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3,037,064 
DBETECTEON OF REAT EXCHANGER LEAKS 

Jay S. Curtice, Chicago, Adolph H. Snow, Matteson, and 
RLloyd A. Baiilie, Park Forest, El, assignors, by mesne as 
signments, to Sinciair Research, inc., New York, N.Y., 
a corporation of Delaware 

Filed June 27, 1960, Ser. No. 38,991 
3 Claints. (C. 250-166) 

This invention relates to a method for detecting and, 
if desired measuring, leaks in process equipment such as 
feed-effluent heat exchangers. 

Feed-product heat exchangers are commonly employed 
in petroleum refining processes as, for example, in reform 
ing, cracking, hydrogenation or other refining methods 
employing elevated temperatures, i.e. generally from about 
200 to 1000° F., usually more than about 500 ° F. In 
these processes the feed and effluent product enter a heat 
exchanger wherein they are kept separate so as to prevent 
commingling of the feed with the product. In the heat 
exchanger, the feed material by indirect heat exchange 
absorbs part of the heat energy contained in the effluent 
product. It is not uncommon in such systems to have 
a leak develop in the means separating the feed from the 
product in the heat exchanger, i.e. generally a metallic 
means such as plates, tubes, coils, etc. which leak, in addi 
tion to creating feed and/or product loss or misdirection, 
often necessitates an interruption of the operation for re 
palrs. 
We have now found that leaks in feed-effluent heat ex 

changers can be positively detected and measured by the 
method of this invention. The present invention com 
prises injecting a suitable radioactive tracer compound 
into a feed-stock and taking a sample of the reaction prod 
uct effluent which has left the heat exchanger. The radio 
active tracer compound must be one which is chemically 
converted by the action of the reaction or reactors pro 
vided in the flow system between the respective feed and 
effiuent sides of a feed-effluent heat exchanger, to tracer 
labelled products which can be separated from any orig 
inal unconverted tracer bypassing the reactor through an 
exchanger leak. Thus, detection of unconverted radio 
active tracer in the product effiuent leaving the heat ex 
changer means that there must be a leak in the feed 
effluent heat exchanger, allowing feed material to flow 
into the efiluent stream without entering the reactor or re 
actors. It is to be understood that the method of the 
present invention is applicable to any process where a 
feed-effluent heat exchanger is employed as, for example, 
in reforming, catalytic or thermal cracking, hydrogena 
tion, desulfurization processes or other refining or petro 
chemical processes. 

It is evident, therefore, that the radioactive tracer of 
the present invention is of the type that is converted under 
reactor conditions. It is also important that the radio 
active tracer be relatively thermally stable, and relatively 
non-active with exchanger surfaces under the heat ex 
changer conditions of elevated temperature such as about 
200° to 1000° F., preferably above 500° F. The ideal 
case is where you get essentially no conversion of the 
radioactive tracer in the heat exchanger and substantially 
complete conversion in the reactor. In actual operation, 
the ideal case is difficult to achieve. Practically speak 
ing, therefore, generally at least about 50% of the radio 
active tracer should be unconverted in the heat ex 
changer, preferably about at least about 90% unconverted, 
and at least about 90% of the tracer should be converted 
in the reactor, preferably at least about 99%. Where 
there is, for instance, unconverted tracer material present 
in the stream passing to the product side of the heat eX 
changer, the leak can be shown by the change in the 
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2 
amount of this tracer component in the product upon 
passing through the heat exchanger, i.e. due to the leak 
more unconverted tracer material is in the product from 
the heat exchanger than was in the product passing to 
the heat exchanger. 
A particularly suitable radioactive tracer in octane 

enhancing naphtha reforming systems is tritiated anisole, 
such as 4-H3-anisole or 1-methoxy-4H3-benzene. Trit 
iated anisole can easily be prepared by the hydrolysis of 
p-anisylmagnesium bromide with high specific activity trit 
ium water. This tracer compound has been found to be 
essentially completely converted under the reaction condi 
tions used for example in typical platinum-alumina cat 
alyst reforming operations and does not decompose sig 
nificantly in the heat exchangers employed in such syS 
tems. The products of conversion can be separated from 
any leaked anisole by any suitable separation method such 
as chromatography. Another suitable tracer in reforn 
ing systems is radio-labeled ethyl cyclohexane which dur 
ing the reforming operation is converted to ethyl benzene 
and other materials readily separable, e.g. by distillation, 
from any tagged ethylcyclohexane in the product as the 
result of a heat exchanger leak. Examples of other 
tracers that may be employed, for instance, in desulfuriza 
tion and hydrogenation systems are radioactive olefins. 
During hydrogenation or desulfurization the olefins are 
converted to paraffins, thus detection of labelled olefin 
in a product leaving the heat exchanger indicates a leak. 
Any means known to the art may be employed to sep 
arate the converted from the unconverted tracer as, for 
instance, by chromatography, chemical separation meth 
ods or distillation. 
Although reactor conditions may vary depending on 

the system or process employed they must be such, as 
aforementioned, as to convert the tracer utilized. The 
reaction temperatures may be up to about 1000* F. or 
more, usually more than about 600* F. Catalyzed re 
action systems may convert the tracer even at tempera 
tures lower than 600 ° F. By way of illustration, in re 
forming the reactor conditions generally fail within the 
following ranges: temperatures, between about 850 to 
975 ° F: pressures, between about 100 to 1000 p.s.i.g.; 
weight hourly space velocity, about 1 to 8; hydrogen re 
cycle, about 500 to 5000 standard cubic feet per barrel of 
feed. Preheaters are often used in reforning systems 
before each reactor to provide the reactor or reactors 
with hydrocarbon of temperatures that may vary between 
about 850° F. to 975° F. Desulfurization and hydro 
genation operations generally employ the following condi 
tions: temperatures, between about 500 to 800° F.; pres 
sure, about 200 to 800 p.s.i.g. and the reaction is carried 
out in the presence of a suitable catalyst. The conversion 
zone in the above processes as well as other processes can 
constitute a single reactor or multiple reactors. The in 
vention will be best understood by the following ex 
amples with reference to the accompanying drawing (FIG. 
1 ). 
FIGURE 1 is a fluid circuit diagram of a feed-effluent 

heat exchanger system in accordance with the present 
invention. 
FIGURES 2 and 3 are graphs representing tracer ac 

tivity-time patterns in accordance with the invention. 
Example I 

About one-half curie of tritiated anisole is dissolved 
in 100 ml. of straight-run naphtha (reformer feed) 
and injected at a suitable point in the feed line 1, as for 
example, the feed pump inlet line. The amount of tracer 
used depends on the volume of the system involved. 
Any injection system known to be suitable for radio 

active tracer injection can be employed. A particularly 
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time pattern of analyzed samples taken at D, the leaked 
material will show up as a first or “leak” peak. The 
tagged material causing this leak will have a boiling point 
near the boiling point of ethylcyclohexane. Since this 
material does not appear in samples taken before the 
heat exchangers, i.e. point C, but is apparent in samples 
obtained after the heat exchangers, the source of this 
ethylcyclohexane is a leak in the heat exchangers. The 
extent of the leak can be determined as in Example I. 

Example III 
About one-half curie of tritiated hexene-1 is dissolved 

in 100 ml. of a 950° F. minus liquid fraction derived 
from hydrocracking of a Mid-Continent residual oil and 
injected into the feedline of a hydrodesulfurization unit. 
The feed together with the tagged hexene-1 is pumped 
through the heat exchanger provided the unit and then 
into the hydrodesulfurization zone. The hydrodesul 
furization reaction conditions are as follows: tempera 
ture, about 650° F.; pressure, about 250 to 300 p.s.i.g.; 
weight hourly velocity, 5; hydrogen to hydrocarbon mole 
ratio, about 1000 standard cubic feet per barrel of feed. 
A suitable catalyst such as cobalt-molybdena-alumina 
is employed in the desulfurization Zone. Under these 
conditions the tagged hexene-1 will be converted to tagged 
hexanes and other materials in the reaction zone. Any 
hexene-1 leaking from the feed to the product side of the 
heat exchanger will not be converted. The desulfurized 
product is then passed back through the heat exchanger. 
100 ml. samples are taken both after the reactor but be 
fore the heat exchanger and after the heat exchanger. 
If the sample taken after the reactor but before the heat 
exchanger contains no tritrated hexene-1 but the sample 
taken after the heat exchangers contains hexene-1, a leak 
is present in the heat exchanger. The samples are ana 
lyzed by separating the hexene-1 from the paraffins, for 
instance, by chromatography and measuring the radio 
activity by use of a suitable counter. The extent of the 
leak can be determined as in Example I. 

It is claimed: 
1. A method for detecting leaks in feed-effluent heat 

exchangers of a chemical reactor system which comprises 
injecting into a chemical feedstock a radioactive tracer 
capable of being at least about 90% chemically converted 
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6 
under reactor conditions but at least about 50% chemi 
cally unconverted under heat exchanger conditions, pass 
ing said feedstock together with the tracer through suc 
cessively the feed side of the feed-effluent heat exchanger, 
reactor, and the effluent side of said heat exchanger, tak 
ing a sample of said effluent, separating from said Sample 
converted tracer, and detecting the radioactivity of the 
remaining sample. 

2. A method for detecting leaks in feed-effluent heat 
exchangers of a naphtha reforming system which com 
prises injecting into the reformer feedstock a radioactive 
tracer capable of being at least about 99% chemically 
converted under reforming conditions but at least about 
90% chemically unconverted under heat exchanger con 
ditions, passing said feedstock together with the tracer 
through successively the feed side of a feed-effluent heat 
exchanger, and a reactor containing reforming catalyst 
and operating at a temperature of about 850 to 975° F. 
and a pressure of about 100-1000 p.s.i.g., to produce 
higher octane reformate, passing the reformate back 
through the effluent side of said heat exchanger, taking 
a sample of said reformate, measuring its radioactive 
content, separating from said sample converted tracer 
and measuring the radioactive content of the remaining 
sample. 

3. The method of claim 2 wherein the tracer is trit 
iated anisole. 
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