolic condition (Test 2), and com 
position ratios of the gases supplied to the sample container 
23 Were as shoWn in Table 1. 
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TABLE 1 

Charging amounts of 
components of gas supplied 

to sample container 

(cc/min) 

Composition and 
charging amount 

of fused salt 
Temperature 

Test condition 

Test 1 Heating NaNO2 40 Wt % <Composition 1> 

condition NaNO3 7 Wt % Oxygen 10.0 
0.5 KNO3 53 Wt % Water vapor 0.6 
(0 C./min.) Chlorine 0.9 

Charging amount Hydrogen chloride 18.9 

6.81 (g) Total feed rate 30.4 
Test 2 Isoperibolic NaNO2 40 Wt % <Composition 2> 

condition NaNO3 7 Wt % Oxygen 4.2 
280 (O C.) KNO3 53 Wt % Water vapor 7.1 

Charging amount Chlorine 7.3 
6.30 (g) Hydrogen chloride 1.4 

Total feed rate 20.0 
<Composition 3> 

Oxygen 6.5 
Water vapor 0.4 
Chlorine 0.5 
Hydrogen chloride 12.6 

Total feed rate 20.0 

[0042] <Test 1> 

[0043] As shoWn in Table 1, Test 1 Was conducted using 
the gas of Composition 1 as the supply gas to the sample 
container 23 under the heating condition of 05° C./min. At 
the initial stage of Test 1, only nitrogen gas Was supplied to 
the sample container 23, and then the supply of nitrogen gas 
Was terminated When a temperature of the fused salt 53 had 
reached to about 70° C. to start supply of the gas of 
Composition 1. The result of Test 1 is shoWn in FIG. 3. 

[0044] As shoWn in FIG. 3, heat Was generated immedi 
ately after the start of the supply of the mixed gas (the start 
point is indicated With an arroW) and, at the same time, a 
large amount of NOx gas Was generated. 

[0045] <Test 2> 

[0046] As shoWn in Table 1, Test 2 Was conducted using 
the gas of Composition 2 as the supply gas to the sample 
container 23 under the isoperibolic condition (heater tem 
perature: 280° C.), folloWed by using the gas of Composi 
tion 3 under the same isoperibolic condition. The result of 
Test 2 is shoWn in FIG. 4. 

[0047] As shoWn in FIG. 4, heat Was generated immedi 
ately after the start of the supply of the gas of Composition 
2 (the start point is indicated With an arroW) and, at the same 
time, a large amount of NOx gas Was generated. Then, after 
changing the supply gas to the gas of Composition 3 (the 
changed point is indicated With an arroW), heat Was gener 
ated in the same manner and, at the same time, a large 
amount of NOx gas Was generated. 

[0048] From the results of Tests 1 and 2, it Was observed 
that each of the gases of Compositions 1, 2 and 3 generates 
NOx gas immediately after the mixing With the fused salt. 
The generation of NOx gas Was con?rmed When the sample 
temperature is about 70° C. in Test 1 (heating condition) and 
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about 280° C. in Test 2 (isoperibolic condition). The tem 
peratures Were lower than that of the heat exchange process 
(about 300 to 350° C.) of producing Cl2 by the oxidiZation 
of HCl, for example. In an actual process for exchanging 
heat (e.g., the above-mentioned process such as the Cl2 
producing process), it is di?icult to detect a slight leakage by 
temperature changes Which are caused by the mixing of the 
leaked process ?uid and the fused salt; hoWever, it is 
possible to detect the leakage of the process ?uid promptly 
at an early stage by detecting the generated NOx gas. 

Reference Example 2 

[0049] Reference Example 2 Was conducted under an 
assumption that the process ?uid containing HZS leaked to 
be mixed With the fused salt containing NaNO2, and gases, 
Which Were generated by the mixing, Were evaluated. 

[0050] FIG. 5 is a schematic diagram shoWing the Whole 
scheme of the testing apparatus. 

[0051] As shoWn in FIG. 5, a glass sample container 62 
for estimating a risk of the mixing of the fused salt contain 
ing NaNO2 and the H25 gas, a thermocouple 63 for mea 
suring temperature changes caused by heat generated at the 
time of the mixing, a supply pipe 64 for supplying the H25 
gas to the sample container 62, are provided in a thermostat 
61. The sample container 62 has a collection pipe 65 for 
collecting the gas generated by the mixing. The generated 
gas is collected through the collection pipe 65 into a so 
called Tedler bag 66 (sampling bag made of the polyvi 
nyl?uoride ?lm Tedler® manufactured by du Pont de Nem 
ours and Company). 

[0052] The HZS gas is supplied from a HZS cylinder 67. 
BetWeen the H25 cylinder 67 and the supply pipe 64, there 
are disposed a container 68 for draining, a valve 69 for 
adjusting a gas feed rate and a gas ?oW meter 70. In the 
container 68 for draining, a thermocouple 71 for measuring 
temperature of the H25 gas is provided. 

[0053] Using the above-described testing apparatus, tests 
Were conducted according to the folloWing procedure. 

[0054] (1) The fused salt (NaNO2: 40 Wt %, NaNO3: 
7 Wt %, KNO3: 53 Wt %) Was pulveriZed and charged 
into the sample container 62. 

[0055] (2) The sample container 62 Was placed inside 
the thermostat 61 to be heated to a predetermined 
temperature. 

[0056] (3) Nitrogen gas 101 for purging Was supplied 
to the thermostat 61 to achieve a nitrogen gas atmo 
sphere Within thermostat 61. 

[0057] (4) After the temperature of the fused salt had 
reached a predetermined temperature, a substitution 
by nitrogen gas 102 Was performed in a line (from a 
pipe 72 to a pipe 73) through Which the gas passes. 

[0058] (5) The HZS gas Was supplied to the sample 
container 62 at a predetermined feed rate. 

[0059] (6) Gases generated by the H25 gas supply 
Were collected into the Tedler bag 66 for a predeter 
mined period of time. 

May 1, 2003 

[0060] Results of the tests are shoWn in Table 2. 

TABLE 2 

Test 3 Test 4 Test 5 Test 6 

Charging 6 g 9.1 g 16 g 0 
amount of 
fused salt 
Temperature 400° C. 410° C. 400° C. 
of 
thermostat 
H25 gas feed 20~30 20~30 20~30 
rate cm°/min cm°/min cm°/min 
Method of Gas Gas Detection Gas 
analysis of chromato- chromato- tube and chromato 
collected graphy graphy combustible graphy 
gas gas detector 
Results of N20 N20 NO2 330 ppm H25 
analysis of CO2 CO2 NO 170 ppm 
collected H20 H20 SO2 50 ppm 
gas Combustible 

gas 0.7% 
Remarks A large A large The 

amount of amount of N20 concentration 
N20 gas Was gas Was of H25 gas Was 
generated. generated. beloW the 
Heat Was Heat Was detection 

generated by generated by limit (0.1 
the mixing. the mixing. ppm or less). 

Heat Was 

generated by 
the mixing. 

[0061] As shoWn in Table 2, only the H25 gas Was detected 
in Test 6 (wherein the fused salt Was not used) Which Was 
conducted as a comparative example. In turn, the gases such 
as N20, CO2, H2O, N02, NO, SO2 and the like Were 
detected in Tests 3 to 5. Especially, from the fact that large 
amounts of the nitrogen oxide gases (N20 gas, NO2 gas and 
NO gas) Were generated, it Was Found that the nitrogen 
oxide gases Would be effectively used as subjects for the 
detection of leakage in the process using the fused salt 
containing NaNO2 and the process ?uid containing HZS. 

Reference Example 3 

[0062] Reference Example 3 Was conducted under an 
assumption that the process ?uid containing methyl mer 
captane gas leaked to be mixed With the fused salt containing 
NaNO2, and gases, Which Were generated by the mixing, 
Were evaluated. 

[0063] FIG. 6 is a schematic diagram shoWing the Whole 
scheme of the testing apparatus. 

[0064] As shoWn in FIG. 6, a glass sample container 62 
for estimating a risk of the mixing of the fused salt contain 
ing NaNO2 and the methylmercaptane gas, a thermocouple 
63 for measuring temperature changes caused by heat gen 
erated by the mixing, a supply pipe 64 for supplying the 
methylmercaptane gas to the sample container 62, are pro 
vided in a thermostat 61. The sample container 62 has a 
collection pipe 65 for collecting the gases generated by the 
mixing. The generated gases Were collected through the 
collection pipe 65 into a Tedler bag 66. 

[0065] The above methyl mercaptane gas Was generated 
by heating a methyl mercaptane solution in a container 74 by 
a silicon oil Which temperature Was adjusted by a thermo 
static circulation bath 75. BetWeen the container 74 and the 
supply pipe 64, there Were disposed a container 68 for 
draining, a valve 69 for adjusting a gas feed rate and a gas 
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?oW meter 70. In the container 68 for draining, a thermo 
couple 71 for measuring temperature of the methyl mercap 
tane gas Was provided. 

[0066] Using the above-described testing apparatus, the 
tests Were conducted by the following procedure. 

[0067] (1) The fused salt (NaNO2: 40 Wt %, NaNO3: 
7 Wt %, KNO3: 53 Wt %) Was pulveriZed and charged 
into the sample container 62. 

[0068] (2) The sample container 62 Was placed inside 
the thermostat 61 to be heated to a predetermined 
temperature. 

[0069] (3) Nitrogen gas 103 for purging Was supplied 
to the thermostat 61 to achieve a nitrogen gas atmo 
sphere inside the thermostat 61. 

[0070] (4) After the temperature of the fused salt had 
reached a predetermined temperature, a substitution 
by nitrogen gas 104 Was performed in a line (from a 
pipe 72 to a pipe 73) through Which the methyl 
mercaptane gas passes. 

[0071] (5) The methyl mercaptane gas Was supplied 
to the sample container 62 at a predetermined feed 
rate. 

[0072] (6) Gases generated by the methyl mercaptane 
supply Were collected into the Tedler bag 66 for a 
predetermined period of time. 

[0073] Results of the tests are shoWn in Table 3. 

TABLE 3 

Test 7 Test 8 Test 9 

Charging 6 g 10 g 0 
amount of 
fused salt 
Temperature 420° C. 420° C. 
of 
thermostat 
Methyl- 20~100 20~100 
mercaptane cm3/min cm3/min 
gas feed 
rate 

Method of Gas Gas chroma- Gas 
analysis of chromatography tography, detection chroma 
collected tube and combust- tography 
gas ible gas detector 
Results of Dimethyl The same gases as Dimethyl 
analysis of disul?de, CO2, that of Test 7 Were disul?de, 
collected N20, CS2, dimethyl detected by gas CO2, H25, 
gas sul?de, CH4, H25, chromatography. H2O, methanol, 

ethylene, carbonyl 10 ppm of NO2 Was CS2. 
sul?de, dimethyl detected by the 
trisul?de, S02, analysis using the 
ethane, H2O, detection tube. 
propylene, 7% of a combustible 

isobutene, 1,2- gas Was detected by 
propadiene, the analysis using 
methanol, the combustible gas 

acetonitrile. detector. 
Remarks A large amount of The concentration 

N20 gas Was of NO gas Was 
generated. beloW the detection 

limit of the detec 
tion tube (5 ppm or 

less). 
Heat Was generated 

by the mixing. 

Heat Was generated 
by the mixing. 

[0074] As shoWn in Table 3, in Test 9 Which Was con 
ducted as a comparative example (Wherein the fused salt Was 
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not used), only dimethyl disul?de, CO2, H25, H20, metha 
nol, CS2 Were detected. In turn, gases such as dimethyl 
disul?de, CO2, N20, CS2, dimethyl sul?de, CH4, HZS, 
ethylene, carbonyl sul?de, dimethyl trisul?de, S02, ethane, 
H2O, propylene, isobutene, 1,2-propadiene, methanol, 
acetonitrile and NO2 Were detected in Tests 7 and 8. Espe 
cially, in vieW of the easiness of detection and amounts of 
the generated gases, it Was found that dimethyl disul?de, 
nitrogen oxide (N02, N20), CS2, CH4 and H25, Would be 
effectively used as subjects for the detection of leakage in 
the process using the fused salt containing NaNO2 and the 
process ?uid containing methyl mercaptane. 

Example 1 

[0075] A removal of heat generated in a reactor Was 
conducted in the same manner as a method shoWn in FIG. 
1. 

[0076] An oxidation reaction of hydrogen chloride Was 
conducted by feeding 150 kg/h of HCl gas and 44 kg/h of O2 
gas to a shell and tube type reactor 1 packed With a 
ruthenium type catalyst. A heating medium comprising 50 
Wt % of NaNO2 and 50 Wt % of NaNO3 and having a 
temperature of 340° C. Was hold in a heating medium tank 
4. A controlled potential electrolysis type NOx meter manu 
factured by NeW Cosmos Co., Ltd. Was provided at a gas 
phase 7 of the heating medium tank 4. After a necessary 
amount of a heating medium for removal of the heat of the 
reaction Was supplied to a cooler 9 by a circulation pump 8 
and cooled to 250° C., the removal of the heat of the reaction 
Was conducted by supplying the cooled heating medium to 
a shell side of the reactor 1. A temperature of a process gas 
in the reactor 1 Was 350° C. and a temperature of a heating 
medium discharged from the shell of the reactor Was 340° C. 
Aprocess gas comprising 23 kg/h of HCl, 124 kg/h of C12, 
16 kg/h of O2 and 31 kg/h of H20 Was discharged from the 
reactor. 

[0077] In this process for exchanging heat, When a process 
?uid leaks to a shell side of the reactor, NOx gas generates 
by the reaction of NaNO2 With HCl and/or C12, and an 
abnormality in this heat exchange process can be promptly 
detected by detecting this NOx gas With a NOx detector 5. 

[0078] According to the method for detecting abnormality 
in a process for exchanging heat betWeen a heating medium 
and a process ?uid of the present invention, a leakage of the 
process ?uid can be promptly detected by detecting a 
gaseous component generated by contact of the heating 
medium With the process ?uid. 

[0079] The invention being thus described, it Will be 
obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the sprit 
and scope of the invention, and such modi?cations as Would 
be obvious to one skilled in the art are intended to be 
included Within the scope of the folloWing claims. 

What is claimed is: 
1. A method for detecting abnormality in a process for 

exchanging heat betWeen a heating medium and a process 
?uid comprising the step of: 

detecting a gaseous component at a gas phase in a ?oW 
path of the heating medium, Wherein the gaseous 
component is generated by contact of the heating 
medium With the process ?uid. 
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2. The method for detecting abnormality in a process for 
exchanging heat according to claim 1, Wherein the heating 
medium is a fused salt containing sodium nitrite, the process 
?uid contains at least one compound selected from the group 
consisting of chlorine, hydrogen chloride, hydrogen sul?de 
and methyl mercaptan, and the gaseous component gener 
ated is nitrogen oxide or a combustible gas. 

3. The method for detecting abnormality in a process for 
exchanging heat according to claim 2, Wherein the fused salt 
contains about 20 to about 90 Wt % of sodium nitrite and has 
a melting point of about 100 to about 200° C. 

4. The method for detecting abnormality in a process for 
exchanging heat according to claim 1, Wherein the gaseous 
component generated is nitrogen oxide and is detected by a 
controlled potential electrolysis type NOx detector. 

5. A device for detecting abnormality in a process for 
exchanging heat betWeen a heating medium and a process 
?uid comprising: 

a heat exchanger; 

a heating medium tank; 

a pump and pipes for circulating the heating medium 
betWeen the heat exchanger and the heating medium 
tank; 
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a gas detector provided at a gas phase in a ?oW path of the 
heating medium for detecting a gaseous component 
generated by contact of the heating medium With the 
process ?uid leaked into the ?oW path of the heating 
medium. 

6. The device for detecting abnormality in a process for 
exchanging heat according to claim 5, Wherein the heating 
medium is a fused salt containing sodium nitrite, the process 
?uid contains at least one compound selected from the group 
consisting of chlorine, hydrogen chloride, hydrogen sul?de 
and methyl mercaptan, and the gaseous component gener 
ated is nitrogen oxide or combustible gas. 

7. The device for detecting abnormality in a process for 
exchanging heat according to claim 6, Wherein the fused salt 
contains about 20 to about 90 Wt % sodium nitrite and has 
a melting point of about 100 to about 200° C. 

8. The device for detecting abnormality in a process for 
exchanging heat according to claim 5, Wherein the gaseous 
component generated is nitrogen oxide and is detected by a 
controlled potential electrolysis type NOx detector. 


