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chemicals are added to the processes at concentrations ranging from parts-per-billion

to percent levels. The treatment dosage is often determined by monitoring changes in
process parameters that correspond to the addition of the specialty chemical over time.
Optimally, those skilled in the art desire to relate dosage to changes in the process
fluids. However, the means for determining dosage is often very time consuming as
vital process parameters will many times only change meaningfully over a very long
time period. For some processes, the appropriate determination of the correct
specialty chemical dosage can take several months. Once established, these dosages
are set to a static value. The dosage does not increase or decrease as the fouling,
corrosion, or foaming rate, for example, changes over time. This results many times
in the addition of a wasteful excess of specialty chemical or worse, undertreatment
with the specialty chemical.

Examples of methods used to control the addition of specialty chemicals
include the use of coupon analyses, off-line residual product testing, residual polymer
testing, on-line pH monitors, conductivity monitors, and the like. However, these
methods, and many others that have beeﬁ utilized to monitor performance and control
dosage are typically slow and not indicative of real-time changes in the process.
Residual testing, for example, typicailly involves removing a sample fluid from the
process and subjecting the sample for analyses at some site away from the process.

Also, in the case of on-line meters like pH probes and conductivity meters, the
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quartz crystal mideephbe sceracconulationad massireh/pn theasystal surfaee.ihile sdccessful
in measuring the mass of deposits of hard, crystalline scale or foulant, we have found
that traditional quartz crystal microbalance units are an unreliable indicator of many
types of phenomena that occur in both aqueous and non-aqueous systems. In the first
place, traditional quartz crystal microbalances do not accurately measure the mass of
amorphous deposits formed from, for instance, biofouling, or the deposits of
amorphous hydrocarbons on the surfaces of processing units or the like. Relying on
traditional quartz crystal microbalances for these types of measurements produces
inaccurate and unreliable data that cannot be used to control the feed of chemical used
to correct a condition that is being measured.

Examples of the use of typical quartz crystal microbalances for the

measurement of crystalline scale formation in aqueous systems is found in co-pending
United States Patent Application, Serial Number 08/421,206 filed April 13, 1995, the
disclosure of which is hereinafter incorporated by reference into this specification.
While the device and methods described in serial number 421,206 operates accurately,
and gives excellent control when only crystalline scale is formed in a system, we have
found that this device does not work in systems where amorphous, or combinations of
amorphous and crystalline scale may form. Further, devices such as that described in

serial number 421,206 cannot be used to sense changes that occur in a fluid, such as a
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‘viscosity, and/ Obe m&%&x%ﬁ%%ﬁ% over time, that can be used to control the
addition of treatment chemicals and process variables in the system. By the use of the
thickness-shear mode resonator device, the processing of crude oils and chemicals can
be greatly improved by the proper and timely addition of antifoulants, by improved
emulsion breaking in both waste water treatment and crude oil demulsification as well
as breaking emulsions formed in the processing of crude oil (e.g., desalting,
demulsification, and certain emulsions that are formed in the processing of
hydrocarbons, for instance in ethylene furnace quench towers), by the proper addition
of dispersants or other additives to hydrocarbons, and by the addition of finished
product biocide control chemicals or stabilizers. Likewise, the thickness-shear mode
resonator devices may be used in aqueous systems to measure the growth and/or
deposit of biological, inorganic, or organic scales, or the devices may be utilized to
measure the rate at which corrosion is occurring in either an aqueous or a hydrocarbon
system. Additional uses of the thickness-shear mode resonator devices are disclosed
hereinafter.

Background
Quartz crystal microbalances, also sometimes called piezoelectric sensors,

have been suggested for measuring the mass of matter depositing from a fluid
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measuring the vi §ostaltThinis bscausethe dgvieas gelied oplyiuppaimeasuging shifts iqresopantwhi ch
frequency. Therefore, these sensors would be useless as a means to control the
addition of treatment chemicals like biocides and antipolymerants.

Thickness-shear mode resonators useful in the practice of this invention are
known to those in the art. A particularly useful thickness-shear mode resonator is
disclosed in Granstaff et. al U.S. Patent 5,201,215 the disclosure of which is
hereinafter incorporated by reference into this specification. This device is able to
determine the density-viscosity product of a given fluid. It should be pointed out that
the quartz crystal portion of this thickness-shear mode resonator is substantially
identical to the quartz crystal microbalances of the prior art. It is the manner in which
the signal is processed which renders the use of the Granstaff thickness-shear mode
resonators unique, and which allows these thickness-shear mode resonators to do what
typical quartz crystal microbalances cannot do. What differentiates the thickness-
shear mode resonators useful in this invention from quartz crystal microbalances
which cannot be utilized to measure the density-viscosity of a given fluid is the
oscillator circuitry. The oscillator circuitry of the device described in Granstaff ‘215
provides not only a measure of resonant frequency, but also a measure of changes in
resonant frequency amplitude which is sensitive to the physical properties of the fluid
medium in which the crystal is immersed.

A second type of thickness-shear mode resonator which is useful in the
practice of this invention is disclosed by S. J. Martin et al. in Sensors and Actuators A
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magnitude to obtain a surface mass density and a fluid viscosity-density product.
Alternatively, and as also taught by Granstaff, an oscillating electric field may be

applied across the thickness of a quartz crystal microbalance, sweeping a frequency
over a range that spans at least one resonant frequency of the crystal, measuring the
magnitude and phase of the admittance over the frequency range, correlating the
admittance data to the frequency, and applying admittance/frequency correlation to an
equivalent circuit model, contacting a solid mass and/or a fluid onto the crystal
wherein the solid mass is interposed between the crystal and the fluid, repeating the
steps of sweeping the frequency range that spans a resonant frequency, measuring the
magnitude and phase of the admittance over that frequency range, and correlating the
admittance data to the frequency and then applying the admittance/frequency
correlation to the equivalent circuit model and then extracting the solid mass and fluid
density-viscosity product from the correlated admittance/frequency data.

While Granstaff et al. discloses that the mass layer may be metals, metal
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hydrocarbon processing and water treatment processes.

It is a still further embodiment of this invention to provide to the art an
accurate and real-time method for the control of the feed of condition correcting
chemical additives into hydrocarbon processing and water treatment processes.

Additional embodiments of this invention will appear hereinafter.

The Invention

The basic method of this invention involves the use of the thickness-shear
mode resonator device, installing such device in a location where the quartz crystal
surface of the device can be in contact with a fluid which as used herein may be a
liquid or vapor (gas), measuring both a mass and a fluid viscosity-density output,
determining the condition of the system, and adding treatment chemical, or taking
such other corrective action as the mass and fluid viscosity-density outputs dictate.

The thickness-shear mode device may be installed on the surface of a container for
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processi ng and WaleRimihitethi oTfanie fodlfig88 corrosion in hydrocarbon processes, and
determination of the rate of break of both water-in-oil and oil-in-water emulsions, the

determination of fluid characteristics such as viscosity, density, percent solids, and the
like, the amount of sedimentation occurring in a tank or vessel and the rate at which
such sedimentation occurs. - As stated, these are only some of the applications of the
invention in the fields of water treatment and hydrocarbon processing.

By the use of the term water treatment herein is meant the prevention of
inorganic scale, corrosion, and biofouling on the surfaces in contact with a water
supply or industrial water system. The invention as stated above is particularly useful
in the determination of the rate of biological growth occurring in an aqueous system.
Also included in the term water treatment as used herein is the separaﬁon of solids
from fluids, either vapor or liquid, using either chemical and/or mechanical means,
and the separation of oil from water, again, using either chemical and/or physical
means. As used herein the term hydrocarbon processing means the transport of crude
oil by pipeline, rail, barge, or tanker, and the processing of this crude oil into useful
products by various means including desalting processes, distillation, cracking, and
other means to produce salable products, as well as the further treatment of such
hydrocarbon products in the chemical processing industries including the production
of such valuable materials as styrene, butadiene, isoprene, vinyl chloride, ethylene,
propylene, acrylonitrile, acrylic acid, alkyl acrylates, and the resultant polymeric
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aqueous and non- gqueous, syst ens... Anpng t.he pri.nci ple uses f this
i ﬂvent ion are aﬁﬂgﬂ@t%wﬁwsg? a §B‘&|’H¥5',‘é'@§? gB’?F?ﬁ‘,"gﬂ?&E@? U\i‘{ﬁhl"?’hg in
aqueous syst ens, bd Qffrected BirSUgH thedddRidnOF a CRABEAl trehtfichi. TGkeWisk tBO5UbGeEt ON i N

hydrocarbon processes, and determnation of the rate of break of both
wat er - i n-oi | ancingentionsambe wilizedrin detegmine tharate at which emplsions esn erbroken; or

characteristics §Uehhdfon'dfuh Yilulsion il FEAPMY so AGb SR tRFeddils of W IpprDfriate

emulsion breaking (or conversely, if an emulsion is the desired product, an emulsifier)
material. Because the use of this invention allows for real-time data, control over
scaling, fouling, microbiological growth and the like is rapidly and accurately
achieved in an unprecedented manner. The inventors herein know of no other
technique that can simultaneously provide instantaneous, real-time mass deposition
and fluid property data to control the feed of water treatment chemicals and/or
hydracarbon processing treatment chemicals. -

In one of its broadest senses, the invention is a method for the determination of
a fluid condition occurring on the surface of a container containing such fluid, and
instantaneously or subsequently taking steps to correct such condition which method
comprises the steps of:

A placing a thickness-shear mode resonator device into the container, and

placing the quartz surface of the thickness-shear mode resonator device into

contact with the fluid;

B. continuously exciting the thickness-shear mode resonator device and

measuring the frequency shift and damping voltage components of the

thickness-shear mode resonator device output;

C. continuously determining the condition of the mﬁcc of the thickness-

shear mode resonator device based on the frequency shift and damping voltage



i ke, the anount of sedinentation occurring in a tank or vessel and the
rate at which such sedi nentation occurs. As stated, these are only sone

i of the applications of the invention in the fields of water treatnent and
~ hydrocarbon processing. By the use of the termwater treatnent

“herein is rreangﬁé%aq vention of I norgani ¢ scal e, corrosi opcTARS04726

bi of ouling on t surtaces in contact with a water supply or industrial
wat er system The invention as stated above is particularly useful in the
determ nation of the rate of biological gr QW(_h occurring in an aqueous
system Also included in the termwater tfeatnent as used herein is the
separation of solids fromfl ui 812 ei ther vapor or liquid, using either
chemi cal and/ or mechaimpenenis apdthen, 5nq  he separation of oil fromwater,

agai n, using either cgem cahuaddp corrbtting fhidlcondifiSiPdbtecteon Wiesiriacy ofitke t he
term hydrocarbon processing neans the transport of crude oi | by pipeline,
rail, barge, or m@s;shmquneespmmwgmgygkmsmgﬂmm@Plgrq“mcen ul
products by varioys nmeans including desalting processes, distillation,
cracki ng, and Btfher means to produce sal able products, as well as the
further treatnent of such j hyde@wtingondqattating s chemitdfeed pemp applyipgacessi ng
i ndustries including the production |, of sych valyahle materials as
styrene, butadi ene, isopre‘??@fllt'vpﬁﬂecemm‘%‘ﬁﬁyv ne propyl ene,

acrylonitrile, acrylic acig, al; I W of flfi Gutl dFehe s9stexnt &t  pol yneri c
WD 97/ 36178 fir ©ifdkasipih A5 utalthd sy

PCT/ US97/ 04726 iii. decreasing the flow of fluid out of the system. _ g

materials forned fro uc terials.. | racti . CGE 4l tion
‘may be  enpl oyed in%leg?etn%ﬂ‘f”l% sme@gdgmpﬁngvglgﬂée ?@rﬁp@%ﬁéﬁ&t}g %éé/ﬁ? ate at
‘which organic  {,aishedKiRe Mcknéseshiafmobe febhator cirfaseddirdetinlit isioftatimes

equi pnent, flow l'ines, storage tanks, and the |like. The thic nesgd- shear
mode resonat or magefisldo icomsiertithis date tp magsiapd a viscosity-density component. As stat

above, the thickness- shear mode resonator device may be placed adjacent to the
surface of the container holding the fluid or may be inserted into the container in any
location where the fluid contained in the container is in contact with the quartz crystal
surface of the thickness-shear mode resonator device. The container utilized may be
advantageously selected from the group consisting of hydrocarbon processing units,
hydrocarbon storage tanks, pipelines, or transport vessels such as barges, ships, and
railcars.

Additionally, while the thickness-shear mode resonator device of the invention
may be placed into the system on a permanent basis, it is also possible to place such a
device into a system on a temporary basis to determine whether a fluid condition
correcting chemical should be added.

‘While useful in the correction of a condition on a surface in contact with a
fluid, the invention may also be utilized to control a condition of the fluid itself in
either a liquid or gaseous state, and regulate a condition of the fluid such as
consistency, viscosity, and the like. In one of its broadest senses, the invention
involves the determination of a fluid condition in a fluid manufacturing process,
including the storage or transport of said fluid, and instantaneously taking steps to

correct such condition which steps comprise:



the nethod of the subject invention at any location in a process where
organi ¢ fouling, I norgani ¢ scaling, corrosion, or mcrobiological growh
can be expected, or where a change in the characteristics of a fluid may
i ndi cate a processing problem which can be corrected through the addition
of a chem cal t. Likew se the subject I nventi on can 1Ll zed
to determ ne ttﬁ{'egr%a e at which enul sions can be broken, or FE’S“’%%’A‘J& I on
of an emulsion in real tine so as to allow the feeding of an appropriate
enul si on breaking (or conversely, if an enu]I[sion is the desired product, an
ermul sifier) material . Because the use of” ¥His invention allows for

real -tinme data, control over ., scaling, fouling, mcrobiological growh and
the like is rapidly ahd adesgrtingdntg the coptamercantaining said,Hid 8 e#hepranner .
The inventors herein kb &Fhereb %Q{& Sirfadd = S ol ly
provi de i nstant aneous, r\ggﬁ%&tpﬁ%&grréagssheﬁe%osi % anoftﬁfl{g?c}h%grggiﬁ%?ﬁﬁugata
to control the feed atsonatoedevicedminoentactovitnthe fikl; and/ or hydr ocar bon
processi ng treatnent chem cals. .\ lp.one of its broadest, senses, the
invention is a net hoog'f or WW@“G@%PWW&W%&?‘C%F"”’S%“F Mg resenatar deyee and
occurring on the surfaggug tﬁefr@c{iieﬁéy Mhift srtadipitig \VoltagE ddmipbhidnis ofahd

| nst ant aneously or sub_sequegntly aki'ng steps tpo g(r:"g,rrect n’lé’uch condi tion

whi ch nethod  conpr ithieknessrshest wpds rggonator device outpyt;  pl acing a

t hi ckness-shear node xeso hGe 11t O ine n .
pl aci ng the quartz suér'f ac%g%tﬁ{uf’ﬁsg’y# |cén§§st,t{e?§'é§?gﬁrr§f ee%%gag%gﬁ%?%&?sé'e

into cont actshedrtniodeh e rdsbnsitat; device based on fhe frequenby shiftahd dympingi t i ng
the thickness-shear node resonator deyvice and measuring the
frequency shift and W%P%e"@&hﬁbnents of the

t hi ckness-shear node 1 esongh@uckély béifecting B condition detected on the suftald dHn'S! ¥

determining the condition of the surface of the thickness- shear
nmode resonat or devi ceahickuesstshrar mhde resangtoe devjcedtyi thking andaction fiomghe gioup ge
WD 97/ 36178 isting of:

PCT/ US97/ 04726 consisting ol:

i activating or deactivating a chemical feed pump applying a

condition correcting chemical to the flnid;

fi. increasing the flow of fluid out of the system,; or,

iii.  decreasing the flow of fluid out of the system.
To state the invention in another manner, the basic invention of this application

operates in a water treatment system by using the following steps:

A inserting into the water, preferably on the surface the container
containing such water, a thickness-shear mode resonator device whereby the
quartz surface of the thickness-shear mode resonator is in contact with the
industrial water,;
B. continuously exciting the thickness-shear mode resonator device and
measuring the mass and viscosity-density components of the thickness-shear
mode resonator device output;
C. continuously determining the condition on the surface of the thickness-
shear mode resonator device based on the mass and viscosity-density
components; and then,

D. continuously correcting the condition detected on the surface of the



- 9- conmponents; and then, D. continuously correcting
the condition detected on the surface of the t hi ckness-shear node
‘resonator device by taking an action fromthe group consisting . of:

. activating or deactivating a chem cal feed punp applying a

condi'tion corre?f,igg,gﬂq@em cal to the fluid, | POT/US9 74726
-increasing the ow of fluid out of the system or, b,
‘decreasing the flow of fluid out. of the system Wil e the

frequency shift and danping voltage conponepjs which are the  output of
‘the thickness-shear node resonator can be uSed directly, it is oftentines

ruseful to convert thig.,data o mags_and. a vi.scosiiy-density. copponent As
‘stated above, the tﬁ?i"‘%ﬂffé? gargw@gfesmdpélg% aﬁgﬂﬁggm{ﬂgg‘w’awd
adj acent to the sur EqgRtisd ot he container holding the fluid or may be

inserted into the container in any = |ocation where the fluid contained in
the container is in contack wi taRtiYa4agqrdeecyvaing achgmical feedpymp agplyinga

t hi ckness- shear node reson&hﬁ{- ggg&&ﬁgggml&@ﬁ%&gpﬂﬁélﬂdﬁ Ry be

advant ageously sel ected fromthe group Consls ocar bon’ processi ng
units, hydr ocar bon st or aijle t dandreasingiticflow efwaterout bfths pystém;\wessel s such as

bar ges, ships, and railcars. . Addi.ti onal | whi | e the
t hi ckness- shear node resonZ or FERFRNS the ﬂ?ﬂé'f?”ﬁ%?ffti"gn'esyﬂ?fﬁy be pl aced

into the systemon a RAKRHYRRGELARUeSriptibn s i iRicRRESiHAkEmbM® BiRaRr diid 2

device into a systemon a tenporary basis to deternmne whether a fluid
condi tion cor heghden gsedrie thesingulanfomdt is ofteniroes desirable to use moyeithan ansef ul i n

the correction of,.a conditi ' o) t W . i t he
i nvention may al &%ﬁsﬁp{r@@g@&gﬁaﬁﬁe&%ﬁ%aiéig%n ANy ‘%gfsm%g‘efﬁufé"!# ﬁ;g‘el f
:‘In » eitEer a | ioftheQerftv thizhnco siteass maams@adéts&gcdm&nl_ milﬁalndémdra?ogé,mae

uid such as consj stenpcy, vjscosity, and . the e..In one_of its
br oadest senses, OF Fult B carﬁ“ﬂ%%%@qﬁ@"‘ifé‘tﬁ‘ﬁiaﬂ%m ﬁa‘!ﬂ“’%{mﬁ‘f%%l

Con e o S SR AL S0 BB ey ok oo o

such conditi on wespehially anportaptiphendhe devices are used to determine sediment in a tank,
emulsion breaking efficiency;, the level of foam in a vessel, the level of each of two or
more distinct phases in a container, and the like.

The use of this invention allows for the real-time determination of parameters
which effect the aqueous system. By the use of this method, scale formation,
corrosion, or biological fouling can be detected long before such scale, corrosion, or
biological fouling can be visually detected in the system, and long before other
methods of measurement would provide the same information. Because of the
sensitivity of thickness-shear mode resonators, problems occurring in the system are
detected much earlier than with traditional methods, and corrective action through the
use of appropriate scale or corrosion inhibitors or microbiocides can be initiated
immediately to control the problem. Through the rapid control of the system by the
methods of this invention, superior contro! of industrial systems can be achieved. By
the use of the thickness-shear mode resonator devices in the subject method, exacting
control of agueous water treatment systems can be accomplished. The thickness-shear
mode resonator also operates in real-time which avoids problems with basing

chemical feed on coupon analyses which are composite (integrated over time)
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A inserting into the container containing said fluid a thickness-shear
node resonator device whereby the quartz surface of the thickness-shear

node I r device is in contact with the fluid, .

conti nuously eyﬁﬁ)ﬁg& he t hi ckness-shear node resonator devi gg’é"ﬁ?ﬂm‘ﬂé

measuring the frequency shift and danpi ng vol tage conponents of the

t hi ckness-shear node resonat or devi ce output; C. conti nuously
determ ning the condition of the surface of1%+he thi ckness- shear

node resonator device based on the f.re%lj,ency‘shift and danpi ng
vol t age conponersampling dThis type of monitoring dpes not inshinateupses sonditians 2 they eepur.ne

condition detected on_the surfac f the | ckness-she node
resonat or device by Bgﬁinﬁﬁ'a%eog%%s%ﬂ” ?le 5?‘5"{'%15 a&?’%‘ﬂé)ar}bm p’gcessm%%aé fhfti ng of:
i act i vat i ngnedntige aaild,\ohta rég-timebasiziderimine & foudid g tofibsibsy aritifordiological
condition correcting chemcal to the fluid; i

T iy,
increasing the f8® nditign gecyringon the,ariage plahydgcarbon processing unit in contget | |
‘decreasing the f,;,@w Hd'wﬂorpl%“'d ithb CEANS b ined in thd & he
‘invention in anot erhg];}w'gfrllljr?er, t el asl c |l vent o)ncoo “}eﬁlmsthap]g |§%ﬁ%n
operates in a wgrecestinganityand stepscoalhitsfantancons!y bectakon|to carrect)sush epretition.

A i nserting ijjto the vvalt&; preferably on the surface the container
contai ni ng such HePSI0¢ NI kness- shear  node resonator devi ce whereby the

quartz surface of thesthi plddmgathicRss-SRaACMbESREMAOF déviccliotitifhiigt W th the
i ndustrial water; B continuously exciting the thickness-shear

nmode resonator devi c_@oahimedirimehydrowémm%gsmmﬁwwcbmeawmrfmqiensi ty
conponents of the th'tﬁgﬂx?ﬁéﬁl&ﬁ&;'modcresonatorisincontactwiththchydrocarbon;

B. continuously exciting the thickness-shear mode resonator device and

measuring mass and viscosity-density components;

C. continuously determining the condition of the surface of the thickness-

shear mode resonator based on the mass and viscosity-density components;

and then,

D. continuously correcting the condition detected on the surface of the

thickness-shear mode resonator by activating or deactivating a chemical feed

pump applying a condition correcting chemical to the hydrocarbon processing
unit.

Again, because of the sensitivity of the subject method, fouling and scaling can
be detected at extremely low levels, and corrective action taken instantaneously, and
therefore before major problems occur. As stated above, while the thickness-shear
mode resonator device is preferably placed on the surface of the hydrocarbon
processing unit so that the quartz crystal of the thickness-shear mode resonator is in
contact with the fluid, in this inventions broadest sense, it is only important that the
quartz crystal surface of the thickness-shear mode resonator device be in contact with
the fluid to be measured. Through the use of the method of the invention it would be
expected that major problems like the deposition of asphaltenes on the surface of a

heat transfer device in a refinery could be noted before they became serious or even



node resonator device output; C continuously determ ning the

condition on the surface of the thickness- shear node resonator

i devi ce based on the mass and viscosity-density conponents; and

‘'t hen, D. continuously correcting the condition detected on the
surface of the wo 9736178 VWO 97/ 36178 PCT/US97/04726
PCT/ US97/ 04726 - 11 -

t hi ckness-shear node resonator device by taking an action fromthe group
consi sting of: . activgting or deactivating a chem cal
feed punp applying a cond| ion correcting chemcal to the

i ndustrial water i NnCr easi. ngg@he JL.ow.of

Syst em.
wat er out of thell %@mm%wchasthc occurrenceof arunalway exothgimic Z!}tlﬁgll*? ow of

water out of thepgysh&Rorage tank. ltw%bdﬁzattﬂeﬂehﬁb@&bﬁﬁﬁsdﬁ&@iﬂeﬂioﬂ%ﬂiehe term
t hi ckness-shear node resonator device has been used in the si ngul ar form

it.is often ti neinventionoaly, andthosgskillad inthe ert pf hydeocarbpn proeessing. kgt thepde
resonator devi Ce#oﬁuc%oﬂ ﬁfﬂeﬁ%%ﬂm@@oﬁ!@dﬂ%% e ﬂ)%&{ ugé%ocr n&hichid©

termthi ckness-s e résonator rs d rern o I nc €l n one,
t wo, or mul ti pivll fehdibksze stherdien lin whidk thicimoemion carieentilized. T lgydfdchrbas f or

addi ti onal control of the s st e se rml tiple thickness-shear
nmode resonat or dBWF??&gF%“'Pm H]‘&\‘}VWW Ni1$,2PP, %&l"c'égl“ ¥ e used

to determ ne Sedbl%@ltank'%qﬁpﬁ@iﬂlﬁrocessﬁ@ﬂ csadarmb&%kam& 16 bfahefaif et 2 | evel
of foamin a vessel e level of each of two or nore distinct phases in

a cont ai ner, andpctmhtmlll?zd Jproducts. The equipment @ay be 2 eampressow rabpider, bdat ows f or

el 1o ekl o AR R At L8605 A
applicable to almost any hydrocarbon processing unit including those processing
alkenes and alkynes (e.g. ethylene, propylene, styrene, acrylonitrile, acrylic acid, alkjl
acrylates, vinyl chloride, butadiene, and isoprene) as well as downstream units that
further process the alkenes and alkynes. Chemical additives that may be controlled
include scale and corrosion inhibitors, antifoulants, antifoams, antipolymerants, and
the like. It will be readily apparent that this invention is not limited to any specific
type of specialty chemical additive to any particular process.

The invention may also be used to determine the viscosity, density or a
viscosity/temperature condition of a hydrocarbon fluid contained in a container and
instantaneously taking steps to correct or modify such condition. Steps used include:

A inserting a thickness-shear mode resonator into the container holding

such hydrocarbon whereby the quartz surface of the thickness-shear mode

resonator device is in contact with the hydrocarbon;

B. continuously exciting the thickness-shear mode resonator device and

measuring mass and viscosity-density components;

C. continuously determining the condition of the hydrocarbon fluid based

on the mass and viscosity-density components; and then,

D. continuously correcting the condition of the hydrocarbon fluid by

activating or deactivating a chemical feed pump applying a condition

correcting chemical to hydrocarbon fluid contained in said container.



corrosion, or biological fouling can be detected | ong before such scal e,
corrosion, or bi ol ogi cal fouling can be visually detected in the system
and | ong before other nmet hods of neasurenent woul d provide the sane

i nformati on. Because of the sensitivity of thickness-shear node

resonat ors, pr%% ,Bccurri ng in the systemare detected Wm@%ﬁ?r
G Ohar e

than with trad met hods, and corrective action through use of
appropriate scale or corrosion inhibitors or m crobiocides can be initiated
i mmedi ately to control the problem Through,the rapid control of the system
by the met hods of this invention, superior control of industrial systens
can be achieved. By t he use  of the thickness-shear node resonator devices
in the subject nethodhisnroesss isgsefuls fosexamplen thepeesessing.of diesel fugls orather

systens can be ' ' - ssdR &ﬁpﬁeg | so
operates in real %%LW@%%%@&&{&%%gﬁéﬁnﬁvn\ftaﬁr%as| gfmg‘ﬂc em %ﬂtéf eed on
coupon anal yses fididigh oasueh othepadiitive si¢hnasagiscosity indexnimproper), or other additivé\O
gé{r? gégg / 04726 Which changes the characteristic of the hydrocérbon fluid. Likewise, 4s5in aqueous
sanpling. This tyRemefthdMRedtiohnity ala®e udstl fo@lisclih e thie ReQirreAG Wt IEvRIST aS

t hey occur. _In a non-aqueous system for exanple a hydrocarbon
processi ng uni t,foarhing in a prosessi and neay hedisefghinghe iatipduction-ofiantitfeanyvinrari ne a
fouling, corrosign and/or,biological - growh condition occurring on the
surface of a hy ﬂ'sff'%}bcessi ng unit in contact wi th the hydrocarbon
fluid (either a |iquiThedivepfion mapaisabenaseful in the appligationf eMakion bdakee $6ri NQ

unit, and steps coul d i nstantapneoys]y be taken to,correct such _conditign.
These steps i nclgoRgersely em“lsgi“s&m °‘is‘15‘l'".!1%tf"rf§ watqrin-pil ﬁ@glré’-"gﬁ aﬁﬁﬂ@’?@‘é‘ﬁaat or

device into the il featment of slop 51 HHeRPdbshiferd, WastB WafeP GolRER, RIRSARRST NY
unit, whereby the quartz surface of

In this method typically two or more thickness-shear mode resonator devices
of the invention are placed at varying levels in the vessel in which the emulsion is
located. The differing characteristics of the fluids, generally encompassing two or
more immiscible fluids can be read using the thickness-shear mode resonators and
data accumulated on the status of the emulsion at any particular level in such vessel or
tank. Because of the differing viscosity and density of water, and oil, and any
intermediate rag layer, the progress of emulsion breaking can be followed, and
deemulsifier can be added as a result of mass, irisoosity, and density determinations
made through the use of the thickness-shear mode resonators. The method for
determining the condition of a hydrocarbon/aqueous fluid mixture and the feed of
emulsion breaker to such a system generally comprises the following steps:

A.  inserting into the container holding or cbntaining the

hydrocarbon/aqueous fluid mixture a thickness-shear mode resonator device

whereby the quartz surface of the thickness-shear mode resonator device is in

contact with the hydrocarbon/aqueous fluid mixture;

B. continuously exciting the thickness-shear mode resonator device and

measuring mass and viscosity-density components;

C. continuously determining the condition of the hydrocarbon/aqueous

fluid mixture based on the mass, viscosity and density components; and then,



t he thi ckness-shear node resonator is in contact with the hydrocarbon;

B. continuously exciting the thickness-shear node resonator device and
.measur i ng mass and viscosity-density conponents; C. conti nuously
determ ning the condition of the surface of the thickness- shear
node resonat or \b@&ﬁﬂl the mass and vi scosity-density conponegfiseTndre
and t hen, D. continuously correcting the condition detected on
the surface of the t hi ckness-shear node resonator by activating or
deactivating a chem cal feed punp. gkpl ying a condition correcting
chenmical to the hydrocarbon processi ng uni t. Agai n,

b f th i I s ¥ehi
e’ datecred at oxtrerRyy. eaftinobiily B8t e odiifon of e HyRtbeABOy Bdi0l i 2"

i nstant aneousl y, and mixhh€beictivatingairdesctivitingla dhémithifesd uapapplyisg st at ed
above, while the thickness-shear node resonator device is greferabl y

pl-aced on the surfacéW“%@WH?&Wﬁto ?)P‘BE?—??%H@“ERH‘%‘“‘E thenat t he
quartz crystal of thg, \fdﬁ-} fref €SONAtor is in contact with
the fluid, inthis in entlons roa est sense it is only inportant that the
quartz crystal surfac%ﬂémmhoﬂlmdnhmemmﬁembmcahidmemwb in

Com ot 1 oo BToER I P e i R
deposi tion of asphgd fsPrRentOPisidRentitiés eI Rfutifize tWoRRmdré ﬂﬁkﬂcﬁ@ds—sﬂ&\‘ hfbae ina
refinery could be noted before_ they becane serious or even
97/ 36178 resonators located at differing levels of the container or tank to determine the status of
thr eat eni ng. such58uf4 8 esh el e easeeedloyels I et sl spode o pcan iy o
in a nonomner Sémbaaifiaert afithe invention, ndbadtvtdﬁimctm emplbyedamm wiscloks t he
method of the preferably located at a location to detect the presence of an aqueous phase, and at least
one of such devices positioned at a location to detect the presence of a hydrocarbon
phase. An additional device may be used at a level where the* g” or surface
interface between the two immiscible fluids occurs. The hydrocarbon/aqueous fluid
mixture to be treated is generally contained in a container selected from the group
consisting of crude oil demulsification vessels, crude oil heater treaters, crude oil
desalting units, ethylene quench water towers, dilution steam generating systems,
hydrocarbon storage tanks, hydrocarbon transport vessels, waste water clarifiers, waste
water treatment units, settling tanks, accumulators, and metal working fluid sump.
The use of more than one thickness-shear mode resonator gives operators of emulsion
breaking processes instantaneous, real-time information on the status of the emulsion
and control of the feed of condition correcting deemulsifier or other chemical to the
emuision. The term mixture as used in the sense above is meant to include water-in-
oil emulsions, oil-in-water emulsions, emulsion “rag” layers, separated oil layers, and
separated water layers, as well as dispersions of solids in liquids.
While this method has been described as being useful for the breaking of
emulsions, of course the method may also be used in the formation of emulsions. By
using density-viscosity readings obtained by the thickness-shear mode resonator

devices, emulsifying agent can be added to produce an emulsion having desired



I nvention only, and those skilled in the art of hydrocarbon processing,
both in the production and treatnent of crude oil, refining, and the
production of petrochenicals will readily see other areas in which this
i nvention can be utilized. The hydrocarbon processi ng equi pnent in which

the nmet hod of ' §7M?§ent lon is applicable include al nost a%rwﬂ%nt
processi ng a crudée ol or distillate to manufacture fuels,

petrochem cal products. The equi pnent nay be a conpressor, reb0| | er, heat
exchanger, purification colum, hold vessel . or reactor. Likew se the

I nvention is applicable to al nost any hydlk ocar bon processing unit

I ncl udi ng those processi ng al kenes and al kynes (e.g. ethylene, propyl ene,
styrene, acryl on‘F'tachFeEISUQc:ryl ic acid, alkyl acryl ates, vinyl chloride,

but adi ene, and i Sopr exehahe Weh eadFordiihds mmémmefondeécum@&emrocess

t he al kenes and al kynes. |t|ves may be contro
i ntl ude scal e anﬁkmdnmﬁagerof thcmubktteesr-shearamdefresmmt dn theuse bbthethickness-

antlpolynerants and the like., It will be rea are that ;this
i nvention i s notSheptmedsresogaiar (o defsmping the g W%@gfff’% % T CARPRIUL |

addi tive to any gfdring¥he thieknekahsar mode resonator i obMUE S thﬁ’tﬁhé”@:bbo@édssiﬂebﬁ used
to determne the viscosity, density or a vi scosity/tenperature condition

of a hydr ocar bonthe quarts is sidirsctrontaciwith the Suid qiksnlatingiin the systenn tln designing

taking steps to gﬁﬂ"

A I nserting aéii%h &éﬁrééé)g“s rrgggﬂ?g{s%c:%éag’w%e ‘E?I"?Fﬁ%d"&c@% al newjﬁgl di ng
such hydr ocar boninsértisie6fthé thicknessshear sodé fssenatr. tAhearﬂingl@kwmnedm&ig nmode
‘resonator device_ is in contact with the hydrocarbon;

cont i nuously excfouing sealigs: rORARSE euqrdhs “H‘i?d’éy prathes shapcteristic é‘éa fnid, itis
measuring-mass agfenddtafiagebys tl Mbuhi the ﬁﬂéﬂﬁ@z@%ﬂ&ﬁ mode resonator ffush wnﬁ‘i‘l{htéupﬂ&us Iy

determ ning the condition of the hydrocarbon fluid based
mass and Vi scosmﬁﬁhdmnvocm@nmmdh@eﬂh@mm WhmaﬂwhmomnSNMUsl y

corr et 19, LS Sl By A BSILLRARR o Yoot e miaic T B9
chem cal to hydrtheatdfse of théicontainedt atipipedhriotgiswhidh ¢Rfiuii pesses, those skilled in the
art will readily determine the best location for the thickness-shear mode resonator. In
all installations, it is critical that the exposed portion of the quartz surface of the
thickness-shear mode resonator contact the fluid being measured, or the fluid from
which scale or fouling is being deposited.

In yet another embodiment of the invention, a portable thickness-shear mode
resonator could be utilized. In its simplest form, the portable fixture would be easily
inserted into the fluid or head space of a tank, drum, or open vessel.

The quartz crystal surface of the thickness-shear mode resonator of the
invention can be as small as desired, or as large as practical. Quartz crystal
microbalances of the type required to build the thickness-shear mode resonators useful
in the practice of the subject invention are available in various sizes from a variety of
commercial sources. One of the features of this invention is that the thickness-shear
mode resonator allows for the rapid and accurate determination of a condition and the
change in a parameter to control the condition. The invention is usable over a wide
variety of pressures and temperatures. When used at under high pressures, it is
preferred that both sides of the quartz crystal bé pressure equalized. When only one
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. This process is useful, for exanple, in the processing of diesel fuels o
ot her fuel which requires the addition of a pour point depressant to
-mai ntain adequay§orseitgti dity, or such other additive such as gcyhsemarisy

r

“index inproper, or other additive whi ch changes the characteristic of the

hydrocarbon fluid. Likew se, as in aqueous systens, the invention nmay
al so be useful for detecting the occurrenceyqnd | evel of foaming in a
process, and may be useful in the |ntroduct|on of anti-foanms into a

e T Snh7 St oM e 3Bt el

oi I -in-water or wisﬁFmdamﬁmle &1 Dikswise|the inserition is t@émnmed widd rangelof

treat nent of slo refiner esalters, waste water treatnent, or the
i ke. MPSTALITeRSANIRE isemaﬂw'bwfrmt?ﬁﬁ highas the glrf@mg noile
resonat or devi ce ﬁ%@ﬂ&ﬂs Bed®b er}ﬂﬁlllt; the
vessel in which t8 tgeglfr?cutf"giﬁgh IS F‘ocate The fer| ng chara ter| st ics

ofthe fluids, gesshawhile thndari:pasaotrdyecﬂxmsoful in ﬂmpya'olymmombéfof jnstades anan

read using the thj ckne s-sh node r nat or.s apd at a accurml ated on
the status of th gﬁ Websa‘fs?eﬁ Gfi tFEVB g the " vessel or
tank. Because OfAHbﬁ mefxﬁa{wﬂesmﬁ&mmeesamxH.aaéfesdﬁatahsweﬁrsuaﬁmmelI

any I ntermedi ate rag | ayer, the progress of enulsion breaking can be

foll owed, and  eenstelsthe joncaf ¢ specialy chemisal material which iy designed toameliozster
and densi ty detep FE ezly - shear
node resonators. tﬂ%éteﬁr?) or tn tfe};&%pm ngléiﬁgh%%ﬁ?%#of a

hydr ocar bon/ aqu eomntmﬁing mdcrobiotide,eomosiort inhibites slcatn‘ inhibiteryfoslingrinhibiteds er the 0
such a system ge es.the fo st.eps: . A
inserting into tﬂg i‘ﬂﬁ%&&%ﬁ{hﬁﬁﬂﬂl@g‘%} tlc‘ﬁﬁ‘? H@?g&gumps using the output of
hydr ocar bon/ aquedshitkrésslshizhr thodeegonhtor détitRafe WEIPRIowWHIH thelaftS Ak Sifcufl§HdeC
wher eby the quartz surface of the thickness-shear node resonator device

in conthgsignal efterthrdatsraingtion themmeh gelibsatipniof a desired signaldevel from the
B.  continuousl Sést shel y&ﬁens 8&&&1&%&@@&%&&&%&&% gﬁaﬂ&‘i\%&f& and

measuri ng mass a VI SCOSI t conpbne _

conti nuously det drivingapump neeans) ﬂnlusignekcanhlsb be utilzed xapen ontlaspidowsiown

I lhglnd m xture basgd s1n thehc%sen;@aisascool\{ngsv?rgtgrl gr%oﬁer wal e%g?sterx of o 81%25@0% dec?gage
the flow of a hydrocarbon fluid passing through a given system, increase or decrease
the residence time of an emulsion contained within a vessel that is necessary for
breaking such emulsion, or the like.

In the operation of the thickness-shear mode resonators useful in the subject
invention, an oscillator circuit is utilized to maintain a constant potential across a
piezoelectric crystal (quartz crystal) to provide stable oscillations. The output is
measured and processed in accordance with the general principles elucidated in U.S.
5,201,215 previously incorporated by reference herein.

While it is a current preferred mode of utilizing our invention to use the
calculated mass and viscosity-density resuits obtained by processing the raw data
generated by the Granstaff device, the “raw-data” output, frequency shift and damping
voltage, obtained by using the circuitry described in Granstaff, and elsewhere in

Wessendorf U.S. 5,416,448, the disclosure of which is hereinafter incorporated by

be

and

e
S
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D. continuously correcting the condition of the hydrocarbon/aqueous fluid
m xture by activating or deactivating a chem cal feed punp applying a

condition corr i Qgi'?‘pem cal to the processing unit containi %‘%LE

hydr ocar bon/ aqﬁ"géa uid m xture. Wil e this enbodi nen g’éorf’ e
practiced using only one thickness-shear node resonat or placed at a | evel
in the container at which it is desired. to asure which phase is

present, it is oftentimes useful to utili 7% wo or more thickness- shear

node resonators |ocated at differing |levels of the container or tank to
det ermi ne the strafeenceinto thisypegificatign.at1s alse p measure f the changespepwryiag enthen

nost preferred | C ' Wgﬁﬁﬁ . | lLon, at
| east two devi c;r%qg)rr gﬂrg%?%éigg?ﬂg%%ﬁgﬁw \ I C ?g%o%)r?lg{)é&rﬁaﬁf{?al ocated at a
| ocati on to det ewdlueshThisrntechriquemay bacspesjalbyousefupivhere it indifficait tb ebtsin accwrate of

such devices positioned. at a |ocajiqn to detect th resence,.of a

hydr ocar bon ph‘&é"éf“ﬁﬂ‘d&iﬂﬂw&?f 5. 38\}1‘,"};“»83 ??tb@sﬁg:%&'%"“ga‘fdé'\%ﬁ cofjdiee  he

‘rag" or Surfac%onubﬂéﬂféﬁﬁﬁéh?buﬁﬂﬁﬁ&h@f&%edﬂéﬁ%%%Golfngbd@uQCCUf5- The
S .9

hydr ocarbon/ aqueous flui'd " mixture to be treated i eneral |3/ contained in
a contai ner sel ect ed Thivram data ig plse pf coursgameasyrement fof the yiseositytdensity and

demul sification vessels, c i . 2 he d il sal ting
units, ethyl ene ﬂ?@%ﬁ%?&%%\%edr%{,hc%l“%&‘%’%‘ﬁﬁéﬁgg?ﬁl%ﬁ\&era Fha&ds?gﬂllgt ens,
hydr ocar bon st or iagéntiod RliCompaysds the 2oiteo) of specialty ciemieA prokssseswBtigeitherithe raw

clarifiers, waste wat er treasman units,,settling tapnks, accumul ators,
and netal wor ki nfequengycshiftapd vo ‘aﬂerfétaug"e Sf"‘smtéé'dﬂFg‘M Mg ORIPARKINS. shear

node  resonat or  giN&GatQPRbR Y rawdhtaenul sion  breaki ng processes
I nst ant aneous, real-tine information on the status of the enul sion

_ Examples
Acrylonitrile is typically recovered from the gaseous effluent of catalytic

reactors by extraction with water in a column typically known as an absorber.
Hydrogen cyanide and acrylonitrile are selectively extracted from the effluent and this
mixture is boiled overhead in a recovery column to a set of towers where the
acrylonitrile is isolated as a pure component by a series of distillations. Residual
organics in the flow from the bottom of the recovery column are removed by
distillation in the stripper column and most of the remaining water is sent back to the
absorber in this cyclic recovery process. Efficient operation of the recovery process is
limited by fouling that occurs in the process, especially on heat transfer equipment like
reboilers, heat exchangers and distillation towers. This problem can be alleviated.by
the addition of commercially available specialty chemical antifoulants. Aﬁplication of
antifoulant material to the process at dosages from .001-1060 ppm may significantly
slow the rate of process fouling and subsequently extend unit run lengths, reducing the
number of periodic equipment cleanings, and increase unit throughput. The
application rates of antifoulant to units of this type are now based on laboratory
testing, or empirical data on the number of days a unit can be left on-line with a given
antifoulant dosage. In actual practice, if the heat exchanger run length is too short

because of the existence of fouling, antifoulant dosage is increased until an acceptable



and control of the feed of condition correcting deemulsifier or other
chemical to the enulsion. The termm xture as used in the sense above is

meant to include water-in- oi |l emul sions, oil-in-water enul sions,
enul sion "rag" |ayers, separated oil |ayers, and separated water |ayers,
‘as well as dis g4 of solids in liquids. Wi | e tplddrfisstadatngd

has been described as being useful for the breaking of emul si ons, of
course the method may al so be used in the formation of enul sions. By

using density-viscosity readings obtained by the thickness-shear node
resonat or devi ces, enul sifying agent can be added to produce an emnul si on

Ezé\-'/-} B%Q(;?glﬂfr?% run length is g@ta%ééf’o? 54 ?ouling is evident. This process often leads fo the

characteri stics. gverdose of antifdifaniBtati theBififoud€ Hosage is Rtaxiiibaforthe worsf t he
i nvention descri bed herein t akes advant age of the thickness-shear node

resonator. |n thposgible conditippand s pethased on aciglfoyling conditigasjp thegmit; JThergt er ni ne
the quantity of i AU PR Ghe GR 9?&&%:111‘& Wit fhsa

t hi ckness- shear érrg eﬁor'e"ssgghx{;?‘lfs mount ed so t atltﬁ% exposed si de of
quartz is in dirasgifodatt act with the fluid circulating in the system In
desi gni ng such systens, it is inpoytant .tqo.take into account the. fl uid
turbul ence caused by Il"‘ﬁ’é‘?““?ﬂ@@?"fri _ BﬁgePﬁ%alf%‘ﬁﬂﬁrPew_éﬁ@étﬂym° the VPS¢ or
Accordi ngly, whegesBRwatetetwonill 88 insalled MAtitd) Iocalidiis i thie AryloRitriR\pRfifitdtidn
viscosity or other characteristic of a fluid, it is of ten advant ageous to
mount the t hi cknprogesshBypicakingations ghwhich thickmesstshegr mode Frsonaters weuld beof t he
cont ai ner or pip ' ' Aeas nm%}’ .Ng i S
not practi cal ,ﬁ%{ran%‘g&gdpwe Pﬂ%&ﬁ%ﬁ@gﬁgm [ rggboﬁlé%g&ca ot £e1
installed flush sdnsdrwouldlee imstallcdze asto grbteudedntd thersolventrwaterstredrinr Thidrystdli ch

the fluid pass esivoﬁlg%g %ms;gr: llayl' fndosé:iﬂat%p Gircuit on the outside pipewall. Oscillator and crystal

t he

would be connected via a hermetic rf circuit on the outside pipewall. The oscillator
would provide a frequency and an amplitude output. Changes in resonant frequency
would be indicative of changes in mass on the crystal surface and/or changes in fluid
properties. Changes in amplitude are reflective of crystal damping. The |
measurements of crystal damping could be an especially useful measurement because
damping is affected by the viscoelastic nature of the deposit, and the deposits in an
acrylonitrile process can be highly viscoelastic. Viscoelastic deposits in the
acrylonitrile process would preclude the use of other quartz crystal microbalance
sensors that fail to account for the influence of viscoelastic properties. Damping is
also important to resolve changes in mass from changes in fluid properties since
resonant frequency is sensitive to each. Traditional quartz resonator sensors would not
satisfy this requirement since these devices are sensitive to changes in resonant
frequency only. The sensor used herein is useful in controlling the process because
the associated oscillator circuit is sensitive to changes in resonant frequency and
changes in amplitude (damping voltage).

In the sensor placed in the solvent water line, oscillator output would be
measured by a frequency meter and a voltmeter that were each connected to a personal

computer, Other measurements collected would inciude time and temperature. Using



art will readily determ ne the best |ocation for the thickness-shear node
resonator. In all installations, it is critical that the exposed portion
of the quartz surface of the t hi ckness-shear node resonator contact the
fluid being nmeasured, or the fluid from which scale or fouling is being

deposi t ed. n yet another enbodi nent of the inventi abl e
thPcknes-shearvﬁ%ﬁ%“rkregonator could be utilized. Inits sin%?gs orm
the portable fixture would be easily inserted into the fluid or head
space of a tank, drum or open vessel. The quartz crystal surface
of the thickness-shear node resonator of tt#- invention can be as small as
desired, or as large as practical. Quartz crystal m cr obal ances of the

type required toowsputifoom the osdillatem, the sompatar would be nsed dmcaleniate amsgilof the rateoft he
practice of the subject i.nvention ar vailghle in vario lzes froma
variety of conﬂ’é‘?gm 'mlg%{?%coé's.eﬁ?se&osﬁr%%ﬁgﬁtﬁ Iwé)gﬁi(r)t\hex{t% %&WMW‘H&W s

t hat the thi cknemgisibgtion of antifollarit&s M protessparldIuS ddpositibh e i MeimtrestediCCuUr at e
determ nation of a condition _and the change in_a_parameter to control the

condition. The i #A}ss Waigr would b proportipasl to thgrate of fopling imxthe byt gichanggr. Shisind

t enperatures. W 2 j rfestith el ool : hat
bo'[rﬁ sides of t hga&qwdggg Iz)@%:?%gﬁy eﬂ%Fétaas sure gg’uaéﬂh%z“ (Ila%t w@ﬁ@ﬁ;’ f;eﬁ ﬁ’?g Bhtr?e
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the crystal is subfaeudperpanifested o the computer hyachange p sigpe fo 3‘%‘1‘5‘7%?"'%

take place  caufbRG pletdfaspositel s YerkoStime. | BRualy ﬂk*&ﬁﬁtomaﬁm&&bga cosiapeef ul
over a w de range of tenperatures rangi ng from substantially bel ow

freezing to as hsigwlyadiusted until the plgparfthis line eppreaghedderaine idetattable depssitionn s

used to receive fs WAk 3 : .l e the
device is not dié‘tt}g?%vgﬁge d’lr'tgllmﬁbt e py%?ﬁ%gésgl&f?‘@%tg?&g%m%&#lﬁ € an
et hyl ene f ur nacedosagmewoldd be estabdishesiiy actual regletind memsureimentrathecthfour nace.

indiscriminate variables that are easily affected by other process parameters. At any

time during the run, if deposition increased, the antifoulant rate would be increased to
compensate for the higher fouling rate.

As an alternative to placing the thickness-shear mode resonator in the solvent
water stream, a small slip stream taken from the acrylonitrile recovery process could
be utilized. In some cases it would be expected that overall deposition of solids in the
bulk solvent water would overwhelm the thickness-shear mode resonators. To
attenuate large flow rates and fouling rates, a small flow of solvent water would be
diverted to a flow cell containing the thickness-shear mode resonator. Deposition of
solids from the slip stream would be proportional to deposition from the bulk solvent
water provided that process parameters like temperature and pressure were maintained
at constant levels. To facilitate these conditions, the flow cell may be heated by
means such as heater rods, heat tape, steam, or other conventional means.
Furthermore, the addition of a back pressure regulator to the slip stream line to
maintain a constant pressure could also be uscﬁil. In this case, the thickness-shear
mode resonator in the flow cell would be attached to an oscillator circuit outside of the
flow cell and slip stream tubing. The oscillator output would be used as above to
calculate the deposition rate and optimize antifoulant feed.



Anong the many uses of the thickness-shear node resonator is when such

devi ce controls the addition of a specialty chem cal nmaterial which is
designed to aneliorate or otherwi se noderate a condition, for exanple the
‘turning on or off of a punp cont ai ni ng m crobi oci de, corrosion inhibitor,

scal e inhibitor LNg i nhibitor, or the like. Methods fopdrhRer04726
devel opnent of "X?%@JI’HI%J; control ling punps using the output of t he

t hi ckness-shear node resonator device are well known in the art. Such
circuits use the signal, after the deternjnation through calibration of a
desired signal level fromthe t hi ckness- shear node resonance device, to
I
a

drive such punp neans. In additjon to rivi a pu nmeans, the signa
can al so be utilized Mwﬂb@fe@ﬁﬂy@%@“lﬁ?&ﬂﬁ ‘“%%&W%@W&E@qgf

cooling water or b?ﬁl&%@ﬁte‘ﬂ%r%n@‘ﬁgr}l%%eWeﬁm&u%yqﬁ&é@%e the flow

of a hydrocarbon passing't a given system increase or decrease
t he residence ti microprocassorwouki makedldestices o convenient toovark withiand would

f b i | S the |jke. ]
Operatiom of t heala st ot Gh SRR AR e seirplien (Bimytof iy miperisie e
i nvention, an osgiid ¢a8¢ Wouldibe Gitérfackdwith tHeilzish dotnpiter 6f admo?geﬁom@baﬂiomer

potential across a _ piezoelectric crystal (quartz crystal) to provide
stabl e osci | | at i pessibleTvasiatien, thercomputer yeuld be used doantpmafically sentiohthsc cor dance

wi th the general L DC ' | r?lnﬁi%i foeedd T

I ncor por ated by P@%ﬁéﬁ%g&?%@ﬁﬂé%fdﬂmpﬁﬁ% I't |§%a cur ?)éﬂra\t ;ﬁ)’r eferred
nmode of utili zi ngronldrbeiprograriineditotadjustmnipistroke byal cetthintdegreerfos 8 peopeirtional

vi scosity-density, results obtai by..processing,the r data . .generated
by the G anst af f CBAGF B'b‘,i’efartfe"ﬁa'spﬁ‘ggﬁ’gg‘ﬂg“%ﬁ‘ﬁﬁ?ﬁ&%"@%ﬁ%ﬁ%%%ﬁ‘fm‘gﬁ&gﬁanpi ng
vol tage, obt ai negdrdpy td4ird) Shel ddfhphier Fuill idiredt @ Punipad hbld cohstiit beitd presdiid

el sewhere in  WesSendorf U.S. 5,416,448, the disclosure of which is
her ei naft er i ncoppopstoke ohtp reduce pumpstrpks byya erstaingpercentage. In this manner,
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The thickness-shear mode resonator would also be useful in the control of
antifoulants to other hydrocarbon processing operations. As a further example, this
hypothetical example discloses the use of the thickness-shear mode resonator to
control antifoulant addition to the caustic wash system of an ethylene plant.

In an ethylene plant so called acid gases like carbon dioxide and hydrogen
sulfide are removed from the hydrocarbon mixture by washing the gaseous
hydrocarbon with an aqueous canstic solution. This is normally done at a location in
the process called a caustic tower. The caustic tower is prone to fouling due to the
base catalyzed polymerization of reactive aldehydes like acetaldehyde. Fouling in the
caustic tower and associated equipment can be controlled by the application of
commercially available antifoulants. In most situations, there is no convenient manner
of determining the optimum dosage of antifoulant required to reduce fouling to an
acceptable level or to eliminate fouling. In some instances which have not been
satisfactory, attempts have been made to set antifoulant dosage based on the amount of
acetaldehyde that is fed to the caustic tower. In one possible configuration, the
thickness-shear mode resonator would be installed in the tower bottom fluids.

Detection of solids in the tower bottoms would be indicative of the amount of foulant



- 18- reference into this specification, is also a neasure of the changes
occurring on the sensor surface and may be used directly without
conversion to physical property values. This technique nay be especially
useful where it is difficult to obtain accurate nmss or fluid property

results. In thgg(z i cations, the chem cal additive could b &8«%&%' ed
- ohse BT

by enpirical I'on of the frequency and/or voltage outp

This raw data is al so of course a neasurenent of the viscosity-density and
mass conponents of the fluid in contact wit]y the piezoelectric device, and
our invention enconpasses the control of Specialty chem cal processes
using either the raw frequency shift and voltage data, or the

vi scosi t y- densi t§prasdruring sasing eHbsbydrocaghon grs RFPPISE from e sengprs would be
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reactors by extraction wth water umm typi ca nown "as
absor ber. Hyd rﬁ)ghng inyhecatsticatostera dhy detectioniof tittkey ar mesbhdstmvhel floveftbmaiw ed

fromthe effluent a hIS ture s boiled in a recovery
colum to a set 'B¥e% B{% ea??r“ﬂ“&h l&‘i"ﬁ ﬁgsasgm ated as a pure

conponent by a seri esruefhygmaéﬁdai@bmﬁm&belwabﬁﬁaémeusémﬁ&kh&mmoﬁw
fromthe bottomof the recovery colum are renoved by distillation in the

stripper col urm resaiateptn coptrok fivulingdnthenrongssing efilighthydrocarbpa steeams. t he
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recovery process is ﬁﬁJﬁﬁE&#ﬁéﬁ%ﬁ%ﬁwg{bboc@E&Q ?eg%%é‘%u}&tenteg fants,
especially on hamprmwmmdawmmmlldtmhmwewahasdoeia&d ehﬁpmeﬁxmbneaer s and
distillation tower ThIS | em | | evi the addition of
conmrercial ly ava?"FE’d!gérs%‘é o 'E'?/Wﬁ%‘ﬁ?‘ﬁ?ﬂt ‘éﬂ"ﬂ‘?‘g idajixe pol XEP'F@H%P‘Q
antifoul ant nat efehdive bRRfind fkPbudsdiche. BY plieig Qﬁﬁhfcm-sﬁ@ﬂmém&ﬁi&chs
significantly slow the rate of process fouI I ng and subsequently extend

unit run | engt hsusefubinfbisrigvention mmhmor macwmm selectfryp incthe taweadhd ngs,

an_d i ncr ease uni “%r ti,g“ %{15%3 |0??w§@£§§m% &g? Iant to

units of this typ are ora ory Nrical data
on the nunber ofT:damanalyumsﬁsMyMﬁdxmfﬁmmemkomwtnﬂ&mwﬁemfo\ﬂmufoul ant

because of {ne ANl Popocrn B REr BtARPEH SARABSHHS RS Y, 280 nt | |

an acceptabl e  polymer grows from the vapor phase on the metal surfaces in the tower. Thickness-
shear mode resonators may be placed in the vapor space of towers such as primary
fractionators, depropanizers, debutanizers, and butadiene purification columns. The
thickness-shear mode resonators would be sensitive to the formation of viscoelastic
polymer in the vapor phase which would deposit on the resonators. The deposition of
a thin, viscoelastic fiim of foulant would be detectable using the oscillator circuitry
described above. If formation of foulant on the crystal was detected, then the dosage
of vapor phase antifoulant could be adjusted accordingly. In this way, the exact
amount of antifoulant required to control vapor phase fouling could be determined.

| Hydrocarbon recovery towers also foul in the liquid and gaseous phases.

Placing the thickness-shear mode resonators described above into the liquid tower
bottoms would help to detect solids that deposit in the tower bottoms and in associated
reboilers. These sensors could be used to control the amount of antifoulant that is
added to the tower bottoms and to the reboilers. These additives are usually different
from those added to control vapor phase fouling although the foulant is usually
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length is obtained, or no fouling is evident. This process often |eads to
the overdose of antifoul ant because the antifoul ant dosage is naxim zed
for the worst bl e condition and is not based on actual '
conditions in t‘ﬁ@gﬁlg There exists no in situ, on-line, rggﬁwﬁ%ns
nmet hod to determ ne opti num dosage of anti foul ant. In order to
nonitor the dosage of antifoulant, a quartggfgrystal sensor of the type
described herein would be installed in critical locations in the

acrylonitrile purification  process, Typical |ocaliaQq t i ch
t hi ckness- shear ﬁ@é@f’?@t?E}?M@lVEﬁ‘bmb%‘m‘ﬁmEl’h‘ﬁFéﬂf“as ‘”ﬁ\ﬁgﬁ’r ude the
sol vent water str eaméo“?ettigﬁﬁ fddant 3 bfo 1052 t6WEr ¥a6ih anothiér Source C0GHRider e d be

installed so as to protrude into the sol vent wat er stream The crystal
woul d be driven aiditin of pgiolysiatgasoline tocaprimasy frattionetgt. sindemg icarenspént caustic is

Gscillator and crystal .. woul d be.connected via hernetic rf..citrcuit on
Che. outsi de. i peEihed wih @V RERIGE ' eippys penafs Tt b SperS satCorctndy ' oo
anpl i tude out put gisfdiM T e spehticREEE2ARer th ¥ gasolifeis depacatéd k6 tliei Ve of
changes in mass on the crystal surface and/or changes.in fluid

properties. Changpustiq, themyinlysis gasolineds sopetimes pspd agrellux ynsthe prigary fractionatere
neasurenments of gr I | . [.aldl ur enment
because danpi ng’"%@é %F %%&%&ﬁ%ﬁg@@g@%&%@%}%ﬁ@ eposi t,
and t he deposi t scatatyzed polyaerigdtioniof phenglagstaldehyde amiother réactvd carbonylspediessitti c.
Vi scoel astic depgsits, ip the, crylanitrile process would pr.e e the use
of other quartz &F?Mm%ﬁaﬁ’&ﬁagﬁ}ﬁé&‘?ﬁe%‘ﬁ&i?@df’h sﬂ‘%‘fefs‘%ggﬁ‘gtﬂjﬁ? for the

i nfluence of vi Sﬁﬂﬁkﬁ%ﬁoﬁf&m&é%emagpk&pimﬁoﬁmﬂmmt&

resol ve changes in mass from changes in flui &rop.ert I es since r esonant

frequency is senptimaydtactionatorh Accumydation of gem in e prmaryactionatorsvauidiead tgoul d

o s | T Syl ek s e apd SR ikt A0
controlling the gsmucsss lgramof gum per 100 mL gasoline. Commercially available dispersants
can be added to the gasoline to help centrol the deposition of the gum in the primary
fractionator. The placement of the thickness-shear mode resonator devices of the
subject invention in the process lines returning reflux to the tower could be used as an
indication of the amount of gum in the pyrolysis gasoline reflux. Response from the
sensors could be used to determine the appropriate dosage of antifoulant required to
keep gum dispersed in the tower. Not only would the sensors respond to the
deposition of gum onto the crystal surface, but they would also respond to the changes
in viscosity of the pyrolysis gasoline due to higher or lower concentrations of soluble
gum in the liquid.
As stated above, the thickness-shear mode resonator can be used for
monitoring the growth of biofilm or “soft” deposits which cannot be measured using
previously known quartz crystal microbalance devices. 'Among the applications in
aqueous systems that can be monitored using the thickness-shear mode resonator
include pulp and paper processes where microbiological growth presents a probiem,
cooling water systems where bacteria and algae growth can present significant

problems and certain waste treatment systems. The invention may also represent an



t he associated oscillator circuit is sensitive to changes in resonant
frequency and changes in anplitude (danping voltage). In the
sensor placed in the solvent water |ine, oscillator output would be
measured by a frequency neter and a voltneter that were each connected to a

per sonal co her measurenents col |l ected woul d incl ude_t| nd
t enper at ure. Wb%’“lg WD 97/ 36178 q*crmss\n?m%s
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fromthe oscillator, the conputer would be ﬁed to cal culate and plot the
rate of mass accumul ati on on the crystal %Sturface. This rate would then be
determned prior to the injection of antifoulant to the process, and the

deposition rate MProved wmmewa%mmnmngmmowmk hageal
_the rate of fouI '\;thér? e w-ﬂHx B@Feﬁd@ﬂﬂb ﬁﬂgﬁdﬁ‘nual |y
Tl | nt Sy stg

noni tored over tine as ant S 1 nJ ecte
ant i f oul ant dosahyaietmtddd:yttlmﬂncknes&dbmmde resdnator déwcer dieeadseg!enhlt:knemange

This would be mani fested on th uter by a.,change in e r the line
that results  fSPRTEORTEOIEPT iEulreous X meplre ?"agg’éﬁi‘ fpidy ¢ he
antifoul ant dosags hdnéessuch%ha&ﬁsnyaﬁh visdosity M%h&asii&%ééa@mkﬁéwﬁ Bévicd | ne

approached zero no et ect abl e deposition over given tine interval) to

obtain an opti mQ@Qlt&ﬁﬁﬁﬁmmmgawmmcmsrﬂhPQ@@dedétig%sgﬂenmm d be
Var fabl os thay eeaienf $34 ig BBl AUOGTTRlcal GO ovbll W real HE TR il ©

time during the thethicknesschhparandde@esonatorie disectly rélited mrtmg:wtmmmbﬁww d be
i ncreased to conpensate for the hlcgazgégf oul i ng rate
alternative to prRatbsysed fpeantiobachemd P’@%‘?ﬂﬁ%&%‘ ﬂsqm@n%mwbm

‘S’?ggés :t (r:gﬁlmd a geBlopedwhiBh HAN Eridtite!thdt Bk AoV Gard Fénidit Withih héoepBHIBV T Y
limits. Without thickness-shear mode resonance devices, coupon sampling is the only
direct measurement technique available. Coupon sampling, however, requires
obtaining a composite sample over a period of time and does not report system upsets
as they occur. Real-time monitoring afforded by the thickness-shear mode resonator
will enable these upsets to be rapidly controlled by changing the chemical treatment
dosage.

Likewise, within a cooling tower, there is simultaneous mineral scale
deposition and micro-biological fouling. The ability to measure and to differentiate
these two modes of fouling would enable a cooling tower treatment program to be
optimized. The thickness-shear mode resonator described herein, and as set forth in
U.S. patent 5,201,215, describes an instrument that simultaneously measures mass
accumulation and changes in fluid density-viscosity product. The differentiation of
these two properties will allow proper dosing of both anti-scale treatment chemicals
and biocide treatments to be optimized.

The ability to measure sample viscosity on-line would enable real-time
control of the addition of viscosity modifiers for slurries. Viscosity modifiers are
added to slurries used in precious metals processing to reduce energy consumption by

pumping equipment. The method of the present invention would enable on-line



be utilized. In sone cases it would be expected that overall deposition of
solids in the bul k sol vent water would overwhel mthe thickness-shear node
resonators. To attenuate large flowrates and fouling rates, a snmall flow
. of solvent water would be diverted to a flow cell containing the

t hi ckness-shea\& r;p,gﬁ.,{ esonat or. Deposition of solids from tganssergu7ssd r eam
woul d-be propo PRGRA™ t o deposition fromthe bul k sol vent wat er provi ded
that process paraneterslike tenperature and pressure were naintained at
constant levels. To facilitate these condijfons, the flow cell nay be

heat ed by means such as heater rods, heal tape, steam or other

conventional neans. urthermyre, the addjtion of.
regul ator to the&odtol BngfP‘%ﬁ?ﬂqn%ﬁ@s?%ea%nﬁaichwﬁcﬁsgg%gﬁs g‘ﬁ%%‘?‘%@?ﬁfe coul d
al so be useful . (dopnifitsYesechiB adoe t hi ckness-shear mode resonator in the

flow cell would be attached to an oscillator circuit ouéjgi,de gf th flow
cel | and slip streanAsabexapplerndhicknessrshearsnodg gesgnatorwepidibg,instgledpniae 5oy e

to calculate Lhg eRest bl Ond Alcin@Aih kit SUEhd duat] P lRfsl-shear

PCT/ US97/ 04726 mode resonator would be calibrated to respond to an increase in biofilm fiass-

As will be readily apparent to those skilled.in the, art. M. Gr opr ogessor
could be subsPPAURREPTHEFS B&é‘rﬂ“@n? Wgﬁt ﬁ‘k’%%‘ﬁ%i’s&oférﬂf’fﬁ?’é’g‘&e‘ﬁ%y
meter. The m QF flie YRArtyA, tiBHHEcknbR-shaY irods rddbriatoromluehd A bighdl Wor k
wi th and woul d al low the use of data |oggers and_ | aptop conputers. Qutput

of the m cropr odmtmtive ofthe build up of biafilge This signal weuld beyanaphifigd; andiapmpapt op
conput er or dat gl er. In an ' Laj i-an, ut er
hould be used t et oalBly THERbRE sl pBARE WBE bY Ykl FibredlA LR
antifoul ant to HhalEGmiheNotig 2 R nass o depbkiewouldimcraase, andwuotld stop when
programmed to a%euxi;ss%ggpsétsii gilfl?er chm%sgdegr%gfd%ogsﬁ tth Jh%lrlar as%o%?&ret | onal

viscoelastic properties of the biofilm can also be used to monitor biofilm fouling. By

Q

using either method, the paper machine would be kept substantially free of biological
growth. Because of the sensitivity of the:thickness-shear mode resonator, the
microbiocide would be added at a rate required to reduce biological growth and reduce
over-feeding the chemical. This would result in reduced chemical consumption.

A thickness-shear mode resonator would be installed on the interior wetted
wall of an industrial cooling tower. The thickness-shear mode resonator would be
calibrated to indicate mass deposition on its surface, and the signal would be amplified
and would be connected to a pump connected to a supply of commercially available
industrial microbiocide. The pump would feed biocide material into the cooling
tower. Upon noting microbiological growth, as evidenced by changes in the mass or
viscoelastic properties of the sample, the thickness-shear mode resonator would send a
signal indicating build up, triggering the pump and initiating the feed of biocide.

Upon noting -no further buildup or a decrease in buildup, biocide feed would be
terminated. By using the system, a cleaner cooling tower would be obtained, and less
biocide would be consumed and discharged over time.

The examples presented herein are not intended to be all inclusive of alt of the

various applications which the sensors of the invention may be employed. Those



change in the rate of solid deposition on the crystal surface. \Wen the
fouling rate drops to zero, the conputer would direct the punp to hold
constant_at its present punpstroke or to reduce punpstroke by a certain

percentage. In this manner, chem cal antifoul ant dosage woul d be
aut omat.i cal |y ﬁiﬁ d. The thi ckness-shear node r uld
al so be usef ul q’l%]b e'?scont rol of antifoul ants to other hydrg?zi;}ra%%)-}r?ld;wia’0

processi ng operations. As a further exanple, this hypot heti cal exanpl e
di scl oses the use of the thickness-shear n?%f resonator to control
antifoulant addition to the caustic wash system of an ethyl ene plant.

In an ethylene plant so called acid gases |ike carbon di oxide and hydrogen

sul fide are renoskilledin theartvellncadily detemmine thetdp gddition todeterminipg the eous

hydr ocar bon wit %E’H@rﬂ}é% i . On: 4 Se ] '9%3 a

| ocation in thhfgafg? cess c%@%%&laeﬁ‘ggﬁéﬁﬂgggg\%&ﬁ? }Znégg%gtgl}s%%to rsoﬁ;s?
pr:one to foul i noutilized for sadhadiverizcapplications ag detdrnpiving sy rateat which ah emalsioni ve

al dehydes |i ke acetal dehyde. Fouling,in t caust i.c_t.owe d assgci at ed
equi pnent can b@f&%ﬁﬂ?bﬁéﬁﬂwgﬁ?&@mqfﬁgﬁmwﬁra°*88Wﬁ’8?i’r=§?fﬁe£v | abl e
antifoul ants. | nepE0g whidhimifobiotile shdbRi Ke fod to nifel PRIALEE and Bz e at whith
determ ning the opti num dosage -of antifoulant required to reduce fouling to
an  accept abl e ¢hemigal treatmentshould beanplied ol 4 hygrocathon giram ta maimaindtsfluidity have
not been sati sf (it ] AY .{ enpt s have been nade to set antifoul ant dosage
based on the armﬂ%t 0 tfogéﬁefal dehyde that is fed to the caustic tower. In
one possi bl e confi guridaviggthus describet! burikvention, Wecsimaode resonat or woul d be
installed in the tower bottom fl uids. Detection of solids in the tower

bottons woul d be indicative of the amount of foul ant WO 97/ 36178
PCT/ US97/ 04726 _ -22-
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‘required to*elfnmi'nat"e s fouling in the caustic tower. The detecth

l[ittle, or no solids in the flow fromthe tower bottons woul d determ ne

the opti mum antyhoyseasy dosage. The hypot heti cal examperasetRlrRW
descri be the use of the thickness-shear nbde resonator to control fouling
in the processing of |ight hydrocarbon streans. During the

recovery of I|ight hydrocarbons in ethylene_p}ants, butadiene plants,

| soprene plants and the like, distillation towers and associ ated equi pnent
| i ke heat exchangers and reboilers are’%ﬁg by the thermal and/or

oxi dative pol ynerization of reactive o | i ke butadi ene. By placing

the thickness-shear npde rg h%ﬂﬁ@e{,i,ﬁﬁ?ﬁmﬁlﬁﬁn%fai i&éynﬁitiioﬁég%%bd{ nto

t he vapor space, beneath select trays e tower, the pro be

used to detect t{e higicaRlh CshtAherconthite shétPMib,Ned Y &R Gkind A8 to correct such
Traditionally this is a very difficult problemto detect until the

pol ymeri ¢ f oul anconditiopfwhich coniprises thydens@fn pol yner", has damaged har dwar e
wi'thin the tower. Popgorn I fr r bhase on the netal
surfaces in the towerg' Thipéﬁfﬁ%sésﬁ-g% S s&éﬁcc&@ggtbg&e\égg%ﬂﬁﬂgﬁ?@aw aced in

t he vapor space of tofeeiceisinebntac withitheflyid; fracti onators, depropani zers,
debut ani zers, and butadi ene purificatjon cglums._ The t hi ckness- shear

mode resonators woul Bbe SOREYOPyexctingthe 15heaT Brode fegonstor devicg.and
pol ymer in the vapor L -ﬁlﬁ%’ Vol H%ﬁ@ The
deposi tion of a thiﬁ%@ﬁ%e a %@%‘I m o (l)'%want'?gev%ﬁﬁg e %{eﬂtmect abl e
usi ng the oscill ator thickness-shear moderssonatoe deatroontput;l f f or mat i on of f oul ant
on the crystal was detected,  .the e dosage .V r phase .ant i.foul ant
coul d be adjusted accordi rf@ MO yb%@m&et%ggé%@geq@%ﬁmspk&e
antifoul ant requir ed- thitkfiés-shéar méaPREonator devideBabéd o thOftbdhehid, shift aidm ned.
Hydr ocarbon recovery towers also foul in the liquid and gaseous phases.

Pl aci ng the t hi cknessdasming volisgecompensnit 3pdthé®scri bed above into the |iquid
t bot t | dyhel | It
ower ottoms woul dphe %ﬁ&@g?fﬁ&:&ﬂ%ﬂé cBﬁlﬁﬁoﬂ&%&h%ﬁc}gﬂﬁg% of

bottons and in associated re ers. ese sensors cou

control the anpunt ofthefiti¢knesstsherr ntdde respmator devidebly taking lag attiondronbthe igoowp and
to the reboilers. These .additdives are usually different fromthose added
to control vapor phas‘?"f' %‘?fg al though the foulant is usually

i. activating or deactivating a chemical feed pump applying a
condition correcting chemical to the fluid;
ii. increasing the flow of fluid out of the system; or,
ii. decreasing the flow of fluid out of the system
2.  The method of Claim 1 wherein the quartz surface of the thickness-
shear mode resonator device is placed on the surface of the container containing such
fluid.
3.  The method of Claim 1 wherein the quartz surface of the thickness-
shear mode resonator device is placed into the fluid contained in the container on a
temporaty basis.
4. A method for the rapid determination of a fluid condition in a fluid

manufacturing process or during the storage or transport of said fluid, , and for taking
steps to correct such condition which comprises the steps of:
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Splc-lr;{ lUS??/ 24\7/!2!!:,!)! l’!’il’.’.’c’"ﬂluwer that is insoluble in the Ii Elu?lg REPLACED

hydr ocarbon. - Sonetinmes foulant is brought into a tower from

anot her source, Lder the addi tion of pyrolysis gasoline rLpary
fracti onator. I%g%g%cases, spent caustic is washed with pﬁ:g’ltngs"ﬁ)g;‘zgh51
gasoline to renove benzene fromthe spent caustic prior to di sposal of
the spent caustic. After the pyrolysis gasqline is separated fromthe
caustic, the pyrolysis gasoline is soneti “used as reflux in the primry
fractionator. During the washing of the spent caustic, aldol polyner is
formed by the causti @  dnseding intolthespytainer containing sych Hrdng thickaesstshedny de and
ot her reactive carbo ' ' r | | e
gumformed in this pp%%:dgzgsgﬁéstgf:dae?%gg%}gy%ggkﬁéﬁﬁa%%%@”%gé?%ﬂ"%ere
some of the gum pr ecirgdohstbedevize iinleantdotarith the fllidn the  primary
fractionator. Accurul ation ofglagum in,the prjpmary fractionator would lead to

a foul ed tower. PyrolBsiscopuypysheexcitingthethickness-shear mods resonatp dedesand o yng
to contain = as Mich digelridifdlfueiy thiAPind Wfipis vaAHRl doRfondnlf B 2l | ¥
can be adde elp contr

avai |l abl e di spersants to the gasoline to ol the
?ﬁpoii tion ﬁf t he gurﬂlibhleshdleprlgm?sonatb:dﬂv&de@nmlr): T[le_ pl acement of t Lhe

i ckness-shear node & esonat,or es.o .S U i nvent.i on.in the
process |lines returnitg rg?‘f‘m%@/@‘ii%‘ﬁ‘ﬂ‘m{he&’_‘ tgmodﬁ%s%“daﬁgu ¢ofthe
I ndi cation of the ambigknesd-st@akode redonatoy devicebased@a 3k frétpeicyshifiandResponse

fromthe sensors coul d_be used to deternjne the appropriate dosage of
antifoul ant requi r ed dagpinguolisgesompancnioprdifien.n the tower. Not only woul d

the sensors respond t th . G&ﬁfﬂ]&@n SOHE: %thzéa'ﬂfa&?{te’
but they would al so rlgspo%ocflt%ngt eéc an ese m@?@%&%??ﬁﬁ%f the pyrolysis
gasol i ne due to hi ghehe thickhesssshear moderesomtar dendcaliy takihg bh action girom the gtolop

l'i qui d. As stat.ed ahove, the thickness-shear node resonator can be
used for  nonitori ng°°f'ﬂ§m§r° Wt h of biofilmor "soft" deposits which cannot

be measured using  previ Qusl yadtivating sHaRadtiatig)sSdhemicil fet@PRhS Asplyifey | ces.
Anong the applications in aqueous systens that can be_nonitored using the

thi ckness- shear node resonat or conditipaicorrectiag chemiadl tptgdhidir ocesses where
m crobi ol ogi cal growth prgsent g0k 2818w of fluid out of the system; or,

Iii. decreasing the flow of fluid out of the system.

5.  The method of claim 4 wherein the quartz surface of the thickness-

shear mode resonator device is placed on the surface of the container containing such
fluid. |

6.  The method of claim 4 wherein the quartz surface of the thickness-
shear mode resonator device is placed into the fluid contained in the container on a -
temporary basis.

7. A method for the rapid determination of a scaling, corrosion or

biological growth condition occurring on a surface in contact with an industrial water
contained in an industrial water system, and for taking steps to correct such condition
which comprises the steps of:
A.  inserting into the industrial water a thickness-shear mode resonator
device whereby the quartz surface of the thickness-shear mode resonator
h\
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may al so represe anm WO 97/ 36178 .
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met hod in mst%&@.;lgsrl,senul sion breaking, the separation of anperiuspinans
froma water phasée, and other systens in which the different densities of
l'iquids can be detected by the thickness-shear node resonator device.
Because the thickness- shear npde resonatoj device can sinmultaneously
measure nmass |oading and fluid property changes such as density and
viscosity in contrast to the earlie .mogm d vi{:e circuits, side stream
sanpl i ng using the tlﬂe&sﬁé%‘g%%lwl%g%m L ¥8%Can be accurately used to
noni tor a mcrobiol oggcal fpitvolsly Bty theithicRidss-shedPmoddiresstidiap devied andt he

t hi ckness-shear node resonator is directly related to the growth of the
biofilmand may be useasuting themassomd yisgesifyidsnsity camponsainel theshicknsss-shear

control algorithns m%g‘g%ﬁ%‘%‘?‘\é%%%%t“g%m will ensure that the filmgrowh

rate remains within a W t hout t hi ckness-shear nbde
resonance devices, cogpon coatimplously deterniihing thelcgndition efithe quests surfave of the

techni que avail abl e. Coupon sanpling, however, requijyes obtaini .
conposi te sanpl e over thigkpessishrar modg \g"ﬁ‘g““%vﬁe‘ﬂ‘ifé?s%g’l“ t&%ﬁﬁ?ﬁ“@ﬁﬁ@ﬂ?ﬁ%@%‘?’s
as they occur. Real '%Wé;%ﬂéiﬂ&ﬂ afforded by the thickness-shear-node

resonator will enabl e these upsets to be rapidly controlled by changing
the chemical treatnmenD. do®atmously correcting thejcondition degcteriion the quanz suiface efwer |

Foul g The abi 11ty 15 HeEe 8 ripde e B ah JOUG 8 8 o,

fouling woul d enabl e gmgigtmg sl tower treatnent programto be optin zed.

The t hi ckness-shear node resonator described herein, d.as set forth in
i. activating or deact?vating a ghemu:ail feed pump applying a

condition correcting chemical to the industrial water ;
ii. increasing the flow of water out of the system; or,

ii. decreasing the flow of water out of the system.
8. The method of claim 7 wherein the surface in contact with the
industrial water is a cooling tower.
9. The method of claim 7 wherein the condition monitored on the quartz

surface of the thickness-shear mode resonator device is biofouling, and the chemical
feed pump adds a microbiocide or toxicant into the industrial water.

10.  The method of claim 7 wherein the surface in contact with the
industrial water is an industrial boiler.

11. The method of claim 7 wherein the condition monitored is inorganic

scaling, corrosion, and biofouling, and the chemical feed pump adds one or more
treatment chemicals selected from the group consisting of water soluble scale
inhibitors, biocides, and corrosion inhibitors.

12.  The method of claim 7 wherein the quartz surface of the thickness-

shear mode resonator device is placed on the surface of the industrial water system in

contact with the industrial water.

This Sheet Has Been Replaced




U. S. pat scribes an instrunment that sinultaneg y
mass acmmm‘ﬂ)“mmu ﬂﬂanges in fluid density-viscosity prf?ﬁl?.s ?S#AgiEEN
Lng

di fferenti*at fon- of* tShese two properties will allow proper d %@ﬁp

anti-scale treatnent chemcals and biocide treatnents to be optim zed.
The ability to sanpl e viscosity on-line would enable r =t
control of the %gill#l’lgxn of viscosity nodifiers for slurries. ﬁ@&ﬁ@“
nodifiers are added to slurries used in precious nmetals processing to
reduce energy consunption by punping equi pgent. The nethod of the present
I nvention woul d enabl e on-Iline WO 977 36178

PCT/ US97/ 04726 : - 25- control
of the addition of thk3e tTieahethod ofchdmiZoehesein temgartesuphieds e tdlickndss-r o

t echni ques descri bed above. ‘As an exanpl e, a thickness-shear node
resonat or woul d Bhear medesesandtop deviteds inserted| intoftheingustréal water system éma cont act

with the furnish beigi%{ sed. The thi ckness-shear node resonator woul d be
calibrated to re i ncrease in biofilmnmss occurring on the

surface of its quartzygr ysAg}emothHL@i?d&pegﬂ,ﬁﬁmO%D}g{éﬂrgéu}}&{&hoscﬁaﬁ ry

surface of the quartz crysta ness-shear sonat ot Wo

send a signal L el ' | E0f ] &h@n ' . d be
anplified, and ab%'lijH iér}sgrgg%or?gn%n%%és%tﬁ Fl;e}ra%g%dgm aﬁb%?gééﬁl t %/tvoul d
be started. The fnccedtacfwith abydtecarbondliiidi apd fori taking steps to nerrees such eomtition of

deposit woul d ingtease, and.woul st op when the mass of deposit either
decreased or hel Uhﬁcgﬁg?'gﬂfesﬂfensl{%gﬁfl ar fashion, the vi scoel astic

properties of the bi oAil M gladingh thivkhesséhedlmode Redtiatcy detiboiid the figidl | ng. By
usi ng either method, the paper nachi ne woul d be kept substantially free of
bi ol ogi cal contained in the hydrocarbon processing unit whereby the quartz surfx\i/ce of the
thickness-shear mode resonator device is in contact with the hydrocarbon;
B. continuously exciting the thickness-shear mode resonator device and
measuring mass and viscosity-density components;
C. continuously determining the condition of the quartz surface of the
thickness-shear mode resonator based on the mass and viscosity-density
‘components; and then, |
D. continuously correcting the condition detected on the quartz surface of
the thickness-shear mode resonator by activating or deactivating a chemical
feed pump applying a condition correcting chemical to the hydrocarbon
processing unit,
15. The method of claim 14 wherein the hydrocarbon processing

equipment is a compressor, reboiler, heat exchanger, purification column, hold vessel,

or reactor and the chemical feed pump applies a fouling inhibitor.
16. The method of claim 14 wherein the hydrocarbon processing

equipment is selected from the group consisting of hydrocarbon processing units
producing alkenes and alkynes, and the chemical feed pump applies one or more
ingredients from the group consisting of fouling inhibitors, corrosion inhibitors, and
antifoams.

. 17.  The method of claim 14 wherein the hydrocarbon processing
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gr owt h. nsi tivity of the thickness-shear nDge~=eSORat-Ofummmmm——
the m ﬁm " l be added at a rate required to redu¢dHiS SHEGT HAS BEEN

growt h a “feeding the chenical. This would result iREML.AGERed
chemi cal consurrptlon A t hi ckness-shear node resonator woatd be
instal | ed on tRe, Lpphel O wetted wall of an industrial cool ppgkPwRhe The
t hi ckness- shear m) e resonator woul d be calibrated to indicate nass

deposition on its surface, and the signal would be anplified and woul d be
connected to a punp connected to a supply gf _comercially available

i ndustrial mcrobiocide. The punp would feed biocide material into the

cool i ng t ower on notln b|oIo | cal nce

changes in the nﬁ‘»’g’ tiss ?/lf*g%‘g%? #88%?‘1’%&’3“%&?%@0 5#&?? qﬂg

thi ckness-shear gglRingabRBR, wrymwd 8116 adld, allsil gérilates, iyt ehlofige, Buiiatiidng)p,

triggering the punp and initiating the feed ‘of Dbi oci de. Upon noting no
further buil dup mdl‘@merease i n buildup, biocide feed would be

term nated. By using syste a_cl ean cool i r woul d, be obt ai ned,
and |l ess  biocide G'é w%dﬁée%hfﬂh%néhﬁg'dw\égmwm unit

The exanpl es presented h el n& ed e all_inclus al |
of the var i oUNOHSHES {Bﬁ Q ﬂ&ee? EHEBA Bg‘b?°f'ﬁ8f‘?‘ﬁ&7é’#§'?%ﬂﬁ%€?f"
enpl oyed. Those the group consMnQ 3f f301inBinhibitors, corrosion inhibitors, scale inhibitors, and

PCT/ US97/ 04726 - 26- skilled

inthe art will 3mdifeamsy deternine that in addition to determining the rate
of fouling of hydr rbon sys and trolling suc g, the
sensors may al so be Qfﬁ'tl 5k Eé‘ﬂmpg l‘ﬁwgw@éh%\%%r‘wg?qc ELEQ‘Mm ni ng

the rate at vvhic emul si breas iyN t he resul t.ant
real -tinme contro %‘%UIFS?P%H" dsvics iR acfegga aceo&‘ eglyg‘f TLRrocessing
m cr obi oci de ShOéduﬂm‘i&ﬂt.f ed to finished products, and the rate at which

20. The method of claim 14 wherein the quartz surface of the thickness-

shear mode resonator device is inserted into the hydrocarbon processing equipment on
a temporary basis.

21. The method of claim 17 wherein the thickness-shear mode resonator
device is placed on the surface of the hydrocarbon processing unit.

22. The method of claim 16 wherein the thickness-shear mode resonator

device is placed on the surface of the hydrocarbon processing equipment.
23. A method for the rapid determination of a viscosity-density or

viscosity/temperature condition of a hydrocarbon fluid and for taking steps to correct
or modify such condition which comprises the steps of:
A.  inserting a thickness-shear mode resonator device into the hydrocarbon
fluid whereby the quartz surface of the thickness-shear mode resonator device
is in contact with the hydrocarbon;
B. continuously exciting the thickness-shear mode resonator and
measuring mass and viscosity-density components;
C. continuously determmmg the condition of the quartz surface of the

thickness-shear mode resonator based on the mass and viscosity-density

ThlS Sheet Has Been Reﬂ
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chem cal applied to a hydrocarbon streapionainlaiRe——
its fluidi t|mlllg&“ Imguh(rmmoul i ng. Havi ng thus deSqcTHISSHEETHAS BEEN

i nventi on,
nethod for the rapid

growt h condi tiqn ring on a surface in contact with an i g,g gﬁ_%zg
wat er cont ai neav‘?%’%cfﬁsl ndustrial water system and for taki ng @ 2
correct such condition which conprises the steps of: A i nserting a

t hi ckness-shear npde

t hi ckness-shear node
t hi ckness-shear npde

CLAI MREPLACED A

det erm nat ion of a scaling, corrosion btetogre

i

resonator device into the industrial water whereby
the quartz surface of the thickness-shear -Xvde resonator device is in
contact with the industrial water; B. continuously exciting the

componentsyand thei ce and measur | ng the output of the

conmponents of the mdugte?lgﬁe}ﬁlh&gstler%ﬁc%ﬁf%ﬁl t%ﬁd?%g&tékl ng&s'}s‘ gﬁgzlrty

mode resonator devi (aetwauﬁgordeammmnglmuhén}icalﬁedlpnmpiammgecomﬁdmﬁ|on of the
i ndustrial water contact g t he géjﬂ&hz sur f of the thickness-shear
g chem aghog

resonator devi ce bafeyed]

sai d. i ndustri al
condition of said in

ty- denS|ty conponent s of

{r 736 gt

container selected from the group consisting of a hydrocarbon processing unit,

hydrocarbon storage tank, pipeline, or transport vessel.

25. The method of claim 24 wherein the thickness-shear mode resonator

device is placed into the container holding such hydrocarbon fluid on a temporary

basis.

26. The method of claim 24 wherein the thickness-shear mode resonator

device is placed onto the surface of the container holding such hydrocarbon fluid.

27. A method for the rapid determination of the condition of a

hydrocarbon/aqueous fluid mixture contained in a container, and for taking steps to

correct or modify such condition which comprises the steps of:

A. inserting into the hydrocarbon/aqueous fluid mixture at least one
thickness-shear mode resonator device whereby the quartz surface of the
thickness-shear mode resonator device is in contact with the
hydrocarbon/aqueous fluid mixture;

B. continuously exciting the thickness-shear mode resonator device and
measuring mass and viscosity-density components;

C. continnously determining the condition of the hydrocarbon/agueous
fluid mixture based on the mass and viscosity-density components; and then,
D. continuously correcting the condition of the hydrocartbon/aqueous fluid
mixture by activating or deactivating a chemical feed pump applying a
condition correcting chemical to the hydrocarbon/aqueous fluid mixture.

28.  The method of claim 27 wherein the hydrocarbon/aqueous fluid

mixture is contained in a container selected from the group consisting of crude oil

This Sheet Has Been RTlaced

node -

an Al ge? ¢laim ZP wheremqge hylayo%gr%ox ﬂm%rlg gocnttzlxt? 1}1 ge




- T TTT———

I n cont act urface of the thickness-shear nod [esanat-or
coures by AMNNEIYAN or 5 bup constoer e’ ot s srar ks eeen
activating or JeattiVats ng a chem cal feed punp appl yi mgpRACED
condition correcting chemcal to the industrial =Y

ii. increasin ow of water out of the system or, rusy7iohm2e
Qﬁpﬁ‘“{# The rrgﬂl'uod of claim

decreasi-ng the ow of wat'er out of the system 2.

1 wherein the industrial water systemis a cooling tower. 3. The
met hod of claim1 wherein the condition mogitored in the industrial
water in contact with the quartz surface of the

28

. . thickness-shear node respn r ,device i
bi of oul i ng, and qeﬁlg.lﬂﬁcatlorf vessell(s,cru eox?ﬁea I’irgﬁf”éa‘fm&e"éat&_ﬁﬂﬁ'ﬂﬁ %ﬁsetgylene
m crobi oci de or d,@xihGRir thwdr§, dilifon steam generating systems, hydrdegiboh ktofige ViRke" -

4. The method of claim1 wherein the Industrial water systemis_ an
i ndustrial boi | didrocarbon transport vessels, waste wgter clarifiers, easieorptesfreatimeptamitsiher ei n

the condition of i adu ' ) ) ter monitored is
sel ected fromt ﬁghg‘% tmg &%ﬁ%ﬁoﬁgm&mﬂa} w‘g’é’#ﬁ@ vid sump¥.”

oUp tonsi s I nor

scaling. corrosion 2 Dirgl Midthbd of clfiae herdifl HE duditz suffeth RHAPHRANs-

one or nore treatnent 6hem Cf'i| S Se ept e. e group. COﬂtSI SFI pg
of water sol ubl gnéf fode rébhdidridevise isthRbdi@fio ﬂr%@drffc@bfﬂx’é}c@iﬁih&*ﬂoﬁtahﬁﬂgs-
e

6. The nmethod of claim1 wherein the quartz surface o
t hi ckness- shear sneivhydresathonfagueousfivid mixwresount ed flush with the

30. The method of claim 28 wherein the quartz surface of the thickness-
shear mode resonator device is inserted into the hydrocarbon/agueous fluid mixture on
a temporary basis.

31. The method of claim 27 wherein two or more thickness-shear mode
resonator devices are utilized with at least one of such devices being positioned at a

location to detect the presence of an aqueous phase and at least one of such devices

being positioned at a location to detect the presence of a hydrocarbon phase.

I
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surface of the i F 'tsq-[EE$7temthrough whi ch the industri al
- wat 8 pdsses and tégﬁrﬂﬁMEw°

1 surface of the thicknes
resonator deviceliq in contact wj|th the indus&ri al %Eﬁ%%f\ﬂ- SHEET
7. The net hod c1@BrdUN B eiln Lt he quartz Surface of the

t hi ckness-shear lvilce is inserted into the industri al
wat er system on aj t'€npora

the rapid determpaflon. of Sk ,'corrog*'éH\,AS _
scal e, or biological gromh condition occurring on the surface of a
hydryocarbon processing unit in contact with a hydrocarbon fl uid

and for taking steps tad.cArmethodfwitheoragid determination ofrarseadingt herrosion or
steps of: | aci ng a t hi.ckness- shear .nmo

. . A s de .
resonat or device into Piplogicgl growth condition occurring on.g sHEfARA 4N CANT3RT with
hydrocarbon processi ngaHnhbydBei Patet REnfHALd I an.industrial water system, and for

8. A met hod f or

surface of the thickness—shear—ode—resonator—device TS TIT Contdact

wi th the hydrocarbon; taking steps to correct such Bonditivonwhidocsinpriszs ithe stegshe
t hi ckness-shear node resonator devi ce and neasuring
the output of the thi cléfiess- shear node resonat or

: gSVi ce as the mass and A’.i ffﬁ% é%ﬁ'\geygé igxngﬁﬁ%ﬁ%ﬁdgfres%natog ldev%'ce into the

t hi ckness-shear node industrial water whereb¢3R8afuartzdittas of the thickness-shear
C. continuously determning the conditions of the h%_ﬂrocar bon_

fluid contacting the quapds rseenates devicenis inAoEkaRlsy ey inAHakial M318At or
based on the mass and Vé.scoségr}/ﬁrgu%rbssll\} Xx&%%oﬁp\%rﬁ'\?c!&fess-shear mode resonator

device and measuring the gutput of the thickness-shear mode

resonator device as the mass and viscosity-density components of

the industrial water in contact with the thickness-shear mode

resonator device:.

C. continuously determining the condition of the industrial water

contacting the quartz surface of the thickness-shear mode resonator

device based on the mass and viscosity-density components of said.

industrial water; and then,

D. continuously correcting the condition of said industrial water

in contact with the quartz surface of the thickness-shear mod

resonator device by taking an action from the group consisting of:
i activatin'g or deactivating a chemical feed pump
applying a condition correcting chemical to the industrial
water;
ii. increasing the flow of water out of the system; or,

iiti, decreasing the flow of water out of the system.

2. The method of claim 1 wherein the industrial water system is
a cooling tower,
3. The method of claim 1 wherein the condition monitored in

the industrial water in contact with the quartz surface of the

* c L L] H *



said fluid; and then, | D. continuously correcting the
conditidn of the hydrocarbon fluid contacting the

. quartz surface of the thickness-shear m28e resonator
by activating or deactivating a chem cal feed punp applying a
hydrocarbon fluid condition .correcting chemcal to the hydrocar bon

processing unit. The ngt hod 0 | aj. m 8 rein the.
hydrocar bon processi ngthickness-shear mode reso an iler,

heat exchanger, purifigalid,@) $9dd'Blmp adds a microbiocide or tcﬁé?éeﬂwt“ﬁ*ﬁﬁﬁ'{e or
reactor and the chem cat—teed—punp apptTes a foulrng

i nhihitor industrial wafer, The nmet hod of claim8 wherein the

hyd BRtEN rSHEE”ﬁs n unit is, selected fromthe grou
RERLAC P ,a?ﬁon The method of claim 1 whe{g&@_‘@gmf@_\g&@algt@g&
and %lg @Eggﬂ ﬁ%: feed punp applies
I ent ) P consi sting of
b Cokl 0Si qhel MBtHYUC Bf Slaidnt vadrefroeiE condition of the industrial
El ai m 10 wherein the thickness-shear node

A pl avatdr omoniteredus fsaha@teﬂ frare the @rewp cesaisting of inorganic
processing unit

hydr ocar bon pr ocessi ngScaling, corrosion, 34 bidt r('a‘l’f HS;[ g"%éﬁ%@ e%l %l%e@@%@%ﬁ ﬁQS

consi sting of hydrocareR or more treatment chemickQeRftbadrdithe g?b@p“'%h@&tmg
~styrene, acrylonitrile, acrylic acid, alKkyl acryl ates,

~vinyl chloride, butaki @ie~ataa1dsqltstpiermbe inhibitors, biocides, and cortosion Tmhibitors.
~method of claim12 vvhereln t t hi ckness-she
'resonator device is pl&e flﬂl"h mATPA G %’Ul—f—a‘ﬁ’gofﬁ‘nttﬁﬁ PRS- the

processing unit and thepquartz FLE Al PleddhBts NG AHBE IS mRNFRES TRER with the

surface of the industrial water system through which the industrial

T PO QD 0

water basses and the quartz surface of the thickness-shear mode

resonator device is in contact with the industrial water.

7. The method of claim_1 wherein the quartz surface of the
thickness-shear mode resonator device is inserted into the industrial
watef system on a temporary basis. | |
8. A methaod for the rapid determination of a fouling, corrosion,
scale, or bioclogical growth condition occurring on the surface of a
hydryocarbon processing unit in contact with a hydrocarbon fluid
and for taking steps to correct such condition which comprises the
steps of:

A. placing a thickness-shear mode resonator device into the fluid
contained in the hydrocarbon processing unit whereby the quartz
surface of the thickness-shear mode resonator device is in contact
with the hydrocarbon;

B. continuously exciting the thickness-shear mode resonator

device and measuring the output of the thickness-shear mode

resanator device as the mass and viscosity-density components of

* C L M S *



30 . resonator device is in contact with the hydrocarbon
. flui*d cont ai ned in thg hydrocarbon processing unit.

14. The method of claim8 wherein the hydrocarbon processing

unit processes crude oil and the chem cal feed punp applies one or

nore hydrocarbon fluid correcting chem cals fromthe group consisting of
fouling inhibitors, corrosion inhibitors, scale inhibitors,

and anti f oans. the hydrdearbon ffluid if fventadttheithofhecthitkneS swiheaeibdene
quartz surface of the . t hi ckness-shear node resonat or
device is place flush "GFQMaORgevice; surface of the

 hydeeear-borT-pPreesst nge uni t Z.; face ... of
t eBEPﬂL/’&EP{@yg- : irr node recs%ﬁg’tutgpgygg%éﬁ@%m?i‘.ﬂ?gﬁ.gydmca'b°”
f ljuifg—cont ai ned i hefldig dromt at oy thid Q8RS I SigfdRi 4. the thickness-shear made 1 6.

The |\meg ROA)IOMI9I aijm|8 wherein the quartz surface of the ]
t hi dkneSs-shear ndd r'ésonatasPagediarethomasstand wisceosity-deosity somapnents of

i n{ the—rydrocar bon pr N ' a tenporary basis.

17 A met hod _for Osfa%ﬁ'_ '_ %HEHI‘{I’]I?%;HOH of a viscosity-density or

Vi $eosTTYT 1T enper at ur e Dondi éerihuushy Bydeeaag IRE cohditthradflthdhydrocarbon fluid
taking steps to correct or nodify such condition which conprises

the steps of: contacting the quartz siréacd nfjthe thickhesmshedrenndemvesonator

resonator device into the .. .. . hydr ocar bon, fluid ereby the
quartz surface of the l%\hiagwgggggﬁggpctwatmg 2 Uemical ey RYTE PRRIYAG Dr

device is in contact Vﬁ*&ioﬁ:ﬁ?o&ﬁ’ﬂﬁi@ic@ér’iﬂmoﬁl rfbcting chemnical to the hydrd®arbon

cont i nuousl y-exciting € Thrckness-shear node resonator and
measuri ng the output ofrosgssinghurgkness- shear node resonator device

as the mass and viscosijty-density, co ents, of the hydrocarbgn .
f1 ui d; 5. C?Re 'B%WPF%%EWE&WW&W}%%CE&% RrOSRSeNg

t he hydrocar bon unit is a EbHi /bbllet MR Gl cWhh Hed : rface
of the thickness-shear—mode compres et resoﬁat% b sé@&gﬁgtai%%n%gé
and viscosity-density boldpesssel,sor readtor and the chemical feed pump applies a fouling

inhibitor.

10.  The method of claim 8 wherein the hydrocarbon processing
unit is selected from the group consisting of hydrocarbon
processing units producing alkenes and alkynes, and the chemical
feed pump applies one of more ingredients from the group
consisting of fouling inhibitors, corrosion inhibitors, and antifoams.
11.  The method of claim 10 wherain the thickness-shear mode
resonator device is placed on the surface of the hydrocarbon
processing unit.

12.  The method of claim 8 wherein the hydrocarbon processing
_unit is selected from the group consisting of hydrocarbon
processing units producing styrene, acrylonitrile, acrylic acid, alkyl
acrylates, vinyl chloride, butakiene, and isporene.

13. The method of claim 12 wherein the thickness-shear made
resonator device is place flush with the surface of the hydrocarbon

processing unit and the quartz surface of the thickness-shear mode

\
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t hen, 31
. D. * continuously correcting the condition of the hydrocarbon fluic

by activating or deactivating a chem cal 3@eed punp applying a
. condition correcting chem cal to hydrocarbon fl uid. 1
8. The method of claim 17 wherein the hydrocarbon fluid is contained in a
contai ner selected fromthe group consisting of a

hydr ocar bon processi nepsoniatsr Haee ¢ besntdc@nagn th@ﬁhdr@thé?ﬁbhrfﬁud%ntamed

transport vessel. 19. The nethod of claim 18 wherein
the thi ckness- shear nisuthe hydrocarbon processing unitesonat or device is pl aced
into the container holdi ng-such drocarbon fluid on
a tenporary basis. (1 The method of claine8 wheyei W%BHE"&C%‘P%{’ Rrocessing
wh

uBRESHocBBEES crude oil and the chemical fee@8SAMRbUppHEY iohe &5

surface of the container
ng such hydr baoref hydrdcaribnt ﬂeudqcmretztlmgmhamabi ftdme the group
t t t. wit
KPOERJaNoBEn T SRULEHG o IaUIRG iy e Tere s e btors,

%ﬂadaﬁﬁf%'an@‘ a

hyldr ocar bon/ aqueous §fl uid m xture contained in a container, and for

t aki ng steps to correct5.or Thedieghsdiolf ataind 8t ivbereihithé qmﬂmrénﬂ'%ce of the
the steps of:

thickness-shear mode resonator device is place flush with the

surface of the hydrocarbon processing unit and the quartz surface

of the thickness-shear mode resonator device is in contact with the

fluid contained in the hydrocarbon processing unit.

16.  The method of claim 8 wherein the quartz surface of the

thickness-shear mode resonator device contacts the fiuid contained

in the hydrocarbon processing unit on a temporary basis.

17. A method for the rapid determination of a viscosity-density or
viscosity/temperature condition of a hydrocarban fluid and for
taking steps to correct or modify such condition which comprises
the steps of:

A. inserting a thickness-shear mode resonator device into the |
hydrocarbon fluid whereby the quartz surface of the thickness-shear
mode resonator device is in contact with the hydrocarbon fluid;

B. continuously-exciting the thickness-shear mode resonator and

measuring the output of said thickness-shear mode resonator device

as the mass and viscaosity-density components of the hydrocarbon
fluid;

. C. continuously determining the condition of the hydrocarbaon

fluid in contact with the quartz surface of the thickness-shear mode

resonator based on the mass and viscosity-density components; and
then,

R
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A inserting into the hydrocarbon/aqueous fluid mxture at |east

one+t hi ekness-shear node resonator device whereby the quartz

surface of the thickness-shear nodé resdhator device is in contact

wi th the hydrocarbon/aqueous fluid m xture; . B.
continuously exciting the thickness-shear npde resonator

devi ce and neasuring the output of the thickness-shear nade

resonator as the nmassDand véostmsdusyy denrectisigahaponditich of thékydrocarbon fluic
C. continuously determning the condition of the

hydr ocar bon/ aqueous  fPYiAgtiNRHRGQE deasBiating hehefRisal tard Pump applying a

viscosi ty-density compongnty Ofrreidind MVIhRGREE RSHERRES ﬂfu.d“

m xture; and then,

continuously cornegcti maetrhetHuNgf tiapA ©f M@eiﬂyﬂfeqe@drla@a/bon fiuid is
e by activating or deacttvating a chem cal feed

| tPotrined ireetdongaiokeseleated fromhchdgiour apheiating of a

drocarb . 2%. Tae met hod,t Orf claim 21 lWherei n
‘ﬂ@o@ﬁw que oG¥ ocarbon processing untt; RyErafRReR 8191898 JATy MEgTH o
flr eBnsB8 Oy &uLaI consi sting of crude oil demulsification
eat er treaters, crude oil desalting
cH Qat dihet methad of claim 18 wherein the thickmesseshesr enode
ge hydr ocar bon staqr

age tanks, . .
hydr ocar bon transport TRRIPE deyjcetis R%%?%f‘”&?él"?ﬁ°é‘@‘,‘%\ﬂ%‘ld§‘%?g?
treat ment units, Set-“Hy'agoEé'arBEﬁ f&\@&%ﬁ]@téﬁnﬁ a%g tal working
. 1€ ne [

fluid sunps. : ‘aim 22 wherein the
quartz surface of the 20. The method of claim 1_8_where|n the thickness-shear mode

eh

resonator device is placed flush with the surface of the conztainer

holding such hydrocarbon fluid and the quartz surface of the

thickness-shear mode resonator device is in contact with such

" hydrocarbon fluid.

21. A method for the rapid determination of the conditicn of a
hydrocarbon/aqueous fluid mixture contained in a container, and for
taking steps to cbrrect or modify such condition which comprises
the steps of:

A. inserting into the hydrocarbon/aqueous fluid mixture at least
one thickness-shear mode resonator device whereby the quartz
surface of the thickness-shear mode resonator device is in contact
with the hydrocarbon/aqueous fluid mixture;

B. continuously exciting the thickness-shear mode resonator

device and measuring the output of the thickness-shear mada

resonator as the mass and viscosity-density components cf the

C. continuously determining the condition of the
hydrocarbon/aqueous fluid mixture based on the mass and
viscosity-density components of said hydrocarbon/aqueous fluid

mixture; and then,

(R R



t hi ckness-she&"'node resonator device js inserted flush with the

surf ace «of the container containing such_hydrocarbon/aqueous fluid

m xture and the quartz surface of the t RPckness- shear node

resonator device is in contact with such hydrocarbon/aqueous fluid

m xture. . 24. The nethod of claim22 wherein the quartz
surface of the t hi ckness-shear node resonator device is
inserted into the D.  continuously cofrgdtingahemuradificvas the bivdranaxbem/e on a
tenporary basis. nmet hod of, cl.aim 21 whergin t wo

. . 25. The |
or nore thickness- shadyeous fluid mixture g‘/ actvating ¢ledeRrtivatingeR FRermical deed

utilized with at le n : - . ) i : _
bositioned at a | cht?l?rg% f%ﬂgm%“&'&onﬁletlon correctm%fchgrrv]wltgé?"tbctﬂé HR&r&arbon/

etect t presence
agueous phase and atateesis ol ofixtaweh devi ces being positioned at
a location to detect 2t2he Lesen{:he doffa' hyd£1ocakr1bon Phhaﬁed carbon/ qV\AD
=7 - . . e methad of claim wherein the hydrocarbon/aqueocus
CREPLECENENT, SHEET

enul sification e sfe‘r‘ssd, mé’r“d“c‘i'% 'soFPnBaé'é?%rin tarceantg'rns?,r sglre&aeed griol:ﬁa%%glrw%g
nijt SO Sailiy 1109% ueBAkistiAg It draderdil détnLibifieatidrt QastelenGruatidiichegtat ens,
ydr ocar bon stordgq tanks, lz%e]drpcar bon transport vessels, waste water
| arTTTers, waste Jateatersesiudanpil desaling uriss.t ¢thylpneaseEnchavalenio s,

wherein the quartz !séi'rlgg§§r%%’f'h%e'}eﬁiagﬂﬁéggzem;—'hgﬁé%tpg%o g%‘%é@%ﬁ%@%’devi ce

is inserted onto thengHrd@drBoRftrdfdporPUESIET Wastd ¥ dtbRBlarifieks;fwaste water
hydr ocar bon/ aqueous fluid m xture.

treatment units, settling tanks, accumulatars, and metal working

fluid sumps.

23. The method of claim 22 wherein the quartz surface of the

thickness-shear mode resonator device is inserted flush with the

surface of the container containing such hydrocarbon/aqueous fluid

mixture and the quartz surface of the thickness-shear maode

resonator device is in contact with such hydrocarbon/aqueous fluid

mixture,

24. The method of claim 22 wherein the quartz surface of the
thickness-shear mode resonator device is inssrted into the
hydrocarbon/aqueous fluid mixture on a temporary basis.

25. The method of claim 21 wherein two or more thickness-shear
mode resonator devices are utilized with at least one of such
devices being pasitioned at a lacation to detect the presence of an
aqueous phase and at least one of such devices being positioned at

a location to detect the presence of a hydrocarbon phase.
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30. The nmethod of claim28 wherein the quartz surface of the thi dERSsQI-9
shear node resonator device is inserted into the hydrocarbon/ aqguedbsSf | CORYH

‘m xture on
wherein two or
| east one of such devices being positioned at a

Wi th at

a tenporary basis. '

nore t hi ckness-shear node

31.

The met hod of claim 27

resonator devices arggttilized

detect the presencpeef an aquequoiias frdiltadiut SRRt Of suc NI ces

bei ng positioned

phase.

ocation to det edwemgtoeal Byietsence of a hydrocar bon
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(57) Abstract

Thickness-shear mode resonators which simultancously measure mass depositidn and fluid propertics can be ntilized to monitor

petroleum processing, petrochemical and water treatment systems.

Specialty chemical additive materials can be accurately and

instantaneously added to control conditions detected by the thickness-shear mode resonators. The thickness-shear mode resonators are
piczoelectric crystals used in conjunction with oscillator circuitry that can determine mass as well as viscosity and/or density of a fiuid in

contact with the piezoelectric surface.




