A MECHANI CAL OSCI LLATOR ACTI VATED OR DEACTI VATED BY A
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WO 0@31566The present invention relates to the deRCEUE1008007443
and neasurenent of corrosive or foreign materials. The
invention may be applied gengqrally to the detection of
netal -1 oss by corrosion and/ or erosion species in
single or nultiphase fluids. In particular, the
present invention relates to the on-stream detection
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contam nants in an industrial process stream The
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hydr ocar bon, chemcal, or a conbination thereof.
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degradation may also occur which do not result in metal loss but which
nonetheless affect the integrity of the material of construction. Erosive species
typically involve fluid and/or solids turbulence causing metal loss from

- mechanical actions rather than chemical. For example, these corrosive/erosive
speciés may be hydrocarbon, hydrocarbon containing materials, or aqueous, or
combinations thereof. Moreover, streams may be single or multi-phase (solids,
liquids, gases). The device of the instant invention can be used to generate an
alarm based on remaining metal thickness or mechanical integrity of pressure a

boundary thereby enabling maintenance scheduling. -

[0003] A high performance, relatively low-cost detection of a
predetermined amount of material loss or material degradation, as in the instant
invention, would enable, for example, optimization utilization of corrosive

crudes and corrosion inhibitor additions, and reductions in unplanned capacity



i nvention, would enable, for exanple, optimzation
utilization of corrosive crudes and corrosion
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capacityloss, turnaround tine, and inspection costs
due to corrosion-induced equhpnent failures. For
exanpl e, the instant invention would provide a direct,
| ow cost al arm when the corrosion all owance of the
process contai nment has been expended. Additional .
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provide a quantitative indication of material lost from corrosion/erosion. While
conventional electrical resistance probes are based on understood theoretical
principles, these probes often provide low reliability and poor senéitivity to
corrosion rates due to limitations in their design and manufacture. The typical
output is often difficult for estimating a quantitative corrosion rate. Another
technology that may be used for this application for the material loss application
is known as the corrosion the coupon. In this case, a coupon fabricated from the
material of interest is inserted into the process stream. At a predetermined time,
it is removed and examined and/or weighed to assess the amount of material that

has been lost. A significant drawback of this approach is the safety implication



is known as the corrosion the coupon. In this case, a
coupon fabricated fromthe material of interest is
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time, it is renoved and exam ned and/ or wei ghed to
assess the anount of materiak _that has been lost. A
significant drawback of this approach is the safety
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be immobilized by a fusing link.

[0006] The focus of US 6,928,877and 2006/0037399 is to provide a
quantitative estimate of mass loss or deposition. Esséntially, both provide an
alarming function. The instant invention also provides an alarming function.
Unlike the prior art where it is difficult to calibrate and predetermine the range
for the alarm trigger, the instant invention has no such ambiguity. Once the
fusing element is removed or broken, the instant invention goes into alarm mode.
It is not necessary to estimate a range over which this alarm mode may initiate
because the precise dimensions of the fused-element are known at the time of
fabrication. In 2006/0037399 one approach to alarming is achieved by

fabricating a hollow resonator. Then depending on the service, the alarming is



for the alarmtrigger, the instant invention has no
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typically the most reliable inspection methods are scheduled on a periodic basis.

The instant invention provides an on-stream continuous monitoring method to
assess if a pre-established condition has been reached. This pre-established
condition might necessitate a full on-stream inspection, process changes, a
process shutdown to perform maintenance, etc. In some embodiments, the
invention may be used to detect a pre-determined amount of material loss and in
other embodiments the invention can detect unwanted contaminants in an
industrial process stream. The actual service environment may be aqueous,
hydrocarbon, chemical, or a combination. In another embodiment, the invention

may be used to detect damage that affects the integrity of a material due to a
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[0009] There are several embodiments to the present invention. In some
embodiments, the oscillator changes from vibrating at or near resonance
frequency to essentially vibrating with zero amplitude. In other embodiments,
this change may be from zero amplitude to resonance amplitude. This change in
the oscillation is caused by a reaction of a fusing element of the instant invention
with its environment. Depending on the particular application, the fusing
element may be metallic or non-metallic. In all cases, the amplitude of
oscillation changes dramatically from essentially zero to resonance or resonance

to essentially zero. An advantage of all these embodiments is that the alarm



enbodi nents, the oscillator changes fromvibrating at

or near resonance frequency to essentially vibrating
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may be from zero anplitude to resonance anplitude.

This change in the oscillatign is caused by a reaction
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t
[0043] i s Figyreils ilustrates ancempodimertanplyingisofusing «Hgmeaf that is

.a tuninag. fork yvi t. [0 Figure 2b
rigjely B BitsBs e PR s o) ym P PR o mesldment
i mmobilizing the tines that is attached to both tines
[06d2] t urFigyrd 2b Klwstmtesare pmbpdimentrappdyiagentigid €16m8ht
. Figure 3a shows the result usi ng1 a netallic el enent
imippbilizing thy nes that israttached &o bath tingsof a yryng forkyvia an epoxy
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%Eat nﬂgy swell (or shrink) to enable (or disable) the
0 HEh<®f tines. In the unexposed case, the fusing

el ement prevents notion of the tines. [0016] Figure 5
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el enen
connector is attached to the tines by epoxy which is the fusing component.

[0015] Figure 4 illustrates an embodiment applying a fusing element that
may swell (or shrink) to enable (or disable) the motion of tines. In the unexposed

case, the fusing element prevents motion of the tines.

[0016] Figure 5 illustrates an embodiment applying a damping fuse element
that is held in contact with (or away from) the tines via a bellows arrangement.
Changes in pressure can cause the damping material to move away from (or in

contact with) the tines permitting oscillation.

[0017] Figure 6 shows the deposition of the fuse material at the tip of the

r(_)d oscillator B.



that is held in contact with (or away fron) the tines
via a bellows arrangenent. Changes in pressure can
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contact with) the tines permtting oscillation. [0017]
Figure 6 shows the depositiom of the fuse material at
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OF THE PREFERRED EMBODI MENTS [0018] This invention is

directed to commercial tuning fork technol ogy. As
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measurement to compensate for changes in mechanical properties. Moreover, in
these commercial systems, the material used for the oscillator is compatible (e.g.

non-corrosive) with the process fluid in the intended application.

[0019] The present invention uses the changes in the tuning fork resonance
parameters caused by a corrosion/erosion mass loss. In the prior art, gradual
changes of resonance parameters to measure material loss and/or the material
loss rate are considered. In contrast, the instant invention alarms when a
predetermined measure of material is lost. Although cited prior art also claims
to alarm at certain levels of material loss, the accuracy of the alarming parameter
is compromised by changes to the resonance conditions caused by variations in

temperature, viscosity, and density of the service fluid. In cases where both



paranmeters caused by a corrosion/erosion mass loss. In

the prior art, gradual changes of resonance paraneters
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are considered. In contrast, the instant invention
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frommaterials that are conpatible with the service
elemgntis fabricated from materials that are not compatible (will corrode, erode
or otherwise react) with the service fluid. The tines and the diaphragm shown in
Figure 1 are fabricated from materials that are compatible with the service fluid.

Typically, only the fusing element is not compatible with the service fluid.

EMBODIMENT WHERE THE FUSING ELEMENT IS RIGID

[0021] In this embodiment, the fuse element is comprised of a
substantially rigid element [50]. In this embodiment, a link rigidly connects the
tips of the two tines [40] (Figure 2a and Figure 2b). In Figure 2a, the link is
consumable and is welded to the tines. In Figure 2b, the link is not consumable.
The Figure 2b link is attached to the tines by epoxy, the consumable (fusing)

material. This rigid link in both cases prevents oscillation of the tines. The fuse



Typically, only the fusing element is not conpatible

with the service fluid. EMBODI MENT WHERE THE FUSI NG
WERERENEIT S RIG D [0021] In this enbodi nent, tPET/Usx68/007443

el ement is conprised of a substantially rigid el enent

[50]. In this enbodinment, a_bi_nk rigidly connects the

tips of the two tines [40] (Figure 2a and Figure 2b).
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The tuning fork used for the data collection of Figure 3a was driven at its

~ resonance frequency by a piezoceramic element. The output of the fork was
monitored using the same piezoceramic element in transceive mode. As shown in
the figure, there is no significant amplitude until approximately 80,000 seconds of
acid exposure have elapsed. Concurrent visual monitoring of the fusing element
confirmed that the change in amplitude did correspond to the physical break of
the fuse.

[0023] A few example applications are provided in the refining process
industry. Fluidized catalytic cracking units employ solid catalyst particles to
promote the reaction. During upset conditions, these solids may be inadvertently

carried over to an improper process stream. This inadvertent carry-over may
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desirable to fabricate the fusing element froma nore
matsriad thapthe contaipment material. However, the fusing element is not so
robust as to resist corrosion at a desired concentration level. As an example, if
the process containment material were carbon steel, the fusing element could be
stainless steel. In this case, the fusing element would not corrode under normal
operation with a low level of corrosion. However, it would be susceptible to an

increase of chloride concentration.

[0025] Figure 3b provides an example using the tuning fork described in
Figure 2b. The example of Figure 3b uses a rigid connecting element [50]
fabricated from a carbon steel wire attached to the tines by epoxy [70]. In this
example, the epoxy is the consumable fusing element. The corrosive fluid, a
solvent, can attack the epoxy but not the carbon steel wire nor the stainless steel

tines. As shown in Figure 3b, the amplitude of the resonator increases after
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element can also be fabricated so that it breaks above a pre-specified
concentration. As an example, a polystyrene fusing element could be put into an

aqueous stream to detect the presence of an aromatic solvent such as toluene.

EMBODIMENT WHERE THE FUSING ELEMENT EMPLOYS A MATERIAL
THAT MAY SHRINK OR EXPAND

[0028] In another highly preferred embodiment, a fusing element [80] is
employed that may swell (or shrink) to enable (or disable) the motion of tines.
The fusing element is positioned by supporting structure [90]. This embodiment,
shown in Figure 4, is particularly attractive for applications where it is desired to
detect a low concentration of a contamination fluid in a process stream. The rigid

supports [90] are attached to the area supporting the diaphragm. For example,



[0027] A fusing elenment that attaches the rigid bar to
the tines can be nade to be specific for a particul ar
W@ 200825697 wat er, or hydrocarbon material. The PCUEUSIP08/007443
el ement can al so be fabricated so that it breaks above
a pre-specified concentratiopm _As an exanple, a
pol ystyrene fusing el enent could be put into an
aqueous streamto detect the presence of an aromatic
sol vent such as_tol uene. EMBODI MENT WHERE THE FUSI NG
i i vafton weTwricsias tharonking Suid ka chelbxpdtibe heat

ingdu T QYIS
028] In.angt her hi.ghl referred,enbodi neng ,.

exchenty. ot eheren Veo] SPSrabiE i BikPndFieRby DEAGh in fag boundary

| ; .
S5 LONEAEU S ola B IABLEN AR, AR Bhehd 1 penciraion
ofproeessiflgid tdthe coblifig SHietedRBS thespidtBss fluid eWesthe, | s

particularly attractive for applications where it is

calgsmimaht: Bydsalectinga fusing etameentrthat expantls avhen exposed to

contaminatjon fluid jn a process stream The ri
hgcfrsaﬁbpg ‘y@bﬁheaqssﬂgwtmctﬁe@% yhendhg fuging &gemmi tﬁggb%ethe
ti&%aphragm For exanpl e,industrial processes often use
Yer as the cooling fluid in a shell and tube heat
exchanger. It is often very desirable to quickly
[0820%ct dntonsacdnfiguratien.itbadusing dlememtedpeasmot ¢ntstfiengywith the

wat er and the process flujd. . In this, exanple, the
motiqaafdhe Haes Pd@@§§0$q<iﬁ°dth@&0m?énwaar-Hﬁgos;ba?té?n of the

e AR 68 0k b IR SR KR Bbptac wit

theQirfe¥ JARF preRentink ImotidiLo P tindt iTAMk §e%a§dt@ Rontigirdtion, the
fusing elenent touches the tines. [0029] In oné

fusiongf ¢lgmeat isam, ditdod chnkichyith thedirtesguesenimg theireanbor when
with the notion of the_tines when unexposed to the .

URSKPORSH Hathe conammngt IfFodictionoligs caniaminanteanses the fusing

cliiink Y ety R phdy TRERARS R metREY Pabiihe ting motion.
Thé 888cteli RoRfiBAPAGH Wil Befdiegﬁ%&étdt on'the alAisibe n%ﬁgﬂg]gtfor

Is in direct contact wth I nes preventing their
shrivikiiog onbwallingewiththel contanfiaanpadssraretfluitds of atterdst.orFor

of the contam nant causes the fusing ) o
example, a silicone-based polymer will have considerable swelling for aviation

grade kerosene but very little swelling for a heavier fuel oil.

EMBODIMENT USING A DAMPING FUSE ELEMENT AND A BELLOWS

[0030] In another preferred embodiment, a fusing element is attached to a
bellows. The bellows may compress or expand depending upon the pressure of
the process fluid. As depicted in Figure 5, a damping material [100] is attached
to the bellows [110]. Depending upon the pressure, the amount of bellows
compression will change. The damping material moves with changes in the
amount of beliows compression. When the compression is such that the
damping material is in contact with the tines, the tine motion will be disabled. A

suitable change in pressure and the bellows compression will move the damping
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from a material that is compatible with the service fluid. The mass and thickness

of the fusing material is known and/or measured after the deposition. Likewise,
the resonance parameters (frequency, amplitude, and Q) are measured before and
after the application of the fuse material. The device goes into alarm mode when
the resonance parameters change a prescribed amount corresponding to the
removal of a substantial amount of the fusing material. The sensitivity or the
alarming threshold can be adjusted by the amount of fuse deposition: reducing

the amount of deposition increases the threshold sensitivity because there is less
material to be removed. An example of this embodiment is the fabrication of a
hydrogen fluoride (HF) detector. By using glass as the fuse deposition material,
the sensor will alarm when a pre-specified amount of glass is dissolved by the

presence of HF. In contrast to thin film glass etching HF sensors which cannot
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the tuning fork device of Figure 6. The el ectronics
can be set to trigger the alarmnode for a
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anpl i tude, frequency, and/or Q CLAIMS: 1. A sensor to
detect the presence of a speggfied condition in a
medi um conprising (a) a nechanical oscillator having
an anplitude and a resonance frequency, (b) a fuse
fixed to said oscillator wherein the presence of the
CEpdMS:i ed condition will cause the fuse to change the
anplitude of said oscillator to or fromthe anplitude
al the 1 CRARANGE L dREUIRE Yresencd BF p 3pB8iTHed Yok TIn'a

wherei n sa condi ti1on causes t e to change the

mediim tof®rising he anplitude at resonance frequency. 3.
The sensor of claim1l wherein said condition causes
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claim1 whereg ]§a.1'c mechani cal oscillator is a tuning
fork having a g(flap Aagm and tines. 5. The sensor of
claim4 wherein said fuse.is a _nenber that connects
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tuning fork b upports to the diaphragmto

al I ow noti on efohdiretfidiprenc®. The sensor of claim7
wherein said supports include expandabl e nenbers. 9.
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contra
change the amplitude to the amplitude at resonance frequency.

3. The sensor of claim 1 wherein said condition causes the fuse to

change the amplitude away from the amplitude at the resonance frequency.

4. The sensor of claim 1 wherein said mechanical oscillator is a

tuning fork having a diaphragm and tines.

5. The sensor of claim 4 wherein said fuse is a member that connects

the tines.

6. The sensor of claim 4 wherein said fuse is fixed to said tuning fork

by supports fixed to the diaphragm to prevent motion of the tines.

7. The sensor of claim 4 wherein said fuse is fixed to said tuning fork

by supports fixed to the diaphragm to allow motion of the tines.

8. The sensor of claim 7 wherein said supports include expandable

members.



menbers 10. The sensor of claim4 wherein the fusing
element is a material deposited at an end of the
W0 20weds566971. The sensor of cl ai m lwherein the speriU$1008007443
condition is a corrosive material in said nmedium 12.
The sensor of claim1l whereijigthe specified condition
is a foreign material in saii(;bmedi um 13. The sensor
of claim1l wherein the specified condition is an
erosive nedium 14. The sensor of claim5 wherein said
tines & eThedensor@fslainsé svhereid. saithsuppartoinchidecqantractble
V\,h%r&ei n said tines are under tension. 16. The sensor
mMgMOBErHi m 1 wherein the specified condition is
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speci fi con ressur sensor
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the necqa%eaéenség{ SPgltah qf rf?‘,leelIl ] spec1ﬁe<?conc]’1tlon 1S a

corrosive material in said medium.

12. The sensor of claim 1 wherein the specified condition is a foreign

material in said medium.

13. The sensor of claim 1 wherein the specified condition is an

erosive medium.
14. The sensor of claim 5 wherein said tines are under compression.
15. The sensor of claim 5 wherein said tines are under tension.

16. The sensor of claim 1 wherein the specified condition is

temperature.
17. The sensor of claim 1 wherein the specified condition is pressure.

18. The sensor of claim 11 wherein the specified condition is a
corrosive material in said medium causing a change in the mechanical strength

of the fuse in claim 1.



