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CHLCRHBE MONI TERMFNGAPPARATUS AND PRCCESS Frerd of "the Tnventrion
The present invention relates to a nmethod of and 5 apparatus for

noni toring the presence of chlorides in a | i quid, discontinuously
but at freqWO6/24886er val s. One particul ar applicati oPCKPSHM8EOHet hod
and apparatus is I n the analyzing of process waters containing

sul phi des, hydrocarbons and other pollutants in the 10 presence of the
cht ori des bei ng nonitor ' | trolling the
dosing of a conditioni néﬂm&fﬁﬁ:mﬁlq% ﬁpﬁ\gn%‘&ggexgﬁv%%é)?ﬁggprocess

wat er . Prior Art 15 In the oil refining and petrochem cal s

i ndustri es, .hydrochl oric acid commonly occurs and is-a corrosive
product found inE%%ia—Sg—Fﬁ%JEﬁgﬁg%%nhaters As di scl osed in

US- A- 4942133, once t hgnghbpeséler i Givention ¢RNLEBE 8 a%&é& dPand here is
a very pronounced 20 increase in the corrosion in the water circuits.

It is 5 thereppazatupofenmonitaniag the pripsende ebreeinridesrin a2 so
analysis of the g he&ade Eé’é‘&?{ﬁtn&&%&gf Put %‘c"‘% Pefuent intdlials ofy the
e €es ec

corrosiveness of pf 0CesS™ Wa i VE COﬂth

be exercised oveparbicidbar appliddmioroiofc ahei meehodgaﬂdiohﬁpamwdls as

causti c, . . < s
in the analyzing of process waters containing
sulphides, hydrocarbons and other pollutants in the

10 presence of the chlorides being monitored, for example
with a view to controlling the dosing of a conditioning

additive to the crude or to the process water.

Prior Art

15 In the oil refining and petrochemicals industries,
hydrochloric acid commdnly occurs and is a corrosive
product found in most of the process waters. As
disclosed in US-A-4942133, once the chloride ion
content is above 10 ppm, there is a very pronounced

20 increase in the corrosion in the water circuits. It is
therefore important to know the chloride concentration
so analysis of the chloride content therefore gives a
measure of the corrosiveness of the process water and
enables effective control to be exercised over the

25 addition of conditioning additives such as caustic,
corrosion inhibitors, or neutralizing agents.
Unfortunately, sulphides are often also present in
those process waters, and the presence of the sulphides
would hamper the analysis of the chlorides so it is

30 necessary first to transform any sulphides present into

products which do not interfere with the chloride



corrosion inhibitors, or neutralizing agents. Unfortunately,

sul phi des- are often al so-present in — t hose~proctess waters, and the
presence of the sul phides woul d hanper the analysis of the chlorides
soit is 30 necessary first to transform any sul phides present into
products whi ch wo9s4sé nterfere with the chloride WO IBCRUSIHH080S
PCT/ US96/ 00805 nmeasurenment, and preferably to renpve them before
measur ement occurs. In control |abpratories of processing

pl ants such as_the oil refinin chen1ca| dus inb5
particular in conneé??aosﬁ“re“{eﬁmhy&gg‘cgrgg%r%’eig emoﬁ'e chen %%#%’ﬁ%s such
as colums for di st indadsureniemte occurs. petroleuns the | aborat ory anal ysi s
of the chloride content is 5?#ed out, usu once.a da and the

anal ysis itself takes a SiyMORtERh: LpPREateFies e egging plants sgych

G ven that the sanplgs e 'éﬁe'rkfiﬁkﬁ?aand petrd¥ibniiici Eﬁdﬁgéfbeé hein

| aboratory after having been | ected, the results of the anaIyS|s

are usually 3  awrattisidaghip fgnnegtsonfw:et?h thelrogapbongdiagillation

sometimes only 30 hq f%ﬁﬁé ﬁéghgssggyhhgg éqgéﬁillngcggéﬁé extrene
roI ni-qae

difficulty in applylng an on- roper corrosion

protection of gﬁuxuienmmateheplahbraemmyranahyéﬂsequenhg ohbat ide t han
once per 24 hours, and al so .a res on e tine ch | ess h%Q %9 hour s.
20 US. A. 204 FPPE SRt 4%, SBZ TReR oA n‘Eﬁ)‘g’Lﬁ]ﬁ? Shsss 2 day, the

analysis 1tself takes a significant time, of the order

10 of 2 hours. Given that the sample may itself take a
long time to reach the laboratory after having been
collected, the results of the analysis are usually
available only 12 hours after the sampling and
sometimes only 30 hours after the sampling, which

15 causes extreme difficulty in applying an on-line
control technique. Proper corrosion protection of
process water plant regquires a frequency greater than
once per 24 hours, and also a response time much less
than 30 hours.

20 US-A-4942133 discloses a continuous process.

FR-A-2342496 discloses a continuous process in

which the monitoring of halide ions in the presence of
hydrogen sulphide (H,S) and other sulphides is effected
by first destroying the H,S and/or other sulphides by

25 oxidation.

Objects of the Invention

It is an object of the present invention to
provide for the analysis of the chloride content in

30 process waters whether or not the presence of sulphides
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can adjust the injection of a chemical, such as a
caustic or a corrosion inhibitor or a neutralizing
agent, as a conditioning additive either to control the
chlorides content within a target range or to protect

the system against corrosion.

Summary of the Invention
Accordingly, one aspect of the present invention

provides a process for analyzing the chloride content
of a liquid, comprising: stripping hydrocarbons and
hydrogen sulphide from a batch of the liguid; reacting
the liquid batch with an oxidizing reagent to oxidize
HS and S ions into sulphate ions, and to lower the pH
of the liquid to be analyzed; and then analyzing the
chloride content of the products of the reaction by
ionometry.

Preferably the process may include the steps of
adding a conditioning additive to the liquid, and
adjusting the dose of the conditioning additive in
response to the chloride concentration determined.

A second aspect of the present invention provides
apparatus for analyzing the chloride content of liquid,
comprising a stripper to receive said liquid to be
analyzed and to strip compcounds from the liquid by

passing stripping air through the liquid; a reactor

hydrogen sul phide (Herr[S) and
by first destroying the Herr]S and/ or

provi de PETUSHO0R,| yvsi s

esence

S

of any
ust

as_ a conditioning _additive either

t he ]iPt°m§HﬂQ9i1§é@EééﬁFGnPhﬂn?kﬁ?F%P?zﬁﬁ?ﬁ?nﬁaﬁﬁeaﬁy to pr
the system agai Nedodeddd Qlt¥ds, with an adjustable frequency., and which

ot ect



Summary of the Invention

i nvention 15
of a liquid,

conpri si ng:
froma batch of the |iquid;

Accordi ngly, one aspect of the present

provi des—a—process for—anal yzing-the chl ori de Tont ent

oxi di zi ng r eageWD 962408&i di ze

lons, and to |lower the pH 20

analy2|ng t he
i onomet ry

i nvention provides reage%ﬁuﬁﬂ%ﬂﬁﬁ?°F&PnaWéF§z?

l'i quid,

PCT/ US96/ 0080

receive the reacti onp5

neans

stri ppi ng hydrocarbons and hydr ogen sul phi de
reacting the liquid batch with an

HS[err] and S[err] ions int 8BCTAS808

of the liquid to be analyzed; and then

chl ori de content of the prgducts of the reaction by

addi ng a COﬂdItIOﬂIﬁ%e%d%Pt é&epﬂg §§§3§t5&%F§% cyq%ﬁ%ﬁ??fhggfhgfdose

of the conditioning Q@Hi;bpees liuid andr assanemﬁ@cﬁéte hlaOGudply of
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iquid being analyzed; and

control means for controlling the charging and

discharging of

successive batches of liguid in said

stripper, the reaction in said reactor vessel, and the

ionometry operation in said ionometry cell, all in

batchwise manner.

ripti

£ rawings

In order that the present invention may more

readily be understood the following description is

given, merely by way of -example, with reference to the

accompanying drawings, in which:

FIGURE 1 is a schematic view of analyzing

apparatus for effecting the chloride analysis process

in accordance with the present invention;

FIGURE 2 is a Pourbaix diagram plotting potential

against pH value during the execution of the

embodiments of process described herein;

FIGURE 3 is a front view of the lockable cabinet

containing the
FIGURE 3a
hand side wall
FIGURE 3b
hand side wall

apparatus, with the door open;

is a view of the interior of the left-
of the cabinet;

is a view of the interior of the right-

of the cabinet;



for novenent of the liquid and reagent through the appar at us

pr opttsion, tterebyavording the nesdTor punps in contact wth the
| i qui d bei ng anal yzed; and control neans for controlling the
chargi ng and 10 di schargi ng of successive batches of liquid in said
stripper, tWe@984056i on in said reactor vessel, and the PCT/URI6/PA8PY v
operation in said iononetry cell, all in bat chwi se manner. 15

Brief Description of the EXamAngs In order that the present

i nvention may nore e_undetr sTood the riptionis
given, nerely by way o arrplg’ya Fﬁgtﬁtﬁfé%t%ﬁt e rlg%% g conpanyi ng

drawi ngs, in whiside HF the cabinlk®JRAnd i s a schenatlc vi ew of anal yzi ng
apparatus for effecting the chlorid analy5|s roces i n agcordance

with the present invémGBiE 5 1s a plot of| Eppeeblocide SARCEREXakiglr am
plotting potentigl ppm oveldd prb1BHg¥a! HerfbE i 119 ﬂ%t@@@&v@%&n@f the 25
enbodi nents of process described herein; Is a front
view of th® | ockesweralamiersuring cycdasai ni ng the appar at us, with the door
open; FIGURE 3a is a view of the interior of the | ef t -

hand side wall of the cabinet; 30 FIGURE 3b is a V|em10f t he

i nterior of the peigHi R : K= g

96/ 24056 In implementing the method £§jzé£§¥y!%%%palth the

present invention, a continuous flow of process water

10 from a refinery or petrochemical processing plant is
bled from the plant, filtered, and then stripped of its
residual hydrocarbons and hydrogen sulphide, using air.
A sample batch of this stripped water is then taken,
and is conveyed to a reactor where a single reagent is

15 added in a quantity related to the volume of the sample
batch.

In the present embodiment a single reagent is

used, in this case an agqueous solution of nitric acid
(1 mole/l) and sodium bromate (0.1 mole/l). This

20 reaction both (a) oxidizes the HS and S ions to Sd;'
ions which will not interfere with the measurement of
the chloride ions; and (b) adjusts the pH to the
desired range for achieving optimum accuracy in the
chloride analysis.

25 Other reagents may be used, for example any
oxidant which will oxidize sulphides but not chlorides
could work. Examples include a chromate (CrO, ) or a
permanganate (MnO,’). The advantage of using nitric
acid is that it both adjusts the pH value downwardly

30 and oxidizes the sulphides as NO,” is also an oxidizing

agent.



5 FIGURE 4 is an exterior view of the right-hand si de of
t he cabi net; and —FI GURE-5—+s a plot—of the chtorrde
concentration in ppmover a prolonged period in mnutes covering 5
several neasuring cycles. Det ai | ed ‘Description of the Preferred
Enbodi nment WO096/24086 | n i npl enenting the nmethod i n accor dancEcrwsskodshs
present invention, a continuous flow of process water 10 froma refinery
or petrochem cal processing plant is bled fromthe plant, filtered,

and then stripped of its resi dual hydroc¢arbqgns and hydyogen sul phi de,
Lsing it A sanp! BBAFEREEEOR DAY Fo3s RATEE FesSHAAT chbkon.

and is conveyed to gell@atbar s¥haserd sdie dopdeRichSo#Sthe Adiiaddn) a
gquantity related to the volunme of the sanple bat ch. In

the present embodi m@RE &hei Aglutiepghithen strippgdewithpainifor &giyen
aqueous sol ution of ghitkig.ag)d ég‘yv%{ agd.sodi um bromate (0.1
nole/l). This 20 dpgég?iﬁgnfto?ﬁd?%)t%irl | zes%ﬁggag[err] and S[err] ions
to Sqerr] 3 ions whiWbenwih¢reasinotthef @ocentiblt bf vessolatdan aft a
the chloride ions; and (b).adjusts e, pH_t.q.t he desired.ran for
achi evi ng opti mum a?&b’?ﬁcg}“r n{"#ﬁes"iuml %ol B8SEnEPyert ?5‘9 Beyotid an

Q her reagents may Bgedsed, thér PeusheEe dlllgram in WKiéAN¢oBIdaIM | |
oxi di ze sul phi des but not chlorjdes coul d work. Exanples include a

chromate (Cr(err]) Sdpmgnral sulphum fddake eenerered). HerReadhmt age of
using nitric 2ehdtisn! O8hei dnd it rationt B8 PhL VAL Hedopigidl y 30

and oxi di zes the sulphides as NJerr] 1s also an oxidl zi ng agent .
step will be adjusted in order to ensure that:

(i) all the elemental sulphur produced will be
oxidized to sulphate and will consequently have no
fouling effect downstream in the process;

(ii) all the bromine produced by this oxidation

15 reaction will be stripped; and

{iii)all the residual hydrocarbons and hydrogen
sulphide will be stripped.

The. chloride content is then measured by
ionometry, using a special specific ion selective

20 electrode.

The pH value does not need adjusting by any means
other than the reaction with the oxidizing reagent, so
one oxidizing reagent will suffice.

Referring now to Figure 1 which shows an

25 embodiment of the apparatus for carrying out the above
method, there can be seen an inlet valve 1 adjustable
to select a sample of a few hundred ml of process water

to be passed to two successive water filters 3 and 5,

the first filter 3 having a mesh size of 100um and the

30 second filter 5 having a mesh size of 10um. In order

to allow a small sample to be taken from the continuous
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The reactiomtime—of—thrs-first reacrton is sel ected §0 as to ensure
conpl etion of the reaction, and the solution is then stripped with
air for a given duration in order to renove bromne. 5

Vhen i ncr caWMOR§240%6 potential of the solution at a JCISISM80% he
solution will pass through and beyond an area of the Pourbaix

di agramin which coll oi dal el enent al,sul phur will be generat ed.

Hence the Cl.l %g% u 1,@n, of i | PRI 10
step will be adj Eié(?‘gd}%ﬁgcéé er l?d;qgr#ésllgﬁei’t aJtV:8 L eég%?)éraﬁéétﬁg}ag &nent al
sul phur producedfmohl| the valve 1 is pamsiedi redwastsaphiitizy avay wif la
consequent |y hav fouli.ng effe ttggwsth am.in th rocess;

(ii) all the broﬁ?ﬁghﬁo%%%?%ﬁ%’ﬁesl i d5BFGn e 5 4% P8 will be
stripped; and way ofiaifldimdnitfaiesisdmalorhydwRiah beds W dhdugiaggan

sul phide wi_| | be stripped. ) The_chloride content is then
measured by meany nefrap¥gteqiing thes poal ¥ringappaatwh agaiast §he20

el ectrode. I t ' | y neans

ot her than the rggg?ﬁz%nJ@ﬁ ﬁﬁt%g oXI ??‘?Hggr gg’gég?ws?&%&*g%g oxi di zi ng

reagent will suf further entry of sulf er sampleobeyond i the einlethivallvehdws an
there can be secReat-Teloyi v Fiavel Xhe? £ 110 SMect a sample of a
few hundred m of progeafali}eradjustment of the flow rates set on the
10 two valves 1 and 11 will control the flow rate of the
process water passing through the two water filters 3
and 5.
From the second filter 5, the process water flows
to a pH sensor 13, by way of a control valve 15. The
15 pPH signal may be used for identifying the position on
the Pourbaix diagram as will be described below with
reference. to Figure 2 but also provides a second
parameter indicative of -the corrosiveness of the sample
batch of process water.
20 The flow of process water leaving the pH electrode
13 passes through a flow meter 17 on its way to a
stripper column 19.
In the stripper column 19 air from a supply
arrangement to be described later is introduced through
25 inlet pipe 21 and released into the filtered process
water through injector head 23. The air passing
through the process water in the stripper column 19
removes the residual hydrocarbons and hydrogen sulphide
and is discharged through a vent 25, whereas the
30 stripped process water passes along line 27 to a three-

‘way control valve 29 when a sample of the stripped



to be passed to two successive water filters 3 and 5, the first
filter 3 having a nmesh st+ze of 100[err]m and the—30 second filter 5

having a nesh size of 10[err]m In order toallow a small sanple
to be taken fromthe conti nuous WD 96/ 24056
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passi ng through valve 1, excess process water fromthe valve 1 is
passed to waste at 9 by way of a furthey,control valve 11. Feed to

06 TLEEEE 20 eyl et AHITERE g atalntle B8 4o

as a 5 means of parat Us agai ns

effect of a high tenpesictar arexgl a3bypfbpelativély small anluecbherokbédy of
such a sanpl e beyond the inlet vaglve 1 or discharging it through
val ve 11. VobERd 140 thdsusefeneSoPlthe flow rates set on the 10

two valves 1 and 11 will mﬂ#’!dﬂs‘&ﬁaﬁrggwofa{:ﬁeoétﬂlfper 19 tReOGETGe VB4 er
passi ng through the two water tilters and 5. From t he

second filter 8, thewhtborwanaldaebef conpected, a% showd.séessrmmgniggteny of
noS0rl ool ou v 55, R sl By B e LY X Pt
reference to Figure Pimet34lfor mnwederainedcaird thereirpandnetieh andi cative
of -the CorrOS|venessoégréig%sﬁygg %5 for excess stripped process water.
This discharge from the stripper 19 proceeds until
10 a vessel 32 in the line between the valve 29 and the
overflow line 35, and that line itself, are full and
stripped liquid begins to overflow through the line 35.
| For example, this operation may be controlled on a
timed basis by a process control unit so that it will
15 be known that the elapsed time during which the valve
29 remains in the position shown in Figure 1 is
sufficient to £ill the vessel 32 and the line
containing it.
At the appropriate time the valve 29 is then
20 changed by being driven pneumatically in response to
operation of its solenoid 37 to occupy a configuration
in which it communicates the discharge line 27 from the
stripper with the feed line 31 to the reactor vessel
33, in order to supply to that reactor vessel 33 a
25 sample batch of stripped process water which is always
of a precisely known volume {the volume of the vessel
32 and its line between the valve 29 and the overflow
line 35).
To dispose of the surplus stripped process water
30 while the controlled volume sample batch is passing out

" through the valve 29, there is a waste line 39 from the



bat ch of process water. 20 The fl ow of process water |eaving the pH
el est+ode —33—passes—t hrough—a—ftowTmetrer I7 on 1ts"way to a

stripper colum 19. In the stripper colum 19 air froma supply
arrangenment to be described later is introduced through 25 i nl et pipe 21
and rel eas@O 94056t he filtered process wat er t hr oughPFHPEEOHS head
23. The air passing t hrough the process water in the stripper colum
19 renoves the residual hydrocarbon nd hydrogen sul phi de and
I s. di scharged t S, cuhLE: ﬂg‘ wat er
passes along |i nryé-’% e% \gg?hmﬁ ¢ ﬁ\?/\aia%/ cont rgﬁ b%ttpv ggpmﬁéeﬁfiésarrpl e

of the strippedand a bottdfd 8Gt2é056hereof. When the sample batch has

PCT/ US96/ 00805 ui d b t.ak f d | | 31t
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in this case 25wyil11 agaln operabH’ thg ﬂﬁﬁé‘%ﬂ&;&ﬁ:o&h&ni&&tﬁpﬁe 19 the
val ve 29 5 will nornalﬁﬁ be connected, as shown, to communi cate

the di schat ge | ist@ippexr splume discharge }ine 27 #ith the vephe3gmand, any
entrained air thereidd gndswith an overflow I ine 35 for excess
stripped process mate This discharge fromthe stripper 19
proceeds until 10 In veder| t82preaveme dverfildtingeoft bbevaeaet@® and t he

vessel 33, during cleaning (to be described later), and
to avoid a build-up to excessive pressure therein, an

10 overflow line 41 is connected to the reactor vessel in
the upper part, thereby defining a constant liquid/air
interface in the reactor vessel 33.

A single reagent, in this case an aqueous solution

of nitric acid (1 mole/l) and sodium bromate (0.1

15 mole/l), is displaced from a reagent supply vessel 43
by means of air passing along line 45 from the above-
mentioned air supply arrangement. The reagent leaves
the supply vessel 43 through a discharge line 47 which
dips into the vessel 43 well below the surface of the

20 liquid therein. The regent is caused to flow through
discharge line 47 as a result of the application of air
pressure above the upper level of the liquid in the
supply vessel 43, once a solenoid 42 has operated a
three-way flow valve 51 to communicate air supply line

25 45 with an air inlet line 53 té the reagent supply
vessel 43. In order to control precisely the volume of
reagent added to the reactor vessel 33, discharge from
the supply vessel 43 is by way of a further three-way
control valve 55, actuated by its solenoid 57, and

30 associated with a volume control vessel 60, a vent 61

and an overflow 65 which are used in the same manner as



overflow line 35, and that line itself, are full and stripped liquid
begi ns to—everfl ow t hrough—ttre |ine-35- —For—exanpl e, this operation
may be controlled on a timed basis by a process control unit so that
it will 15 be known that the elapsed tinme during which the val ve

29 rermains in t WO9SE46i on shown in Figure 1 is suf fi ci eCTAS96/00805
the vessel 32 and the line containing it. At the
appropriate tinme the valve 29 is then 20 chap ed by being driven

pneumatically in response t.o eLat | f ol enqi.d 3Z_to occupy a

configuration EQ S FORSY Ve ﬁ%@n?gatggng S g&PVnéSZY fromthe
stripper with the feadsd:rmea:%hﬁcﬁret hemteamloathessﬁmes the thF¥eeiwaprfibéwt 0
supply to that reactor_vessel 33 a _25 | @ batch,  of stripped process

wat er which is al way¥aives Shrand 55, wild 9ek Wt Reshe Bt FPe381 une of the
vessel 32 and fé%pééib?v@%&;ﬁgeﬁahﬂé 29, adisbH iea@v ehklow

line 35). 0 dispose of the surplus strlpped process water 30
whi I e the cont ol | edcommumicakentihe txmnni:sspashyngeml 43 witht mentigh t he

‘F’,?:'Tyﬁssg/ Ogggge 'S 2 yRsl &4 i ¥ ih@TLkERg waste 1&‘@2:1%6/ %‘?ﬁ 082, 201 umm,

communi cation with bbsdlaté atheouidagient suppipdvasdsil t43nfawi ehet Agreof .
When the sanple batch bas i . PG T8 L0.PESSed lNAY, HoLYakyss 2D Lhe
back pressure from the reactor vessel 33 displacing
10 reagent too far along the vent lines 59 and 61.

In practice the operation of the three-way flow
valves 29 (directing the flow of stripped process
water) and 51 to 55 (displacing and directing the flow
of reagent) will be synchronized so that the stripped

15 process water sample and the reagent will be
simultaneously directed into the reactor at a rate
which will give the desired concentration of the mix in
the reactor. It is thus the restoration of the three
flow control valves 29, 51 and 55 to the configurations

20 shown in Figure 1 which will trigger termination of the
introduction of reactants into the reactor vessel 33.

During introduction of the reactants (reagent
solution and filtered, stripped process water} into the
reactor vessel 33 a three-way valve 67 will be

25 controlled by its solenoid 69 ﬁo isolate the reactor
vessel discharge line 71 from a feed line 81 to an
ionometry cell 83. At the same time a shut-off wvalve
75 in an air supply line 77 to the three-way valve 67
is closed, thereby effectively closing off the

30 discharge from the reactor vessel and allowing the

reactants to collect in the reactor vessel 33. This



wi ||l again operate the valve 29 to comunicate the 5 stripper colum
di seharge | i ne—27—wth—the vent 34—and overttow 35. In
order to prevent overfilling of the reactor vessel 33, during
cleaning (to be described later), and to avoid a build-up to
excessi ve pwOIs4056t herei n, an 10 overflow line 41 is cHAASIENWIO t he
reactor vessel in the upper part, thereby defining a constant
liquid/air interface in the reactor vgssel 33. A single
reagent, in thi . Sy f lell)
and sodi um bronma 021%?8;.1%911%95“%?1& ﬂ,%& 61 adnd _,Isa(%ed t'%%gal?i?%gag"(é%t°I‘ns)uppl y
vessel 43 d];dumus refacaiibnpasmengnaénm;l Iaﬂt(eztl&ebltom-atlhenabbve-
mentioned air arran nen . Th ent HAVES
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vessel 43 throu
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air dressiE dthey £lows efpstriened progess Wakgrdand rgagent tosupply
vessel 43, once | era r Loweval ve 51
to comuni cate at?lrég'lue%p ;,‘1-' ?%sggg 38 SAwg)f'ﬁe adnelaalyr tolrfn?gltem?|¥ﬁé£5§ktg6th
reagent supply minutescsoal the. reacvicerin othmrneracdtop-r eeisselly3B hesvol une of

reagent added to fhe reactor essel 3,.disc e e supply
vessel 43 is by tea%:Pu PLHEY Pﬁ*é@tﬁxﬁ? SE U (?(’J‘rJrPF&fie@aWe act uat ed
by its sol enoi d damplan®£3@rocedEswatat eth End reat@lorTessal I 95 . vessel 60, a

vent 61 and an overflow 65 which are used in the same manner as
10 During the oxidation and acidifying reaction in

the reactor vessel 33, the position plottable on the
Pourbaix diagram moves, with simultaneous oxidation and
acidification, along the straight line path AE across
zone 84 on the Pourbaix diagram representing the

15 deposition of elemental sulphur. This zone 84 is
traversed without any interruption, and the reaction
time is adjusted in order that, after zone 84 has been
crossed, all the sulphur- present will be oxidized into
sulphate. Thus no elemental sulphur will reach the |

20 measuring cell.

Upon termination of the reaction, a solenoid 73
will operate the flow control valve 75 in the air
supply line 77 to apply. to the three-way wvalve 67, air
under pressure both to resist escape of the mixture

25 from within the reactor vessel 33 and also to bubble
the air through the reactor vessel 33 to a vent 79 in
order to strip the mixture of reaction products in the
vessel 33 of bromine. This bromine stripping operation
can be carried out throughout the reaction time in the

30 reactor vessel 33, and will be terminated by actuation

of the solenoid 69 to operate the three-way valve 67 to
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the control vessel 32, went—34 and overfl ow 35— descri-bed above. At

all other tines the three-way flow val ves 51 and 55 will be

mai nt ai ned, by their respective sol enoids 49 and 57, such that they 5
coamuni cat e t hwoss2geesat supply vessel 43 with vent | i ne PCTISAFWBES1

I ncl udi ng waste bl eeds 63 and 65 to I sol ate the reagent supply vessel
43 fromthe air supply line 45 and to gyggd agai nst any possibility

of back pressure fro he react oy, vessel 33,displ.aci.n 0 .[ eagent
too far along the vgﬁ{mﬁ‘h‘éit% t351end:eo‘g'lftor V%gse"% 3 Y’ﬁtkb‘r:%ﬁgi%egq fane o
operation of the thteetheyiéhemetry meastirifg 28110483 ediery ddterimigwtdbn
stri pped process mater and 51 to 55 %dlspla0|ng and dlrectln% t he
fl ow of reagefRf)the|sh §fsEhenpreRrdeed (BNqGse§ vater

process water sanpl gaﬁaﬁet@&rf@wn\@d 'ouleeby means | 8| d AR dey @57 aRGCd

into the reactor at a rate wll give the desired concentration
of the mix in$ 86hefrwhm¢nweleqtnqﬂq:ﬁ@sishe reéex#nne(ﬁieﬂtrpﬁe ahdee

fl ow control val ves_29 55 to nf i, qur h
Figure 1 which wll e???ﬁﬁ%‘?gfnfe%r mhe &;@%&%‘i i S‘éi&@é ooFuc cﬁ:o%
reactants into the seaeéaivdemdhm case to chlorﬂ&él:hgns nttm)dtee:bu:dnthé t he

react ants (reagent lution and filtered, stripped proce mater)
into the r eacPB?PQEE%‘é‘F ofs chlqride \kﬁ?svHFﬁﬁe 8 2 %é:ejg

controlled by its sol enopd $P11 Bd IRl tLBE ELBR! e above \RERYipeisgharge
line 71 froma feed line 81 to an iononetry cell 83. At the sane tine

a shut-off vdllve the gbristaipeing phasey wilhebe7initiaked hnveorrajngarie
67 |5 o1 osed. chepply ddenll (Ribee s 08c0t chd el rea desehapge

fromthe reactor vessel and reactants to collect 1n the
reactor vessel 33. ¥ihme in the reactor vessel 33, and will be terminated

by operation of the three-way valve 67 to isolate the
air supply from the reactor vessel 33 and to

15 communicate the discharge line 71 with the measuring
cell 83. This stripping phase may be of the order of
30 seconds, but will of course be adjustable in order.
to ensure adequate removal of the pollutants such as
bromine, sulphides, and native sulphur which could

20 interfere with the chloride measurement in the cell 83.

The result of the chloride analysis carried out

using the electrodes 85 and 86 is then processed by a
microprocessor, and is then preferably displayed and
recorded for future study.

25 The whole of the operation described up to now is

' carried out automatically, under control of the
microprocessor, at desired intervals and without any
human involvement other than simply to ensure that the
air supplies and power supplies are live. The cycle

30 repeat frequency may be adjustable, for example from

once per 20 minutes to once per 2 hours, and will be
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congit+on of the—vatves—67 and 75 ' ' —_suitable
reaction tine interval after restoration of the three-way val ves 29,
51 and 55 to the configuration shown in Figure 1 where they have
ef fecti vel yWOIOG298 5 off the flows of stripped process PRAUSINENS
reagent to the reactor vessel 33. Atine delay. of the order of 10

m nutes for the reaction in the reactor ve§§el 33 is adequate to

al | ow oxi dati on { ul phi Lot 5?@ ss.water in
t he reactor vesssg{c}ﬁ%‘.%a Ot%@ gg%c}l%ﬁ'rlg%% PR dat |e§r‘fggiﬁg£§g§dl§?yi ng
reaction in rapgilk sneweisgionessel 33, the position plottable on the

Pour bai x di agram noves, w th sinultaneous oxidatiqn .and .
acidification, along "‘?’r?e COPEE P EYFFFB 'f)%t?\‘:iﬂﬁe‘f&r automatife g4 on the

Pour bai x di agr argeaitdeNiofNEheh8eddce isaposi{liRiztdacederBngatasyl phur.
This zone 84 is traversed wi thout any interruption, and the reaction
time is ad} ust eFiguxs der butatheafiesion genpirusdden of sughodsed, all

t he sul phur-presigq,t 1l 19X di | 0L O s 73 (T no el enment al
sul phur will reach tﬁ\gﬂe lfo%lqrrgggé?gn%ﬂ%eﬁ%hty Bt R E&_ﬁ&?er m nation of
the reaction, a cotarod éndineer wivhbdlt opammairindamyl adddadbnal valve 75 in

the air supply line 77 .tqQ apply,.tq th hr ee- valve 67, air
under pressure b‘g{)"fg’{t&vreeélc VLY PR BESt ?‘%ét’ﬁ‘r @r??é SIFPIY WPt hin the
reactor vessel 3Ixndhd TenteoluBPstem functivh alg desceynedt he reactor

vessel 33 .to a vent 79 in
10 The same control system also ensures that after a

predetermined number of chloride analysis operations in
the cell 83 an auto-calibration cycle will be carried
out using standard solutions so as to ensure that the
values recorded by the electrode system 85, 86 are

15 still accurate. This auto-calibration operation will
be described shortly below.

Furthermore, again after a number of chloride
analysis operations, the control system will ensure
that a controlled cleaning cycle is carried out

20 automatically to clean the reactor vessel 33 and the
measuring cell 83 using demineralized water from a
demineralized water supply arrangement which will now
be described.

The demineralized water supply arrangement

25 illustrated in Figure 1 comprises a demineralized water
storage vessel 87 having an air supély line 89 which
includes a control valve 91 actuated by a solenoid 93
to open the air supply at thé.start of a cleaning
cycle. This application of air to the demineralized

30 water storage vessel 87 initiates expulsion of

demineralized water along an outlet line 95 to a three-



order to strip the mxture of reaction products in the vessel 33 of
brom ne. This brom ne strtpptrmg—operation —tcan be carrted out

t hroughout the reaction tine in the 30 reactor vessel 33, and will be
term nated by actuation of the solenoid 69 to operate the three-way
valve 67 to WO 96/248%) 96/ 24056 _ PCT/US96/00805
PCT/ US96/ 00805 comuni cate the reactor vessel 33 with the feed
line 81 to the iononetry neasuring cell 8aswhere determ nation

of the chloride cont r [ | @4C be
carried out by rreansgg% g%le‘?:gre%ge@&?glegﬁgcgﬁ‘é%lg%&g%yvﬁﬂsc%leg%g?t rggdgHQS S
a reference el ectrodésandrmally &l ate ecdedlGibs il bpeirdties] iimn Figueet Lvin

el ectrode, selective in thjs case .to chloride jions, to record the
proportion of chlori¥ 1FBn§°TW¥E&ﬁﬁtq§ﬁtpﬁewBEFF gé?Charg? lfne %%SW%F | #be
understood fromthe ghg¥e ULREriPL) OMhel@alvel B? 85 nédmd Y M iBRAIAH Lh
be initiated by opening of the flow control valve 75, after the
desired reacti@n thigj epen reontitionc gpd vadicbedeldhin What same

t erm nat ed by ' t h - I.sal at.

air supply fromthe ?ggﬁwpg%gs%lé%;aa% F\ga.ytggéw%]é%%\%cat?% t%”tﬁ'g Eﬁﬁply

di scharge line 71 w Lbnéh2l nkaisepensgl, therebyl enSlrirdithat deminegaphaed
Ry De o the Order Ghrer tn o RN fiotlbb Sha 3G et B
brom ne, sul phides, gRd RalveeoBU PN 4a1eY eRpelled to waste so that,

10 when the solencid 99 actuates the valve 97 to
communicate the water discharge line 95 with a water
supply line 103 to the reactor vessel 33, the initial
flow of water will have been taken freshly from the
demineralized water supply vessel 87.

15 During the cleaning cycle which is initiated by
opening of the.valve 97 to apply water to the line 103,
the three-way valve 67 at the outlet from the reactor
will be in the alternative configuration from that
shown in Figure 1 in that it communicates the discharge

20 line 71 from the reactor with the feed line 81 to the
measuring cell 83 and allows the discharge of the
cleaning flow of demineralized water to a waste 10% by
way of the measuring cell 83. This is permitted by
actuation of a controllable dump valve 107 by its

25 solencid 109 to open to permit discharge flow, whereas
normally during a measuring operation the valve 107
will be closed in order to ensure that a static sample
of prepared process water in.the measuring cell 83 can
reside there long enough to allow the chloride

30 measurement operation to take place. As indicated



20 interfere with the chloride neasurenment in the cell 83.

The-result of tte—Thtorrde anal ysiscarried out gsing the elrectrodes
85 and 86 is then processed by a m croprocessor, and is then
preferably displayed and recorded for future study. 25 The
whol e of thWaAs@Aessi on described up to nowis car r i edPGIf§S96/00805
automatically, under control of the m cr oprocessor, at desired

i nterval s and wit hout any hunan invobgenent other than sinply to
ensure that the a| r g owe I|ve The cycl e
30 repeat fr Ry TS &(ﬂgug a Pg r?%?t e:|T|’3 once per
20 m nutes to onsfewsitedl hﬂw’rﬂcs ad thel bveeflow l:l.ne \m 96/ 24056 '
PCT/ US96/ 00805 such that the

bat ches are pr ocessec}’%ﬂ%ﬁ%‘?#ﬁbmtlmr%?’iﬁ%ﬁﬂfbeﬁeo

The control sySt@aieAiANP valtiet 2UbRTEAL Creactor AR 23 gizthe device
Is not illustrated in detail Figure 1, but the design and

constructidn of nemialkly be Clstﬁsldem Purdmy| this Huta-ealibireitdipnotyche

?ﬁl/lalnteldve ach% g‘h \.E:':Efgﬁg:ﬁ\ﬁ."l EQ ﬁgiqéé%‘%% né/d %Ydlwt E’gl fhe control

system functi on eslilnetideduply line 11Thfromre ﬁmﬁi lcdntewit CELRESO
ensures that afte{3 actuateda&ggggﬁggkggdlygnber of chloride analysis
operations in

In order to achieve adequate calibration,

10 controlled volume samplés of two standard solutions of
different chloride concentration, together with equal
volumes of the reagents from supply vessel 43, are
introduced in succession, and are treated as though
they were a sample of stripped process water tested in

15 the way described above. For this purpose there are
two reservoirs of standard solution, reservoir 117
including a mixture of process water and reagent with a
residual chloride concentration of, in this case, 10
ppm and devoid of any hydrocarbons, sulphides and

20 bromine, and the second reservoir 119 includes a
similar solution but where in this case the chloride
conéentration is 100 ppm. When mixed with the vo}umes
of reagents these solutions in the ionometry cell 83
will have final chloride concentrations of 5 ppm and 50

25 ppm, respectively. However, the concentrations of the
standard solutions (10 and 100 ppm) in the reservoirs
117 and 119 can be adjusted as required in order to
correspond to the likely chloride concentrations in the
process water to be monitored thereby ensuring that the

30 autocalibration always takes place in the working

concentration range. For example, if-the chloride



the cell 83 an auto-calibration cycle will be carried out using
standard-sol utions so as—to—efisure that the ——values recorded by the

el ectrode system 85, 86 are 15 still accurate. This auto-calibration
operation wll be described shortly bel ow Furt her nore,
again after a rwopbgieoss® chl oride anal ysi s operations, thecrrosssoesos
systemw || ensure that a controlled cleaning cycle is carried out 20
automatically to clean the reactor vessel 33 and the measuring cel

83 using dem neralized water froma dem f@ralized water supply

arrangenent whi ch wcPRCgBirations phimdy fhe@gparatus is to Pr efRfiGTEdatrzed
wat er supply arranggaBRtofoare bt !AigH&id I SFhBWES Jaft?émiﬂzﬁfitlﬁ range

dem neral i zed wat er storage vessel 87 having an air supp
whi ch i ncl udesofafromt 10l teal ¥ wonactoxrxespondingly | kigher 38 lower to

open the air supply he_star f cl eanj. cycle. This
application of air £ gﬁ? %ésae%ngrﬁgé?rgﬁ'%alcf <o) m'rlq'wgfe ePrE?%rr‘%lglen vtggesétag'?ard
initiates expdl si onsellutions iemMhenfdderabivat al7abndoles. outlet line 95 to
a three- WO 96/ 24056

PCT/ US96/ 00805 - REYSTRICR of Hhf APPTOPTIALPPRRPHRESBHRESI d 99
and i s normal byepArbACsS PR 4L d !éd!ﬁte"véheﬂfv]' Yaf! Q'€ thrde-way
whi ch communi cates the water discharge line 95 with a

valve 121 actuated by a solenoid 123. In the
configuration shown in PFPigure 1 it is the reservoir 117

10 whose 10 ppm solution is about to be gravity fed to the
measuring cell 83 once the shut-off valve 113 is
opened. This cell-loading operation will occur until
the appropriate controlled volume of the standard 10
ppm solution has been introduced, at which time the

15 valve 113 will be closed to stop flow of the solution.
Substantially simultaneously the controlled volume of
reagent is added. A measuring cycle of the desired
duration can then be carried out using the electrodes
85 and 86, during which time the valve 121 may be

20 actuated by its solenoid 123 to communicate now the.
reservoir 119 with its stronger (100 ppm) solution with
the shut-off wvalve 113.

At the end of the measuring operation, when the

error (if any) between the measured value and the known

25 chloride concentration of 10 ppm has been recorded, the
dump valve 107 is opened and the contents of the
measuring cell 83 are discharged to empty the cell 83
ready for the next part of the auto-calibration cycle
when the dump valve 107 is closed and the calibration

30 flow valve 113 is opened to load the measuring cell 83

with a desired quantity of the 100 ppm solution from



waste line 101. The valve 97 is normally nmaintained in 5 this open

coneit+en and—wtt+—betretd in tha ontiguration for a brref
interval after the air supply line 91 is opened, thereby ensuring
that dem neralized water in the discharge line 95 and in the vicinity
of t WoweR4086 97 is initially expelled to waste so t h@PCI/UBYSMH080S\hen
the sol enoid 99 actuates the valve 97 to comuni cate the water

di scharge line 95 with a water supphy7line 103 to the reactor vessel
33, the initial f | ow.of ter,. will ve .been taken freshly fromthe
deni neral i zed witr r&ﬁﬁﬂ’ﬁ’-{%%g& ag%r 1"51“'&’ tne Clgﬁ’rsiuﬁﬁ Pﬁegg?eani ng cycle

which is initiatdibtation £fepRNvalveflihaiemineg: thet endppEythater to the
line 103, the three-way valve 67 at the outlet fromthe reactor
will be in the SFBLeaERHe sdGRPLFUERRT OFPe MRASUTAINT cell 8Rodf FPR®Y gure 1

i that it commg0qss sebendl 8a0eneerth srdddle Kb beeBrbhechgagfsy W th

the feed line 81 to the measuri ng cell 83 and al | ows the di scharge of
t he X! eani i famyw betwesnnthal recorded aonoenirasios ang bye way

Cont ol 1 a0l o duAeE yB1ts70F, 1P Sk UG5 coperens i BREAE, 990, i

di scharge flow, cdhah@abasis ofneh&bthy ektrdnFeadidgsuione apeiatpsn t he
val ve 107 will be clgsed in order to ensure that a static sanple

of prepared pro@®Ss opg &t A0t REheaRY radipsientg 9ic fhe calibration there
ong enough to ald eie AppaRheusdeadlhe cABA QARNt OPeration to take
WO 96/ 24056

pl ace. As indicated

PCT/ Us96/ thsos Preferably such an auto-calibration adjustment is
effected fully automatically by way of the same
microprocessor which controls the timing and the data-
processing resulting from a typical measurement
operation on a non-standard process water sample as

15 described above, in order to correct for any drift in

the measurement system.

Optionally, the measuring cell and its discharge
line 105 can be purged between each measuring phase by
opening the air shot-off valve 75 to communicate the

20 reagent stripping air feed line 77 with the three-way
valve 67, and at the same time operating the three-way
valve 67 to communicate the air shut-off valve 77 with
the feed line 81 to the measuring cell 83. This will
allow any residue of the previously analyzed liquid to

25 be discharged from the bottom of the measuring cell by
way of the dump valve 107 and waste line 105, following
which the dump valve 107 can again be closed ready for
the next measuring cycle. This can occur equally
between successive sample measuring cycles, or between

30 the two parts of a calibration cycle, or between the



above, overfilling of the reactor vessel 33 is prevented thanks to

the overflow line 41. ——— For—the auto-catTbrati onOperation, the
dem neralized water flow the reactor vessel 33 will 5 normal |y be
closed. During this auto-calibration cycle t he neasuring cell 83

w |- be suppl i aviods24e86y of a calibration supply |ine 1IBCT/WSMA80S | oW
control valve 113 actuated by sol enoid 115. In order to
achi eve adequate calibration, controlle olune sanpl es of two
standard sol utions q concentratlon oget her with
equal volunesa8F°tﬁgl?§53£h?§ fﬁﬁg evE??EFsﬁép %ﬁ?éléé or

i ntroduced i'n succesguceeedand pf@céégakae&éxa%a&d@ugﬂeasunng heyemer e a
sanpl e of stripped process water tested in 15 t he way descri bed above.

For this purpose there afB order {QEaxrd AGHLNStoPVEFRRESSH S ditut idn,
reservoir 117 ovREFYeh Bg 3 F] X&% %%s&?ﬁ?ﬁeéé%gaﬁf,r f‘@d:Lé ‘iﬁ%gﬁgi W th a
m-and de

resi dual chloride concentration of, I'S case, voi d
of any hydrocd bonswishl ghi deerémwznne I¥>m ne, and the second reservoir

119 includes a Si r_sol uti but_where gse, the chl.ori de
concentration is 100 ppmr{"%\hgﬁrn?x%‘gf%§?w eBItuﬁggerre Lo ri?é"ffgé‘ﬁts
these solutions in whegol Qmmﬁstfalté&lin 8&gure 1 @hlbl chapridedaln Airorindet
concentrations of SHggn1and 50 25 respectively However, the

concentrations of tHéRe 127 SypRiaing s%?%ﬁtoﬁspé'fés&ﬁﬁ ime¥pans af the
reservoirs 114raRdediOprapulsiatlidint 3 i‘ﬁeﬁﬁgﬁi{: edride Yidereiow.

correspond to the |ikely chloride concentrations in the process wat er
to be nonitor¥d thefbgyadnsanbply threessuyre 36, fozuessmbléer £ ibar sanges

takes place in the WoLkifife ana 1§ PESHULA L1568 "d8ea s RAUP Hredshrth®

chl ori de
step-down, to control the various solenoid-operated

shut-off valves 75, 91 and 113, and the solenoid-
operated three-way valves 29, 51, 55, 67, 97 and 12..
15 In each case the solenoid drives a shuttle valve which
then controls the application of air at, for example. <
bars pressure, to drive the shut-off valve or rotary
valve between its two operating positions..
The air from main air supply line 127 passes
20 through an air filter 129 upstream and downstream o:l
which are pressure gauges 131 and 133, respectively.
After the second pressure gauge 133, which
provides a check on the pressure of the filtered air,
the air flow splits between first and second partial
25 flow air lines 135 and 145.
Alr passing along line 135 passes through a
throttle valve 137, a pressure monitoring transducer
139, a flow meter 141, and a throttle valve 143 to
constitute flow A, at a lower pressure which is
30 adequate to drive fluid through the wvarious elements of

the apparatus. In this particular case the air flow A,
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coneenrt+at i ons—whirch—the—appar at us TS TO DE expected to noni tor are
of a higher or a lower value than the range of from10 to 100 ppm
correspondi ngly higher or |ower chl oride concentrations will be
present i nWoes#0%ndard 5 solutions in the reservoirs REIUSHA08P$O.

Sel ection of the appropriate one of these pre- prepared solutions is
achi eved by way of a three- may valve‘#Zl actuated by a solenoid 123.

In the conf i gur t|on shown i.n l.it.is the, [ eServ ir,117 10
whose 10 ppn1sofﬁt$% i 3¢ SBbu S%Q?%ﬁa %ﬁvgﬁyt?eﬁh OSY$&P 19, suri ng
cell 83 once theeadeiht oétrippirey it ildne 77, ap@nEhe déminedlideandi ng
operation will occur until t he appropriate controlled volume of the

standard 10  Wat@pH PERPUIFIAP BE Jd&® Bftr oBfub¥aical RFRtIP%S K% he 15
valve 118 wi |l pRestOseds (ias i |EQUrA cbNBeSSDUnl Plipars Substantially
si mul taneously the controlled vol une of reagent 1s added. A neasuring
cycle of Bhe desireddir flownngualﬂmgc&hetheQObé caxrfkacimnexi4ﬁg t he

el ectrodes

8 I.n | alve 121 be 20
actuated by it sP so?eno ‘%‘é?o co r‘f'%g‘gtg ngw fﬁy epress 86T voi r 119

with its st rongeraﬁé&ﬂc@prnz}s,olaﬁd @n f\ﬂdobvhtransduédaf Bantthfﬁomalave 113.
At the end of the measuyri eratl n, error ﬁlf any)

bet ween the meaBRPRRRYLE %. rhlch is used for t
reagent propuls1on air llne 45 and the demineralized

10 water propulsion air line B9 for the cleaning system.

As examples of commercially available equipment
which can be used for components of this apparatus, we
can mention the possibility of using for the specific
ion selective electrode 86 a combined electrode type

I5 CES417B marketed by the Orion Company.

Figure 2 shows the Pourbaix diagram for the
process carried out using the above described
apparatus. The likely pH value of the process water
sample to be tested is from 4 to 9, and the arrangement

20 is preferably one in which the pH is low (i.e., in the
acidic range), and the injection of caustic to reduce
the acidity may be avoided, so that the passage through
the Pourbaix diagram follows the straight line AE of
Figure 2 and gives a reiatively.direct route into the

25 unhatched region beyond (above) the zone 84 in which
elemental sulphur may be generated. The circuitous
route ABCD is the obvious one to be followed in order
to avoid deposition of elemental sulphur (S) in the
zone 84, by avoiding the zone 84 altogether, as in US-

30 A-4,942,133. However, this circuitous route requires

the addition of caustic in order to reduce the acidity



25 chl oride concentration of 10 ppm has been recorded, the dunp
val ve 107 i s opened ang—t+he—eontents—of the —— -measuring cell 83 are
di scharged to enpty the cell 83 ready for the next part of the
auto-calibration cycle when the dunp valve 107 is closed and the
cali bration 30wo9si2ees8/ val ve 113 is opened to | oad the measur iRCG/US86H08G53
wth a desired quantity of the 100 ppm sol ution from WO 96/ 24056
PCT/ US96/ 00805 t he reservoir

191 after which the cl Qsure Q at ég‘ﬁp i cal |braat|o flvowdval ve 113
defines the end of Thft*** pg ﬁﬁdss?%n%l%x AR MBYsuri ng cell

83 is ready detieddticieoin@lembhba bt $WIPMINGMA Ahebabibe, phRe €Fror 5
(if any) between the recqrded concentratign and the known val ue of
100 ppm chl ori de cditediS | generakiomgone 82. (ThenRoiRtiR RIS WY error

readi ngs (one at 1%?@@1tcu1to@1@drgﬂ€ea%o&9&’ pelales] b@}é}ﬁ%ﬂsw‘?%zﬂé;&&e

cal i bration t he apparatus can be carried out.
Preferably suih an vt pedinthEaono khadpevthain d:@gram aseBhewnednfﬂidrtyre

automatical ly by e.s op

timng and the da\tA? Q"’ltth uﬁ'r %g‘%sgoﬁﬁer&@t 9&?&1 tw{]yéegég Eﬁ%ﬁ rrent
operation on a non-ellemugrad [sm.phas watrre safmigmaﬂz.ﬂé roudesszlheﬂlwémve
in order to correct for _.any dri he nmeasur enent S\tlﬁtem

Optional ly, the medud f@<S ’1°naﬁ'81?t %nﬁ?s%rﬁ’@mn etweeHe thgssulpite
purged between eachydPadridiePban8rlY¥ion regions in a more direct manner

10 and, although some elemental sulphur will be generated,
it will be oxidized in the'reaction (due to an excess
of reagent) so that it can then be readily stripped in
the air stripping operation occurring the reactor
vessel 33 after the oxidation reaction. This allows

15 the overall process time to be considerably reduced,
and in practice the resultant measure of chloride
concentration is available just over half an hour from
the time of collecting the sample. Furthermore,
because the apparatus in accordance with the present .

20 invention is self-contained and automatic in operation
it can be installed in situ in the plant and does not
require the sample to be conveyed away for subsequent
and remote analysis. This possibility of mounting the
analysis apparatus on site is enhanced by the auto-

25 calibration and self-cleaning characteristics of the
device as described above, all carried out under
control of its microprocessor.

The measurement carried out in the ionometry
measuring cell 83 is particularly reliable due to the
30 fact that there is no bromine present after the

stripping in the reactor vessel 33, and due to the



opening the air shot-off valve 75 to comrunicate the 20 r eagent
St +-pptng ai —FeettnAe—7F W th thethree-way valfve 67, and at the

sanme time operating the three-way

shut -of f val ve

This will wWO96:2408 | ow any residue of the previously anal yXed't
be di scharged fromthe bottom of the neasuring cell by way of the
whi ch the dunmp val ve 107

dunp val ve 107
can again be cl
occur equally

30 the two palds-oalidbrealichr featureycl Purthedmetmecethehetripping WO

96/ 24056

77 wWith the feed line 81 to the neasuring cel

and waste line 105, follo

val ve 67 to conmunicate the air
83.
B to 25

é)sed ret[a\c%.llg&‘atl n o%hgh v{rceea 'm%gn%yglfeth-erh' S can

en successrve sanp e measuring cycCl s, or between

US96/ 00805

o
aut o- cal i brat i G dite SEFIPPRE Feirmy; 19 aveids Jhs presenceg, efeeding

process water SAMMHi AaYEraRdngYchephides in the ﬂﬂbd@%@ehatergﬁéiﬂgagalnSt
overpressure in, or overfilling of, the neasuring cell 83, it

provi ded %

arrangement relefLat it WH ehte thereTuER d WHARSY LRahgbLe T and

Ing alr at a pressure I n excess

conprises an ai

nyenared @né Bnelveede sosthere is no poipmaiaspr ofuphey

7

of the gﬂmﬁﬁsuﬁemymmp&hsuamtglr or pneumatic drive air flow 10

air supply pressure

6 bar essure and

, fo
preferably al so used? S]wi“’[ (’}ﬁ‘gxg'ng%u?‘ Vemenga"lsj‘gé’pfhdﬁ?ﬁdp%’g WYt Pol t

vari ous sol enoi

10

15

20

25

30

rPR¥edfte motivation, thereby avoiding the need for
pumps to be in contact with the low pH liquids.
Furthermore, the short analysis time (of the order of
10 minutes) in the ionometry measuring cell 83 avoids
degradation of the specific ion selective electrode 86
which could occur if the process were carried out
continuously and then electrode 85 and 86 were then
spending a long time in contact with an aggressive
medium.

It has been found that the auto-calibration and
self-washing features of the apparatus and process
described above lead to the possibility of maintenance
work being carried out only once every three months,
thus making the apparatus much more attractive
commercially than one which requires human control and
frequent maintenance and cleaning.

In the past there have been attempts, such as in
US-A-4942133, to produce a continuous chloride
measurement system in the refinery or petrochemical
industry, but the use of a discontinuous process with a
relatively short cycle time and with cycles repeated at
frequent intervals as described above gives rise to a

reduced reagent cost and also allows the auto-

IS

IS
he

The



shut-of f valves 75, 91 and 113, and the sol enoi d- operat ed three-way
val ves 29, 51, 55, 67, 9F=ant=121. 15 I n eactrTtase the solenoid drives a
shuttl e val ve which then controls the application of air at, for
exanple, [err] bars pressure, to drive the shut-off valve or rotary
valr've between W@94/2408560per ati ng positions. The air RPCTASIDIBOS ai r
supply line 127 passes 20 through an air filter 129 upstream and

downst r eam of whi ch are pressure gaugesa 31 and 133, respectively.

After the second pressure .gauge 133, ich. . rovi de check _on the
pressure of the fi I?%f%&r%’%r?rg nc” sell\rgg'wgﬁPlf’?o&F%b‘f‘ﬁ% %et%\ﬂgeﬁyﬁ??t and
second partial 25 Qgdisélevedideddizes 135 and 145. Ai r passing

along line 135 passes through a throttle valve 137, a pressure
noni toring transducer The Pregess, of| fhenprefeny iinvention wogstisutasva

143 to const i ¥t £ndd OliphlRreent! oPekO £tp6€5l§é'-¥Ae-4W4%hl?Ee§Q

adequate to drive fluid through the various elenents o

apparatus. | nSthis phatiths present tinveatiofi| veguixes jonly one reage¥fit

96/ 24056 _ _ PCT/ US96/.00805 , i's
used at air supply T'lllenléeaﬁ ttlbert%é"esﬁer it‘ﬁﬁefeig?n?%euseé in %%gégén?‘;gt}?%pi ng
air line 77, and the denswsssildizRdy, we havet E6udd ofHdtSiavdidihgl the 89. A
typi cal pressure for t hese uses has_been found to be 50 m|libars.

Air Tl ovREPRITRT A9REITMOTRICRM IR APFTAHi o snables the

process and apparatus of the present invention to be

10 operated gquite satisfactorily and to be used in a
closed loop system which alters the dosage of a
conditioning additive, for example caustic or a
corrosion inhibitor, to a liquid with a sufficiently
rapid response time to control the effect of the

15 conditioning additive, for example in the present case
where the conditioning additive is a corrosion
inhibitor and the corrosiveness of the process waters
in the refinery or petrochemical industry is to be kept
within limits.

20 The electrical output of the microprocessor-
control system which indicates the concentration of
chloride ions in the ionometry cell can be compared,
again by the microprocessor, with the desired stable
reading and any difference between the two values can

25 be used either to increase, or to decrease (as
necessary), the rate of addition of conditioning
additive. The process thus operates in a closed loop,
preferably with a continuous addition of conditioning
additive and a batchwise analysis of the chloride

30 content.



passes by way of a throttle valve 147, a pressure transducer 149, and
a flow t r ansdueer—i5+—te—+o6rm a prreamatic drive airTTow A[err] which
is used for the reagent propulsion air line 45 and the dem neralized
10 wat er propulsion air line 89 for the cleaning system As
exanpl es owoseamess ci al |y avail abl e equi pnent whi ch BEHUSWAOME] f or
conponents of this apparatus, we can nention the possibility of using
for the specific ion selective el ecdéode 86 a conbi ned el ectrode type

15 CE9417B mar ket ed by the O Co ny Ei 2 shows the
Pour bai x di agr am fo%st?\eyur&er p‘?%‘é’fé“rgg‘%r'r FBE QuEPLEi % tf}h%%}ﬁove
descri bed seABBA! 83 URay TdEsd iHee monildoraliuby 0t hé hei ¢ sxnssse sarirer
sanple to be tested is from4 to 9, and_the_arrangenent 20 is preferably

one in which the prAes Fe\PYevide g glaupde checkaenthe effrgtiveness,e

i njection of cgdsti &K&'Eﬂ' dRRiRSbeihY 88Yibsravidh ded, so that

t he passage thrggu{éh‘g 'I"Rtfgt e %Ihrobfai X Elagram oll o%/vs the straight |line AE
of 5Fi gur ma2ntaiin gcoxsosiveriass wilthin 1énitsout Bhe rppindigpsis

unhat ched regi on_beyond (above) the zone 84 .in i . el ement al

sul phur may be%@ﬁﬁ&gtiﬁélﬁe} i figeRpRse to tﬁ%uﬁlﬁ&?i s the obvi ous
one to be foll ppRdehBratishi, and mdritttdng dhpopHtppovibiesle&nental sul phur
(S) in the zone 84, by, avoiding the zone_84 al toget heg, as in US- 30
A-4,942,133. FOREVRROUS hyerificakiof shecefanriveness of (fhe aqdition of

caustic in ordegheiA8IUERcENErAC dH-Idependent c¥EX8ELLIWE dosage
PCT/ US96/ 00805

10 rates.

As indicated above, the frequency of repeating the
analysis cycle may be adjustable, for example to give
repeat rates of one every 20 minutes up to one every

" two hours. The shortest repeat rate will be
15 substantially equal to the minimum duration of the
analysis sample so that one analysis cycle starts as
the preceding one just finishes, although in practice
because of the batchwise- treatment using (a) the
stripper 19, (b) the reactor vessel 33 and (c) the
20 ionometry cell 83 it is conceivable that the cycles may
overlap slightly so that while one sample is being
subjected to the ionometry operation in cell 83 the
next sample may already enter the stripper 19 to
prepare it for introduction to the reactor vessel 33.
25 The apparatus of the present iqvention is able to
satisfy various safety standards, and can in particular
be Eex approved to certification e (increased safety),.
d kflame proof enclosure), and i (intrinsic safety).
Figure 3 shows the layout of the principal components
30 of Figure 1 in which the same reference numerals are

used, although there is no illustration of the



to arrive at the point B as a way of avoiding generation of el enental
sul phur and the nmaj or part—of —the HS generatton zone 82. The point D
obt ai ned by the circuitous route could even be chosen to coincide 5
wi th point E on the Pourbaix diagramas shown in Figure 2, W thout

t he route ABCwO®e{osé ng t he deposition of el enent al suPEHUS6/00808
straight line route AE arrives at a location well into the region

bet ween t he sul phur and chl ori de gener on regions in a nore direct

manner 10 and, al though sone el wll be enera
't W 11 be oxidizedAEATCHEAPEEIPEORIY h%ﬂwsan o Semponenty (vigthis in o

that it can then bejgeedl By agkr tHBQ&' which are d@intel ShltRe AéRORAMALI ON
occurring the reactor vessel 33 after the oxidation reaction. This

al l ows 15 t he owdr &hle pewessportien tof phe siadiigetabuy peliow cthe shelf gnd
In practice the reguyl tamrh@‘aﬂ {)8?§0%1§h$196vhg%%:ove th‘éogﬁgﬂ r#d4 Ol d

avai |l abl e just over "hal f "an col l ecting t
sanpl e. Furt her nor @ontrol ubétalSe ih@ommgs the adcoopnocesselt.h the

present 20 i nvent,ion is . self-contained tomatic_in operation

P aan be i nstal | o NTHin FHS FRPRERHTATH anh oo 161 L RS ot he
sanpl e to be conveyeghctidy bk $OPSRULIIH its owndRStpLEBRbR-BFEbFSiS. This
possibility of mounting the anal ysis apparatus_on site is enhanced by

the auto- 25  cal®PSi2EMER &A8-seMpsti ey el yolirpet pleckronin
device as describedoipeentd brEaEht FOLEH wiliflS] the encfOBFEs M1 ldns

M croprocessor. he neasurement carried out in the iononetry
measuring cel} 83 |L'§5paandc((}har remabhind|elefitrondct kemponents seelavhdthe her e

|s no bromne presenl;3748h LBE in exp184{dlUdld stint olEAMEO 16638 33

and due to the
168. 2all other compounds are all linked pneumatically

or hydraulically, or incorporate low voltage solenoids
which are connected to the junction box 163 by low
15 voltage lines on which no spark risk will occur.

Figure 3a shows those components which are mounted
on the left-hand wall of the cabinet 153, in principle
the various water inlet pipes, filters and sensors as
well as the stripper column 1%, and Figure 3b shows the

20 various components of the air supply which are mounted
on the right-hand inner wall of the cabinet 153.

The cabinet 153 is lockable and is connected to
the on-site surfaces simply by the air inlet 127, the
water inlet 155, and an electrical switch 167 on the

25 exterior of the cabinet.

In order to obtain Eex certifiéation i (intrinmsic
safety), e (increased safety) and d {flame-proof
enclosure) all electronic coﬁponents having a spark
risk are located within the enclosures 161 and 165

30 which are explosion-proof. Furthermore, there are no

electric motors which could give rise to sparks and
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frequent—eati+brati on of—the—devi ce—bymeans—of—tHE auto-cartrbrati on
feature. Furthernore, the stripping step in stripper colum 19 avoids
t he presence of sul phur-1liberating sul phides in the process water
being 5 wWo sgde56d and anal yzed, so there i s no poi soni ngPCRUS9660805

el ectrode and hence there will be a stable reliable measur enent
facility. Al'l of the water nov t is achieved by way of

air pressure notivatiaon, thereby avoidin e need for 10 punps to be in
Contact with tREPYOl PRETFHRATIGEsULE Iorbrpharhgh cri DheR IR HhBrys s ti m
(of the order 0fs all 1i&uiA PHPULdibnt A8 pABEKEREIYalBASiHAWeLe! | 83

avoi ds degradation of the specific ion selective el ectrode 86

whi ch coul d occur i fFigRrerodes anvelevasiepal view15f the gightudasdy and
then el ectrode gpsangle %élveéagaitrléec“ 153 andsgﬁgwg%ngl?]é‘ A%nQi.ﬁ]'féEE 129 Gl act
medl um t as peen t

W th an aggressive oun at the
aut o- cal i Brat i othandain switssl fl6Nasisi welicasuthse mwdin heleappdrcatlus and

process 20 descri bed abov ead to the _possibrljity of .maintenance
wor k bei ng carr?‘éﬁn%‘ﬁp’%ﬁ??‘ g'r#cge °é’v§?’§ PHFgé ﬁoﬂ# h%l?g cabingty s naking t he
apparatus nuch nore Pidgu@éts \Whows a t¢BHERLCHIOLY Sbedirne i ch requires

human control and |, frequent, mai nt enance_and cl eanjng.. 25 In
the past there PERetHeRn of ttdipHtionongERyaselh output | ghgnaiofuring go

produce a conti guouss&ivi0Tdfbatchwi SEPASUEEREAY SYSi&itd he refinery or

petrochem ca
10 repetition frequency of 12 minutes.

As can be seen from Figure 5, when the reaction
products first enter the ionometry cell 38 the
ionometry electrode output signal rises to a high value
resulting form the upset of the change of sample, and

15 then progressively return to a stable ocutput at the end
of the cycle. This minimum "stable output" signal is
the value which is taken by the microprocessor as the
actual chloride concentration and, as can be seen from
Figure 5, the value is in practice substantially 20

20 ppm.

Any attempt to operate on a continuous on-line
basis results in an inability to derive a satisfactory
value because of this upsetting influence of the sample
change on the chloride concentration out signal. We

25 have found that by avoiding the obvious tendency to aim
for an on-line continuous process we are able to
extract the minimum "stable output" value from the
chloride concentration signal over the cycle and derive
what is an accurate indication. This can be verified

30 by deriving the output signal during an auto-

calibration cycle when the same pattern of a disturbed



i ndustry, but the use of a discontinuous process with a relatively
short cycle tine and wt+h—e¥ycl es repeated at 30 frequent-intervals as
descri bed above gives rise to a reduced reagent cost and al so al |l ows
t he auto- WD 96/ 24056

PCT/ US96/ 0080w0 9624056 calibration and sel f-washi ng feat ur eBCHPSH6/GR80S
system di scl osed herein. The process of the present
invention constitutes a di stinct i npr\%ﬁmant over that of
US-A-4,942,133 in 5 that the {)resen tign reﬂw res only .one

r eagent wher 848t fagBadeFettidy {8 BsedtpRIoutont "94‘2“‘3?1‘5"3"“
Surprisingly, we h%\AQuEOEQH Béaéeéﬂouﬂmgvﬂtlit@dlffereﬂeeéénééﬁtﬁmtdmuous
on-line operation enables th process and apparatus .of the present
invention to be 10valuegepft é@ pprh tand f ippm QugAngy thadPastheefusdhe in a

cl osed | oop system_whic e ge of a condi ti oni ng
additive, for exanﬁf‘lgocgﬁg%%ggg%ég cﬂgf@ corrosion inhibitor, to aliquid
with a suffi@dently In Figufle B sylon ssbddinmsat dscanheasutémeref fafttioe t he
15 condi tioning ,additive, for exanple in the hese % wher e
the conditioning ad® Piputes én‘éo'F]F%g’EFﬁmate 18 E Fng ?r’a%%l t he
corrosiveness of tlg,%ngggggggl&ﬁtgﬁsp m. in the refinery or petrochem cal

industry is to be kept W th imts. 20 The el ectri cal
out put of the m croprocessor-



control system which indicates the concentration of chloride ions in

t he i ononet r y—cett——Tan Hﬂl“ﬂmmmﬂml " —agalnm by the mCcroprocessor, wth

the desired stable di fference between the two val ues

can 25 be used either*td ircr&as®, br to decrease (as necessary),
the rate OWO#6@4056on of conditioning addi tive. The FCTAEIEO08N s
operates in a closed | oop, preferably with a continuous addition of
condi ti oni ng additive and a bat chwigse anaIyS|s of the chloride 30

content. _ﬁﬁmﬁ/ 24056

PCT/ US96/ 00805 As a further refinenent, the output of the pH
sensor 13 nmay al so be nonitored by the m croprocessor ‘in order to
provi de a doubl e chack on the effectiven i.,ntroduction of

condi tioning additive to® BXOCeHg; ?EJ?P{iﬁﬁ%ﬂﬁ &@ﬁé§§aﬂffﬂFnc??ﬁ??% The

princi pal ofC@NE Qi aGt J::Qﬂpfisi resdUtd oft:ne chloride
concentrati on, and nonitori ng t he provi des a cont i nuous

verification of thesétﬂEE@pgehﬂégoﬁﬂrh¢n§ and hysrogendeulphide from
concentrati on- QFEs%%%PLfC9£Ee££g§P q0f dosage 10 rates. As

I ndi cat ed above e frequency [ epeating the
reacting the liquid batch with a single oxidizing

and acidifying reagent to oxidize HS and S~ ions into
sulphate ions, and to lower the pH of the liguid to be
10 analyzed; and then analyzing the chloride content of

the products of the reaction by ionometry.

2. A process according to Claim 1 wherein the
analysis is carried out using a special specific ion
15 selective electrode to attract the chlorine ions of the

reaction mixture.

3. A process. according to Claim 1, and includi=nc
the step of stripping bromine from the reaction mixturc

20 after the oxidation and before the ionometry analysis.

4. A process according to Claim 1, including the
steps of:
draining of the apparatus after each batch has
25 been stripped, reacted and analyzed, and
after a predetermined plural number of said batch-
wise operations, re-calibrating the apparatus using a

standard sample with known chloride content.

30 5. A process according to Claim 4, wherein said

calibration operation uses several different standard



anal ysis cycle may be ad ble, for exanple to give repeat rates of
one every 20 m nutes—up Lﬂﬂ m, Eﬂu' two hours. The shortest repeat
l ’”"’ the m ni num duration of the

rate will be 15 subst

anal ysi s sanple so that one anal ysi s cycl e starts as t he preceding
one just fini WeE%/24086t hough in practice because of thdPCI/US96/00805
bat chwi se-treatnent using (a) the stripper 19, (b) the reactor vesse
33 and (c) the 20 iononetry cell 83 it isqsﬁnceivable that the cycles
nay overl ap s & | e i

subj ected to the |o Pz% 3’%«5 ? Sﬁgrﬁg%e%el%% con%en%sng%egg?’r%tfe may
al ready enter the tHe igneaysi$.t o prepare it for introduction to the
react or vessel 33. 25 The apparatus of the present invention is
able to satisfy various safety standards, and can in particul ar

be Eex approved to certgficaf b%césé'&@é&?&ﬁ%%@m)m 4, andadifddél@iEngr oof
encl osure), and I (intrinsic safet I gure 3 shows the | ayout “of

the princi pad conpdremtemet fl@ﬁhltnguﬂ@e reactgy oessed sadethef erence

nunerals are 3 diagle,d) UA94ORELBETE Lort 8 WalielbemnoliLbe

WD 96/ 24056

I nt erconnecti ng flapekdtions hikebeenpeasriead \vvui.bl e in Figure 3 are
t hose which are nmounted on the rear wall ' of the | ower portion of the
cabi net but bel ow the shelf 157. The conponents shown above the

shelf 157 are the 7. A process according to Claim 6, wherein said

10 flushing is carried out using demineralized water.

8. A process according to any one of the
preceding claims, wherein the ligquid to be analyzed is
proceés water from a hydrocarbon distillation plant,

15 and including the preliminary step of filtered said
process water and then measuring its pH value before
subjecting it to said stripping, reacting and ionometry

steps.

20 9. A process of controlling the dosage of
conditioning additive to control the chloride content
of process water, comprising analyzing the chloride
content of the process water by the steps of:

stripping hydrocarbons and hydrogen sulphide from

25 a batch of the liquid; ,

reacting the liquid batch with a single oxidizing
and acidifying reagent to oxidize HS and S~ ions into
sulphate ions, and to lower the pH of the liquid to be
analyzed; and

30 then analyzing the chloride content of the

products of the reaction by ionometry:;



5 control unit 159 orating the i croprocessor, wi thin the

expl osi on- -pf—eeﬂf—encl Bmuﬂm — junction box 163 wthin its

own expl osi on- proof. 5. Most of the high voltage

el ectronic corrponents are encldsed within the enclosures 161 and 10
PCTUSIFAPR0S

_r165, alnd WiR 96/240%6 [n ntg ﬁl ectroni (1:6(éorrp3nents b(iIGgw fAIhF o 137 are

n expl osi on-resi stan ousi ngs an : ot her conpounds are

all linked pneumatically or hydraul&4ally, or incorporate |ow voltage

sol enoi ds egnLo Ndpn Hasshedihy taw 15

vol tage |ines on v\/n%q’hda %grggﬁ% QEL f#?&ééé%ur 4 ) * é gure

shows those coquEeerdifs sdﬁd:hoaﬂdt&nnhngdaddltlve am tiespopbe- nanghwa| | of
t he cabinet 153, in principle various water inlet pipes, filters

and sensors as °h1°rld%qn°§§tﬁrﬁ§18f‘r%ﬁb%?“%’b?%‘rm 19, and Figure 3b shows

the 20 vari ous conponents of the air supply which are rmunt ed on
the right-hand inner wall of the cabinet 153. he cahi net 153
is |ockab¥e and is déhnedt ®Focgss accorgipg ofp sq]t""e’-mst?rfé‘é‘éslgfzﬂrﬁﬁim%y t he
air inlet 127, Eljﬂg offater inlet 155, and an electrical switch 167 on
the 25 ext erTor otf % Cabi net . In order to obtain Eex
certification i (intwdamiming the pHabét yhe kiduit hefcae sirdppingnd d

(f I ame- proof encl osure) all electronic conponents having a spark
risk are locatPHithin the encl osures 161 and 165 30 whi ch are

expl osi on- proof.  FurdFigfyiice thieh@bgagécofiothe condialiemtingc addtiedisewhi ch
could give rise to sparks and WO 96/ 24056
PCT/ US96A80805 in response thereto.

11. A process according to Claim 9, including
taking the minimum value of chloride concentration
during a batch cycle as the actual concentration of

15 that batch.

_ 12. Apparatus for analyzing the chloride content
of liquid, comprising:
stripper means to receive said liquid to be
20 analyzed and to strip compounds from the liguid by
passing stripping air through the liquid:
a reactor vessel connected to said stripper to
receive the stripped liquid@ and also connected to a
supply of reagent for reaction with said liquid;
25 an ionometry measuring cell connected to receive
the reaction products from said reactor vessel;
air propulsion means for propelling the ligquid and
reagent through the apparatus, thereby avoiding the
need for pumps in contact with the liquid being

30 analyzed; and



could therefore resu osion risk on as all liquid

i
propul sion is pneunatrtall“"i m‘& "mll"u ‘—“FTgure 4 is an el evational
vi ew of the right-hand abi net 153 and shows the air
inlet 127 and 5 t he naln Switch 167 as wel | as the main el ectrical
connect or bowd®#4ns t he outside of the cabinet. RUTHiN600805 hows
a typical plot, obtained in practice, of the ionometry cell output

signal during a succession of batchw g neasurlng cycles with a 10
repetition frequency of 12 nut es. froH1F|gure

5, when the reaction ntrof MRAQSs £Pr, SPnEﬁ?Hl?$ea?%ﬁg’ﬁ§eengc§P 38 the

i ononetry el ect roags@h&ﬁg&ngslc@fnfsucrde%eivbomtbhg@ ofl14Ruid in kagal ting
formthe upset of the change of sample, .and 15 t hen progressively return

to a stable out pubtEiPReR e reactign dResgyd| BLAR% ViSFetunRnd: Bhee
out put” signal isjgnometihCopk él:l&t‘?xo‘Pp'lﬁhsh§gt 2580mdy} 1T, CLARr @pessor as

t he actual chloride concentration an as can be seen rom

Figure 5, tBe val bat¢hwise pramsisme substantially 20 20 ppm

Any attenpt to operate on a continuous on-line basis results in an
inability to derive a satisfactory val ue because of this upsetting

i nfl uence of the sanplEs. Appandaamea&aorraenght@rw'rb&ncmzqelahaatfh@aheut
signal. W 25 have_found that by av0|d|n he ObVIOUS stendency to aim

for an on-line cotRfHIGIRY FWFL Heansec gk d?{Ftlng ligid&e EA29ni ni num

"stable output” vatugohePGddiel, 1n1t&EkQﬁbdQ%SPﬂﬁﬁﬂkﬁﬂkﬁo%t%hBBthOver the
cycle and derive what is an accurate indication. This can be verified

30 by déP|V|nga%het@u§¢Rﬂ sfinjmperdvessglanpassing said sgxippedii on cycle
when the same patif&u fofbﬁh§§fawg%;1pper vessel to said reactor

vessel, communicating said reactor vessel with said
reagent supply and urging reagent from said supply into
‘said reactor vessel, and communicating said reaction

15 products with said ionometry measuring cell on

completion of the reaction in said reactor vessel.

14. Apparatus according to Claim 13, and. furcher
including means for introducing stripping air into said
20 reactor vessel after a predetermined reaction time has
elapsed, for stripping a constituent of the reaction

products in said reactor vessel.

15. Apparatus according to Claim 12, and further
25 including a pH sensor in the feed to said stripper

vessel.

16. Apparatus according to Claim 15 and further
including filter means in said supply line for liquid

30 to said reactor vessel.
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giegﬂ 61.bg'?al/w th di ffer,i”mummuﬂﬂﬁm val ues. of m50 ppmVZInSGSCSmee

durlngthe parts of the alito®calibration cycle. 5 In Figure 5
t he absci swa9é/s4056 neasur ement of tinme - I n m nutes an®CT/UsEmosiSnate is
the chloride concentration in ppm WO 96/ 24056

PCT/ US96/ 00805 2 7 WE CLAI M

1. A process for analyzing the chloride c%ﬁtent of a liquid,
conprising the stepdof : Apparatus aceerding i }@idc4RboA89and hydr ogen

sul phide from 1nc1udfigb§hp319fsﬁﬁﬁl}'éﬁﬁf&e adapted to eh8gitg89 the liquid
batch with a single oxidizing d acidifying reagent "to oxidize
HS[err] and S[ @neunagicaliyodriven control valves of the apparatus,

and to supply a pressure reduction system to ensure the

5 availability of reduced pressure air for said air

propulsion through the apparatus.

18. Apparatus according to Claim 17, wherein said
pressure reduction means includes first and second
10 separate pressure reducers, said first pressure reducer
generating a flow of stripping air to be passed through
the liquid being prepared for analysis, and said second
pressure reducer generating said propulsion air at a
pressure above that of the stripping air but lower than

15 that of the system air used for controlling the valves.

19. Apparatus according to Claim 12, and further
including means for periodically cleaning the reactor
vessel and the ionometry measuring cell after a

20 predetermined plural number of ionometry analysis
cycles and for controlling the duration of such a

cleaning operation.

20. Apparatus according to Claim 12, and
25 including means for periodically auto-calibrating the
ionometry measuring cell by introducing pre-prepared
solutions of known chloride concentration into said
cell and controlling an autométic analysis operation to
verify the accuracy of the ionometry or to establish

30 the error in said ionometry.



sul phate ions, and to |lo 1““‘““ liquid to be 10 anal yzed; and
then anal yzing the chl ernm\“ﬂmun“ the—product s ‘of the reaction
by iononetry. Z. L APprdcess according to Gaim1l wherein the
analysis is carried out using a special specific ion 15 sel ective
el.ectrode to aybbv@sdesd he chlorine ions of the react i ONPCI/ES96HEROS

3. A process according to Caim1l, and including the step of
stripping bromne fromthe reaction m xture 2 2 after t he oxi dation and

before the iononetry anaIyS|s Erocess according to
Claim1, including the 21- APRaxgiusfaccording to Clajmhnghsreipesaid

apparatus after eaglehobllihoge fh mediRFNoRitiaRBHean obd e Gl ARl y2od

and ter a predeterm ne ural nunber
wi se operati ons, reeqaénblallmgﬂifﬁenﬁmgaﬁmp@é155|qg d;fferenun5§m@apdesanple
wi th known chloride_conte accordlng to

t. 30 p €sS
Claim4, wherein ngﬁpareg s°%"é'fﬁﬂ t"‘f"otﬁ1 cﬂf}gr’fgfﬁ}ﬁ ﬁ@g ?/eral di fferent
standard 5 co@eflfr3ddb6fs and for carrying out sequential
PCT/ US96/ 00805 . . . . .
ionometry operations with the different solutions to
establish the accuracy and/or determine the error at

the various different chloride concentration levels.

10 22. Apparatus according to Claim 20 and including
means for adjusting the processing program to correct
for drift ascertained during a said auto-calibrating

operation.

15 23. apparatus according to claim 12, and further
including electrical and/or electronic components,
wherein all of said electrical and/or electronic
components which are liable to create a spark or other
explosion risk are housed in one or more explosion

20 resistant housings and all other components of the
apparatus are outside said explosion resistant

housings.



solutions with different chloride contents to effect t he analy5|s

6. A process according to Oaim4, am the—step—of

“flushing the reactor vessel and the iohbnetry cell after a series of
' sai d batch-w se operations has been carried out. S T7. A
precess accoP@E %% Caim6, wherein said 10 f1 ushi ng i PCT/BsYGIesHS OUL
usi ng dem neralized water. 8. A process according to any
one of the preceding clains, wherein the liquid to be analyzed is
process water froma hydrocarbon dlstlllatﬂds pl ant, 15 and i ncl udi ng
the prelimnary step af filtered said process water and then
measuring its pH val @ before o subjecting it to said stripping,
reacting and iononetr Q RS. L0 9. A process of
controlling the dgsage 0O ndi t@ooni ng additive to control the
chl ori de content op mate‘ conprising analyzing the chloride
content of the pr¢c w&EPe Ste of : stripping
hydr ocar bons and hy 2LQm 2 a batch of tthEiquid
reacting the liquid &h withva s\n B oki di zi ng and aai di fying
reagent to oxidize eoY | anng[err] I ons into sulphaCE)lons and to
| ower the pH of the<sigyid to be : analyzedggand ll.
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30 then anal yzing the chloride content of the products of

the reactton—by Tonometrry, —WO 96724050

+ PCT/ US96/ 00805 and conprising the further step of adjusting

" the dose of said conditioning additive in response to the

- chl ori de coMx6{24886i on det er m ned. 5 10. A prodsTasaeensesdi ng to
Caim9, and including the steps of: nmeasuring the pH of
the liquid before stripping, and verifying the dosage of
the conditioning additive 10 in respgﬁée t her et o. 11. A
process according to daim?9, including taki ng the m ni mum val ue of
chl ori de concentration during a batch cycle as the actual
concentration of 15 t hat batch. 12. Apparatus for

anal yzing the chloride content

POTENTIAL (V)

1,6




of liquid, conprising: - stripper neans to receive said liquid
to be 20 anal yzed and to strip conpounds fromrthe |i gquia—by

passing stripping air through the |iquid; a reactor vesse
connect ed Wo%%gl“stri pper to receive the stripped liquid and al so
connected to supply of reagent for reaction wth ssrmwusdebonsbsl; 25
an iononetry neasuring cell connected to receive the reaction
products from said reactor vessel; air propul sion neans for
propelling the liquid and reagent3/t5hr ough the apparatus, thereby
avoi di ng the need for punps in contact with the [iquid being 30

anal yzed; and WO 96/ 24056

PCT/ US96/ 00805 control neans for controlling the charging and
di schargi ng of successive batches of liquid in said stripper, the
reaction in said reactor vessel, and the | ononetry operation in said
lononetry cell, all inb5 bat chwi se manner. 13. Apparatus
according to Caim12, and further i ncludi ng control neans for
admtting liquid to-said stripper vessel, initiating application of
stripping

159) (161 163) 165
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10 air to said stripper vessel, passing said stripped liquid from

said stripper vessel to sard reactor —VESSEr;  commmteatRg—satd—
reactor vessel with said reagent supply and urging reagent from said
suppl y inta,- said reactor vessel, and conmunicating said reaction 15
products w 07624056 i ononmetry neasuring cell on conplretriusgsrnbost he
reaction in said reactor vessel. 14. Apparatus according to
Claim 13, and further i ncl uding nmeans for introducing stripping air
into said 20 reactor vessel after a psedet erm ned reaction tinme has

el apsed, for stripping a constituent 016 he reaction products in said
reactor vessel. 15. Apparatus according to Caim1l12, and
further 25 including a pH sensor in the feed to said stripper

vessel . 16. Apparatus according to Caim15 and further
including filter means in said supply line for liquid 30 to said reactor
vessel . WO 96/ 24056

PCT/ US96/ 00805 31 17.

Appar atus according to Claim12,} and

© 0 0 0 0O

127

Fig.4.
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including an air supply source adapted to energize
pneunatical | y-driven control valv (==Y : anmd—to—stppty- a
pressure reduction systemto ensure the 5 availability of reduced
pressure air for said air propul si on through the apparat us.

18. Appar atW9962498¢ di ng to O aim 17, wherein said ' prBERUSEOOREUCt i ONn
means i ncludes first and second 10 separate pressure reducers, said
first pressure reducer generating a flow of stripping air to be
passed t hrough the liquid being gr pared for analysis, and said
second pressure reducer generati said propulsion air at a

pressure above that of the stripping air but |ower than 15 that of the
systemair used for controlling the val ves. 19. Apparat us
according to Caim12, and further in g means for perpdf&ally

cl eani ng the reactor vessel and the rQne
20 predeterm ned plural nunber of iononetry‘i
for controlling the duration of such a

20. Apparatus according to Caim 12, and 25
periodically auto-calibrating the .iono
i ntroduci ng pre-prepared sol utions of KpoWr
into said cell and controlling an ast=tha
verify the accuracy of the iononetry or to estA

said i ononetry.
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1. 7Apparatus according to Craim 17, wherern sar d aut 0- caj
nmeans i ncl udes neans for selecting sequential ly differenig
different said pre- prepared solutions with differing cEERAd
concentrations m-li carr Ydafp Mt eSRAL PbbErY ORGANIZATIONONOTEL I WRERSY
with-the differ olutions to Inematingi Bigas h t he accuracy ane
det er m neINTERNATIONALSAPPLICATION WBILBEEDLINEBR‘ THE BNI'EPCIT\C&DPERA

| evel (51) fiona) Patent Mnﬁ\pparat usTac o T ar Na T RCAE 00 , //
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{54) Title: CHLORIDE MONITORING APPARATUS AND PROCESS

(57) Abstract —

A chloride analyser includes an inlet valve and filters for process watcr to be analyzed, as well as a pH ¢lectrode to verify the pH
value of the incoming liquid before further treatment. A stripper bubbles stripping air through the process water to remove hydrocarbons
and hydrogen sulphide therefrom, and the discharge line from said stripper feeds a reaction vessel to which also reagent from a supply
vesse] is passed. After a suitable reaction time, optionally followed by a further air stripping operation through air supply line, the reaction
products are fed via line to an ionometry measuring cell where chloride analysis is carried ont vsing a specific ion selective electrode.




