1 - 2068540 A METHOD AND APPARATUS FOR TESTI NG THE .
EFFECTI VENESS OF CHEM CALS SUCH AS SCALE | NHI Bl TORS OR SCALE REMOVERS The -
knvention relates to a nethod and apparatus for testing the effectiveness
and performance of various chemcals which can be added to liquids to
prevent undesired phenonmena, such as deposits, which may occur in, for
'*j:? nmple, flow lines or equip- 5 nent used in the boiler feed

' dustry, power plants, etc. under certaih circumnstances. The%ée&nﬁ@ﬂ
relates in particular to a nethod and apparatus for testing the
effectiveness and perfornance of various scale inhibitors or scale

removers. Wen a |y gt RO FESTTNGO I IR EeeAVINERS! Nat i on and
deposi tion may occur I n t flow |ne and scal e_coul d adhere to the flow
line wal | . The deposi ti on°§'f 48 tJCARELIVHEBTEPRE scal es, such as

[err] and [err] froma scal e- formog ggmlﬂ-,mmgrraj or problemin
|1 qui d-consum ng and/or |iquid-producing processes. 15 Serious danage is
often caused by such scales to all kinds of equipnent i ncl udi ng val ves,
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I nprove the oi tnderckdriaindeitemstandesu | | not be described here in detail.
Further, The invention relates in particular to & method end -

apparatus for testing the effectiveness and performence of
various scale inhibitors or scale removers. When a liquid flows
10 through a flow line scale formation and deposition. may occur in
the flow line and scale could adhere to the flow line wall. The
deposition of scales, in particular minera.i scales, such as
Ca.CO3, CaSOh a.nd'BaSQh from a scale-forming liquid is a majo:
problem in liquid-consuming and/or liquid-producing processes.

15 Serious damage is often caused by such scales to all kinds of
equipment, including valves, heat exchangers, pumps, etc., which
are used in said liquid-consuming and/or liquid-producing
processes. . _

| Scale inhibitors are widely applied in order to prevent

20 scale formation and scale deposition from a scale-forming liguid.

_ Scale removers are applied to remove scale, which has been
. : deposited from the liquid. ' |
. ' ' Liquid-consuming proceséés are for example carried out in
. oil fields. In particﬁlar a liquid, such as water, is consumed

25 in large quantities, said water, for example; being used for
water flooding in oil reservoirs. |
Water flooding is a knmown technique to improve the oil field
production and will not be described here in detail. Further,
most oil fields produce not only oil, but also water. Waters
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ost oil fields produce not only oil, but also-water.. Waters 2 used for

vat er flooding®just as produced oil field waters often form scal e deposits
wells and flow lines. Sone of the nobst serious problens due to scale
ormation in-oil field systens are stuck downhol e punps, plugged wel |

bores, plugged tubing strings 5 and perforations, stuck val ves, plugged
flow lines, etc. At the noment these scale problenms show up, it is usually‘”
too late for ‘a sinple cleaning job and costly repairs of some- tines

conpl i cat ed systens may be required2 In practice, scale prevention is done
by the injection of 10 various comercially available chemcals into the
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field water and/or the water used. for water flooding.

Many chemical service companies are orremg scale :.n-
hibitors for which they claim a certain performence. This
performance, however, can only be verified after spplication -

15 in practice for some time and it is very difficult and time- °
consuming to carry out in the field an evaluation of a mumber
of scale inhibitors. So, testing the effectiveness and perform-—
ance of scale :.nh:.'b:.tors is therefore usually restr:.c'bed. o
laboratory tests on model water systems.

20 The object of the invention is providing a method for
testing the effectiveness and performsnce of commercislly svail-
able scale inhibitors and their compstibility with other chemicals,
such as oxygen -scavengers, dmzls:..f:.ers, biocides. on location to
assist in the select:.on of the most effective chemicals.
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25 Another object of the invention is prmd:.ns & compact e
apparatus for testing the performance of a number of commercially . ‘
aveilable scale inhibitors om loca'b:.on. N .- -

Another object -of the invention is prond.:.ng an apparatus - -

and a method for selection and ranking of available scal_e ine-.
30 hibitors and for regula.r q_ua.‘l.ity—co:itrol checks on chemicals.
Another object of the inventi‘on is providing a method and
an a.ppa.ratus for test:mg the effect:.veness a.nd. performance of
scale removers.
The invention therefore relates to an apparatus for testing
35. the effectiveness and performance of chemicals, in'pa.?ticular



Anot her object of the invention is providing an apparatus and a nethod for
sel ection and ranking of available scale in-- 30 hibitors and for. regul ar-
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provi ding a nethod and an apparatus for testing the effectiveness and
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the chemcals to be tested in_successively different
effectiveness and performance of chemicals in a’“scale-forming

liquid, in particular scale inhibitors, comprising the steps of
supplying at a given flow rate the liquid through a flow line,
in which a test circuit is placed, measuring and recording con-
tinuously the inlet pressure to the test circuit during a
pfedetermined time at a predetermined tempefature of the test
circuit, thus obtaining data, which indicate the tendency of
scale forming of the liquid in the test circuit, adding subse~

quently the chemicals to be tested in successively different

concentrations to the liquid, at each addition of the chemical

in question repeating the step of measuring and recording

‘continuously the inlet pressure to the test circuit during a

25.

30

predetermined time at a predetérmined temperature of the test
circuit, thus obtaining a set. of data which indicate the
tendency of scale forming of the liquid in the test circuit
aftei'the_chemicals have been added.

The invention further relates to a method for testing the

effectiveness and performance of scale removers in a scale-

forming liquid comprising the steps of supplying at a given

~flow rate the liquid through a flow line, comprising a test

-circuit, subsequently removing scale in the test circuit after '

said scale has been deposited from the liquid, by adding
suitable chemicals ﬁo the test circuit and at each addition
continuously measuring and recording the pressure decrease in
the test circuit during a predetermined time, thus obtaining a
set of data which represent the tendency of scalé-removing from
the liquid.

tendency of scal erfeipvafkidh EffcHerdvbthids tbea tfttholi foititkst Sellithe Ssubse-

a predeterm ned



Sfsentrations to the liquid, at edch addition of the chemical in question

e ting the step of neasuring and recordi ng continuously the inlet

r ure to the test circuit during a.predetermined tine at a predeterm ned

erature of the test 25 circuit, thus obtaining a set. of data which

Tndi cate the tendency of scale formng of the liquid in the test circuit
after the chem cal s have been added. The invention further relates to a -
nmet hod for testing the effectiveness a performance of scale renovers in a*
scale- 30 formng liquid conprising the steps of supplying at a given
flowrate the liquid through a flow line, conprising a test .circuit,
subsequently rerr%i ng.scale in,the test circuit a .ter_bsa' d scal e has been
deposited from t & FRIEFESIR, OA(thh FoSHRTTIN SCEREMAE™ TB® RS test circuit
and at each vettion commeptisliyuairyilatleuscadye indibitomediang sl repsvems

decrease in t t . Cil Gl ' r ek i h OB, i ning
set of da!t ae\ﬁgﬁg%e%asa?gs% gfﬂgéég%dgﬁgy%hs%ggﬁ%%n%é%?@ﬁ?t eI I : qgi 3.

By appl i cat icheapfmaxnert echni que according to the in- vention commercially
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wal I. In purgnudnyas, |foguesangiequgimetall wall ow aagtess Madlpi essure 10 drop
cr1oLs, Over, 2 o sy ged e e AW Bt hedity Sheside (51
10 drop exists over a predetermined part of the flow line which .
serves as the test circuit. This pressure drop is known, because
the inlet pressure to the test circuit is messured and the outlet
pressure of the test circuit is atmospheric.
When water flows through a flow line at a given flow rate
15 without using a scale inhibitor, scale (for example CaCo, scale)
is formed in the test circuit and could adhere to the circuit
wall. The inside diameter of the test circuit will subsequently
be reduced, which results in an increase in pressure drop across
the test circuit. '
20 According to the invention the pressure to the inlet of
the test circuit is messured continuously and the measured
pressure is recorded during a predetermined time, giving the
change in pressure drop across the test circuit. Said pre-
determined time may be adjusted by means of a time adjuster.
25 The predetermined time may be set arbitrarily. The results of
the pressure measurements and recordings and the time ad~-
justments are repre_sented' in any suitable manner. This may be
done for exam;ple in a graphical manner which results in a pres-
sure drop versus time curve. The only criterion teken is whether
30 an inlet pressure increase can be noticed or not. The time re-
quired to build up a certain pressure drop represents the
tendency of scale forming and deposition in the liquid.
When a certain dosage of a scale inhibitor having a pre-
determined concentration.is .injected along with the water, the



of the test circuit is atnospheric: Wien water flows through a flow line

a given flowrate 15 wthout using a scale inhibitor, scale (for exanple

CaCO scale) is formed in the test cikcuit and could adhere to the circuit

walT. The inside dianeter of the test cifcuit will subsequent|ly be reduced,
shich results in an increase in pressureglrop across the test circuit. 20

ékc'cordl ng to the invention the pressure to the inlet of the test circuit is

- nmeasured continuously and the neasured pressure is recorded during a
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‘drop versus time curves at various concentrations of scale in-
hibitors are found to be reia.ted to the effectiveness of the
chemical added. |
15 To compare "inhibitive performances" of the variocus

fhe inlet pressure to the test circuit is nmeasured and the outl et préssur@
t #”

chemicals it is necessary to use a "blank" liquid, i.e. a
well-defined liquid with reproducible scaling performance within
a certain time, said "blank" liquid should be the same liquid,
to which the scale :.nh:.'b:l.tors are a.dded. For th:.s purpose tap
20 water msy be used. _
Other suitable "blank" scale-forming weters may be used,
for example artificial sea water. To achieve a distinct pres-
sure build-up within a certain time the scaling fend.ency of
these "blank" test waters involved may be increased by addition
25 | of a certain dosage of sca.le-fom:.ng :.ons, for example carbonate
_ ' ions.
. ' - When a scale inhibitor ha.s prove'n'to be. effective at a
certain dosage rate, it. is possible to investigate other
° " chemicals with respect to their compatibility with the scale
30 inhibitor by injecting those chemicals at the same time.
The present invention will now be described by way of
- " example in more detail with reference to the drawings, in which:
o fig. 1a shows schema.tlcally an example of the apparatus

according to the :.nvent:.on,
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-2 /6 the scale inhibitor. The longer the tine, the better the scale inhibitor
iven test.conditions. This procedure is repeated for a plurality of
fferent concentrations of the 10 said scal e inhibitor and subsequently
a.plurality of scale inhibitors at various concentrations and the
~ebt ai ned pressure drop versus tinme curves at various concentrations of
scale in- hibitors are found to be reI ated to the effectiveness of the _
chem cal added. 15 To conpare "ingibitive performances” of t he - A
various chenmicals it is necessary to-use a "blank"” liquid, i.e. a
wel | -defined liquid with reproducible scaling performance within a certain
tinme, said "blangig) IWUBW%MWWWOOMM the scale .
i nhibitors are added. For_}hi Qse t wat er may be used. O her
suitabl e "bIW‘E‘&I’@‘WB‘?’rﬂ%% V\é’ % used, for exanple artificial
sea water. To achigye &eﬁrﬁemetemmeuerkdmmmm certain tine

the scaling endenc of these ank" te V, y be increased
by addition 'éi:(; f‘?ﬁ% éﬁ@g 8% g%”a@%?’r# r%égjlhoﬁésjb dr exanple
car bo_natg [ ons Wen 33“9’*%“;:@“’3@‘3@1’9“’5“‘) thneeéﬁm,l vle at ah )
certain dosa ate S sible tp_l.oV | gat cnﬁgzcasvmt

respect tot tbfl %qﬁgdéaéﬁoé gg Eiér%lilg\i?or )? I njecting )
éhose Ehgmbmaitﬁ.bﬂt?t hﬂ.ﬂngea. tpreﬂetéha‘.npdewaeniﬁm Go the Itasﬁw 3e .
escribed by _way_of _ex !:rﬂ e‘{% e drawi ngs, =
i n which: fi %ﬁg’%ﬁe 'l[d"%%e? ﬁbexarr‘%l ggo :ﬁgggﬁ%gr%t us according

to the i nvem:ugsn, 1a and 1bs

10 fig. 4 shows a similar curve as was shown in fig. 3, but
. in this example a h:i.gher concentration of scale inh:‘.’bi;bor was
added; | : '

fig. 5shawsasm:.lareurveaswasshmmﬁg.3and
‘£ig. 4, but in this example a.higher concentration of scale
15 inhibitor was added than in case of fig. 4; - |
fig. 6 shows a pressure drop increase versus concentration
inhibitor curve, representing the pressure drop increase after
h hours' testing in tap water. '
Referring now to fig. le. an appa.ra.tus for testing scale
20 inhibitors or scale removers is shown schematically.
From a suitable storage wessel 1 water is pumped by any
suitable pump 2 into a flow line at a flow rate of 1.6 1/h.
By means of a chemical dosage pump 3 chemicals in various
concentrations such as scale inhibitors or scale removers, can
25 be added to the water. To achieve a good mixing intensity between
the chemical to be tested and the scale-forming liquid an in-
line magnetic stirrer 4 is installed in the flow line.
~ The pressure drop across the flow line is indicated by &
'preesﬁre gauge 5 and masy also be registered on a recorder T
30 by means of a pressure transducer 6 wh:.ch converts a mechanical

a

signal into an electnca.l one.

For safety reasons a safety preesure switch 8 which is con-
nected in any suitable manner to a pressure control unit 9 may
be inserted in the flow line to prevent the pressure exceeding a



‘fig. I b shows schematically another exanple of the apparatus-according to -(éj¢
the invention; fig. 2 represents a pressure drop versus timnme curve shoving
.the scaling tendency of two suitable test waters; fig. 3 represents a
‘pressure drop versus tinme curve, .representing the i nfluence of addition of
atertain scale inhibitor having a predeternined concentration to the test
awaters, whi ch are used in the apparatus az;represented in figs. la and 1b;
M0 fig.4 shows a simlar curve as s shown in fig. 3, but in this
exanpl e a higher concentration of scale inhibitor was added; fig. 5 shows a
similar curve paedetesmihedmeximin @lldwabile pbrgssuke,bih thzsthxsmpieanple a

hi gher concen i of I S case of fig.
4, fig. 6 shomgaéa %%és@%agggéﬁ%ggjé%%sa%%ﬁ E%F?%%el % ?bl tor
curve, repr es@ntalngs.ptphea'pxses’surmun'eﬂ inopebabivenbyeswitchiog LR éssing in

tap water. #%Pg%/to fig. la an apparatus for testing scale 20
inhibitors or sca e vers is shown schematically. Proma suitable

storage véssel 1 Viaeeduratisogpef Eo)teahycmub?ameﬂuwptm thet &id ofl 8w | i ne at
.a flowrate ofije Q#ﬁteﬁy wﬁ‘i@ﬂsmoﬁzhﬁs £&!1 493306 Lﬁgdg‘t%}%ﬁbfal s in

VArious concentr at ns such as scal I nni tors or sca ere ers, can 25

be added to tmtmherprqsﬁ%hpm M%%ﬂ@qtﬂﬂ-brfzﬂs&ycbm%ehsthe
-chem cal to bgi1i&sd 8 @NtherhBs 'ceFéﬁi ”i'onﬂné'ﬂuh-ﬂpﬁék Red! 441§ 1mRgNEtiC

sfirrer 4 is installed in the f I ne. pressure drop across the flow

line is indi cBRdipdp bl dbsbestysigenis a-ﬁdhﬁrﬁé‘s?datecﬁ- raitalist ered on a
- recorder 3p 30ge 28 St dfpePabi®es S Hh CoHlilsA B AR ﬁ?ﬂ‘@' RSOt S a

nechani cal signal into an el ectrical one. For safety reasons a safety
pressure SWi t epcly testcbhe $espneircuit is cleaned by flushing the flow

line and the circuit with any suitable liquid, for example
0.1 N hydrochloric acid. -
| Fig. 1b shows an advantageous example of the apparatus
15 of the invention, comprising a storage vessel 1 and each flow
line having & pump 2, a chemical dmge pump 3, a. stirrer i,
& pressure gauge 5, a pressure transdacer 6, a pressure switch 8
" and & test circuit 11. Both test circuits 11 are placed in &
thermostatic bath 10. Both transducers 6 are connected in any
20 suiteble way with the recorder 7. Both pressure switches 8 are
connected in any suitable way with the pressure control unit
a:nd time adjuster 9. Each chem:.cal dosage pump 3.is connected
in any suitable way with each. flow line. '
Figs. 2~6 represent the results of a number of comparative
25 = tests of a known scale inhibitor, which has been carried out w-.:.t_h
the spparatus and the method according to the invention. The
inhibitor, which has been tested, was succesgively added to the
two test waters in successive. concentrations in the range of
" 0~20 mg/l, respectively.
30 In fig. 2-5 the horizontal axes represent the adjusted
" test time in hours, whereas the vertical axes represent the
obtained pressure drop in bar.
Fig. 2 represents the results of two suitable test waters,
‘viz. tap water (curve I) and artificial sea water (curve II),
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- Fig. 3 represents the results of the addition of a certain
inhibitor in a concentrat;cn of 2 mg/lto the test waters as
used in- fig. 2. .

Fig. 4 represents the results of adding the same inhibitor
as used in fig. 3 in a concentration of 5 mg/l.

Fig. 5 represents the results of adding the same inhibitor
as used in fig. 2 and fig. 3 in a concentration of 10 mg/l.

Fig. 6 shows a pressure drop increese versus concentration
inhibitor curve after 4 hours testing in tap water. The wertical
axis represents the pressure drop increase in bar, whereas the
horizontal axis represents the inhibitor concentration in mg/l.

From the curves of figs. 2-6 it can.be seen that the rate
of pressure drop increase depends on the concentration of the
scale inhibitor added to the water. It will be clear that no
pressure drop exists if the path of'the_curve is horizontal,
so that no plugging :axists. So, the path of these curves can be
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i'nhi bitor, which has been tested, was successively added to the two test . -
wat ers in successive concentrations in the range of 0-20 ny/l,
respectively. 30 In fig. 2-5 the horizontal axes represent the
adjusted test tine in hours, whereas the vertical axes represent the
obtai ned pressure drop in bar. Fig. 2 represents the results of two
"suitable test waters, viz. tap water (curve I) and artificial sea water
(ctirve 11), both enriched with 50 ng/l dissolved carbanate. The
.conposition of these two waters is given in Table 1 below . TABLE 1

Conposi tion Ofco'iﬁh&éttgf akChdinia el St ddORBOtH effectiveness and performance
Concentrati on, n% Tap wat er Artificral sea water [err] 93

396 [err] 1§Fale inhibitor. 1361 [err] not
present A great vafié@% b£'ddnle lnhlbltors cad be tested with the

2820 [err] 20500 [err] 198
73 [err] appﬂ.gg.txﬁ @§eﬁ¥e invention. The test7resilte of a mumber of

12450 Fig. 53 réi:l@ﬂ.ésﬁm:.?oﬁbﬁs ra@-&%&ﬁm@‘izéaeinad:dbié @beima Wbl dF leRBhpid Or

i-n a concentratlon of. 2 to the test waters as used jn fi 2. Fig.
4 gepresents theVitshe & e%FﬁgtWe%%]rﬁa% A B G'P %%h%ﬂglﬁ‘%@ e.3 in
a concentration of 5 gg/l. Fig. 5 represents the results of adding the sane
i-nhibitor as used in fig. 2 and fig. 3 in a concentration of 10 ny/l.
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10" . Fig. 6 shows a pressure drop increase versus concentration

i nhi.bitor curve after 4 hours testing in tap water. The vertical axis
represents the pressure drop increase in bar, whereas the horizontal axis
represents the inhibitor concentration in ng/l Fromthe curves of fi'gs.

2-6 it can.be seen that the-rate 15° of pressure drop increase depends on

the concentration of the * scale inhibitor added to the-water. It wll-be ]
clear that no pressure drop exists if the path of the curve is horlzontaLL A~
so that no plugging exists. So, t i@ pat h of these curves can be
considered as being related to the effectiveness and performance of the

&

scal ——A_gLeqk-¥aahe%y—e#—eea#e-hnhhbh&eﬁs-eaﬂhbe tested with't
~apparptus of tHe invent}ion. The test results of a nunber |of 5 scale
inhibjtors are jsummariZed in Table 2 bel ow by way of exafple. It will be:s:
appregi at &gt hgt JJ§bl e 2o son@h &N &XRAUSE I RY X3R4 Ew | 10 [err] The -7
flow | ine*cgnprli §§ 89 tHe™t eSt *Ti Reukt Tray be nadg of ghy|material suitable < -°
for the p&Hosq, far exanpl e polyethylene An advantageoLs test circuit - -
whi chl can §g L det=rs—e-jst-ai-r—tess—steet—ecapreary—test—tube, 1 mlong and=a.ﬁ
havi ng 1 @nﬁmﬂsr oD dijameter. Any wall material suitablg for the purpose T
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tenperature of the water entering the test circuit alnost im nediately
approaches the tenperature of the bath. The tenper- ature of the bath can
‘be any tenperature suitable for the 10 purpose. The water may be punped by
any suitable punp at any variable flowrates. If a stirrer is used, said
stirrer may be any stirrer suitable for the purpose. Tests may be carried
out with any suitable maxi num al | owabl e pressure. Any suitable pressure

"easuring neans may be used. 15 Thdlduration of a test can be any
suitable time length. A very advantageous enbodi ment of the apparatus of
the invention co I | aﬁF, I sing a
test circuit and er eqU|pnent Belo g?ﬁg'%%klggaf?% e app?gilated

that the invesny mte:smadotsut-'e&lrea for thz0 pRIDQasst For) exemple iptlybtintiene. The
i nvention can al Sﬁn ﬁ%gﬁé&é%gégvﬁﬂ%ﬁ%%%ﬁa@&%etﬁséfsﬁ Lhﬁtag_nt-ors

ef fectiveness and orma ce and the conpat scale In
with various Ja¢ﬂﬁrﬁ§a¢-'s capitlanys test riodesn? mﬁ-uoutm haviag dnmscineddger s,

bi oci des tc fqu I that
any 25 tes? I|qU| swAngb (glratt %ﬂp%?z%gé%ém%§§%ﬁuéhgﬁ%ét Q’\%}'h? slsrtiher be
appreci ated that The Flevuregions and tasht condiddops carsysuchddetr thent s and

recordiNgs AnglelBedf b Rt ERYertRrPh RS 8s DY i3l £ thisBt il 0CESSI N
nmeans such as “conput er. ACCOI’ Ing to t Invention It Is SO possl ble to

raove scal e 1%11&#'-? spPrRachesc the fmpenatyre RE Fless tbashy (Thet tempeRtdi ng
sui tabl e chenigalesof O @ath Hinlve @Wmhﬁﬁeﬁmﬁws%;ﬁ% ﬁﬁdftﬁée crown

et hers, dewaxers, etc. After said chem cals have been ad to the test
circuit, fRe PHIOSEr cThee NRER @EXCPOSIMPRE Y3 SOV cFRdEbLe | BmRe 88 8% and

r ecor ded CONtyd{@use Vriow rdfes. If a stirrer is used, said. stirrer may be
any stirrer suitable for the purpose. Tests may be carried out
. with any suitable maximmm allowable pressure. Any suitable pressure
m.easuring means may be used.
15 The duration of a test can be any suitable time length.
- A very advantageous embodiment of the apparatus of the
-invention comprises more than two supply lines, each line
- comprising a test circuit and other eq_uipment belonging %o it.
It will be appreciated that the invention is mot restricted
20 to testing scale inhibitors. The invention can also be used in
an advantageous manner to test the effectiveness and performance
and the compatibility of scale inhibitors .with various chemicals,
such as corrosion inhibitors, oxygen scavengers, biecides,.etc.
Further, it will be clear to those skilled in the art that any
25 test liquid suitable for the purpose may be used. It will further
be appreciated that the results of the continuous pressure
measurements and recordings and time adjustments may be

)

processed by any suitable processing means such as a computer.
According to the invention it is also-'possible' to remove scale

30 after it has been formed in the test circuit by adding suitable
chemicals to the liquid. Examples of such chemicsls are crown |
ethers, dewaxers, etc. After said chemicals hayve been added to
the test circuit, the pressure decrease across the test circuit is
meesured and recorded continuously.



n apparatus. for testing the effectiveness and perfqrmance of

Jcals, in-particular scale inhibitors or scale renovers conprising at. = -
one flowline, in which a test circuit is present, at |east one neans

ted to supply a constant flow 5 of a_scale-formng liquid froma o
storage vessel to the test circuit throughmgi ven flow. .

rate, at |east one means adapt ed éo add chen'lm id and | ocat ed
upstream of the test circuit, | east one m m JH measure .
conti nuousl y--t he inl et pressure to the test cfrcuit: 10 ng a

pr edet er m n&t4e and neans adapted to record the rreasured pressure val u

at a predetermned tenperature of the test circuit. 2. The apparatus as:
clal d | claimil, ere| hetes circuit is | ary test tube. 1%
aﬁpafﬁgt‘%% %ﬁf"z‘i \ﬁ’fﬁ?%laﬁ'ﬁt ét" %/‘h be is a

'sr ai r&ﬂeaheﬁcﬂls t:l.&)eparéictiﬂhe amb! a.hhxbmrslerrmnmmyeu\e of clains 2xor'};.‘;'.,..:'.
3 wher ei e u on ag Al Jiggmeter of 1 mm ’ZO_'--’
5% %&;\Pgsﬁaasattcpar m—:'(?;r jr::%e yg’éﬁ‘gﬂd‘? clai ke Q%é‘,& c%%} prising a SRR
ther noesent £ atalbast oneimesnst adapted: teisupply 4 wopbtantiflew  The apparatus’
cl o [ s adapted to adj ust
2 CldE I°Gedid Fokmille 18hufid 3068 Jlsiurséug?eagaf 30 tte "RAR p j ustg.

urin sure i s nmeasured and recorded 7

The aqip‘m!&t L@raysbltémﬁaow riiaﬁyabweséven: |Edpwsrates atikasstn

JaC pkiSS SHESedd tOPAG chdnbYa ks R6CARNINEqEANAAd focatBle apparatus as a
clarned in any one of clainms 1-7, wherein the nmeasured pressure value is .. . -
r ecOr4RSYTRAM OF; the test cixruite at l’FﬁEta‘iPﬁaPﬁf’E% adaptediithed in claim 8, Tanl
wher gidashfe donteheiisl Fs:mam&ep&d&suaeeuastaé tdst! epeduiene pressure ST

6ans&iu%gtet£ ;M l}rgdtegeerginey tineeand means adapted to record the

measured pressure values at a predetem:l.ned temperature of the
test circuit.

2. The apparatus as claimed in claim 1, wherein the test
circuit is a capillary test tube. '

15 3. The apparatus as claimed in clai.m 2, wherein the test tube
is a stainless steel tube. : .

4. The apparatus as claimed in any one of claims 2 or 3,
wherein the test tube is 1 m long and has an inside diameter of
1 om.

20 5. The apparatus as claimed in any one of claims 1-4, com-
prising a thermostatic bath, in which the test circuit is
placed. Lo
6. The apparatus as claimed in any one of claims 1-5, com=- _ .
prising a means adapted to a‘djust the time during which the

25  inlet pi:essure is measured and recorded.

7. The apparatus. as claimed in any one of claims 1-6, wherein

the pressure is measured by a pressure gauge. S
8. The apparatus as claimed in any ome of claims 1-7, wherein y ﬁ
the measured pressure value is ‘recorded by a recorder.

.. 30 9. The apparatus as claimed in claim 8, wherein the recorder

is connected by means of at least one pressure transducer with
the flow line. ' - o



10. The apparatus as clainmed in any one of clains_1-9, com prising at
I'east one safety pressure switch. 11. The apparatmal m 10
conprising a pressure control unit. 5 12. The aﬁ din
any one of clainms 10 or 11, wherein the maxi mum al Mﬁ"ﬁm ﬂﬂrs 1500
nmbar. 13. The apparatus as clainmed in claim11, wher®irf the neaﬂ apt ed to
.. supply a constant flow of scal e-form ng If‘aw d consists of a punp. 10

Tife -apparatus as clainmed in claim13, wherein the punp is a pl unger purrp
15. The appar ggus gg,gﬁ :[%gmg_ e 1 ei.gpl he means
adapted to addfgher%ﬁga ﬁtro eagsga e- Po%tgn ng |%&ch%%ir?ss\ll\gte% of a chem cal
dosage punp. 1Brisipg at feastmer sefefyapresaureeevitehany one of cl al ms 1-15,
com prising ajp!i Thelagparhbies falsO¥dinad. 1d ¢1aIH 1 APRSEgHSngS Cl @i Med in
claim 16, wherein the stlrrer is an in-line magnetic stirrer. 18.*The
apparatus as cPEgspvge; ¢Pokmpl gdtof clains 1-17, com 20 prising a

plhurfil l Ity 6f fLow Fhé%ppa&'&ﬁﬁs Qlsr €16 fmed w@a&yo%a%msu%menﬁo forr mﬂggngTh
chem cal s s for_neasurin e pressure and, r ng neans._ 19. e
appar at us as c?ﬁ‘?’?ﬁ"&& e Lﬂﬁg 5)#:' ‘a%&r*n%ref**ﬁtge ’xﬁnig@ r‘Flbf’ﬂe flow 1ine
cqQpri sing theuestrhelappatatuas agbcbaimed2in clpdh)ist bhexsin tRd medhe apparat us
as clainmed in eof clains 1- LisS t est It having a
nmetal wall. g&k&%gr a usélppg{ubsfatﬁ%taatl y °<'¥s% cca;lgb'g fC\Je é‘geci fication
agd | I | ust rat ecorigistagef & pum@ of the acconpanying draw ngs.

10 14. The apparatus as claimed in claim 13, wherein the pump is

a plunger pump.
.15. The apparaﬁus as claimed in any one of claims 1-14,
wherein the means adapted to add chemicals to the scale-forming
liquid consists of a chemical dosage pump.
15 16. The apparatus as claimed in any one of claims 1-15, com-
prising a sfirrer in the flow line,'
17. The apparatus as claimed in claim 16, wherein the stirrer
is an in-line magnetic stirrer.
18. The apparatus as claimed in any.one of claims 1-17, com-
20 prising a plurality.of flow lines, test circuits, supply meaﬁs,
means for.addiﬁg chemicals, means for measuring the pressure
and recording means.
19. The apparatus as claimed in any one of claims 1-18,
wherein the flow line comprising the test circuit is made of
25  polyethylene.
20. The apparatus as claimed in any one of claims 1-19, com-
prising a test circuit having a metal wall. _ |
21. Apparatus, substantially as described in the specification

.- K4

and illustrated in fig. 1 or 2 of the accompanying drawings.
30 22, A method for testing the effectiveness and performance of

.(’

chemicals in a scale-forming liquid, in particular scale in-
hibitors, comprising the steps of supplying at a given flow
rate the liquid through a flow line, in which a test circuit is
placed, measuring and recording continuously the inlet pressure

35 to the test circuit during a predetermined time at a prede-



J—~22. A nmethod for testing the effectiveness and per f or mance of
cg mjcals in a scale-formng liquid, in particul ar—scate—+t—hibitors,

C i sing the steps of supplying at a given flowr Laur d through a
line, in which a test circuit is placed, maasu?mﬂlmﬂﬂnﬂghjmnp
continuously the inlet pressure 35 to the test ciraodl .
predetermined tinme at a prede- 14 terrg ned tenperature of the test
circuit, thus obtaining data which indicdffe the tendency of scale formng >
of the liquid in the test circuit, adding subsequently the chemicals to be

tested in sutessiiedetsupsiraturemf the et ey, ehushabtalning dafa ot each
addi tion of LiigafGHhEAe itheiiiRiohe) JEOBEALS Tarhiy HrePnd L RAEUL NY and
recordi ng conti nuous iY the inlet pressure to the test ctsrcw during a
pr edet er ni neghe| tAstaeizeudteadding; FURPQINRREIY: thP CRARICALS (R9sPeci rcuit, thus.
?bt ali Si ng a %E&téhlf {fabdciddstVely) dil 6P renitheoriicentescsonal t6 Celiec 1iquid,ng of the
iquid in 10 the test circyit afjer, the,chem cals have been, added. 23.
The met hdd a&tc?%ﬁhmégé:['#"& afrﬁhsz %’UrFﬂE’i %ﬁ'n‘ﬂ“?ﬁg%tr@Be ?P%ﬁbﬁr7 § the
obt ai ned r esylft fedduirthg Ahd Pcordiing Codntinuddslynehelainletf prdasute| tmk” - .
l'iquid, which data are reference data L s.clal i claim -
25 or “2ar whahe, At iTEie AR, bRuardendult ERAINE BpfedlefBiag © 0 T 7
as cl ai med i tenpetatn?d af the, tedtccirenithethus wbgaining aj setjof| daka water. %
26. The net hg l.al ' L Eyranfad bf LYRE'BiqRi1d fpsage of a &
chem cal is Xgﬁ #gifﬁgg'%Paﬁ@eeﬁPguﬁl s%%o ﬂ7I‘|£lr11%rease thél_scal I ng
t endencylGof shedtéstyeicult7 afmer: thet chanicale haveckesm addedm 26, wherein a
dosage of 50 50/ | P MRONKYE Gs! OflSinled fdAd1h 2% ,NRonp#Hb1dg the step of
comparing the obtained results after adding chemicals with the
data of the "blank" liquid, which data are reference data.
- 24. The method as claimed in claim 22 or 23, wherein the
15 liquid is actual oil field water.
25. The method as claimed in claim 22 or 23, wherein the
liquid is artificial sea water. _
26. The method as claimed in any one of claims 22-25, where
a dosage of a chemical is added to the "blank" liquid to
20 increase the scaling tendency of said liquid. _
27. The method as claimed in claim 26, wherein a dosage of
50 mg/l carbonate ions is added to the liquid.
28. The method as claimed in any one of claims 22-27, wherein
the chemicals to be tested are successively added in concen-
25 trations in the range of 0-20 mg/l. |
29. The method as claimed in any one of claims 22-28, wherein
the temperature of the test circuit is about 90°C.
30. The method as claimed in claim 22 or 23, wherein the
liquid 1is taﬁ water. _
30 31. The method as claimed in any one of claims 22-30, wherein
the given flow rate is 1.6 1/h.

Cah VR



28. The method as claimed in any one of clains 22-27, wherein the chemc

to be tested are' successively added in concen- M@n&_l_n__tm rang ;2-'

of 0-20 ng/l. 29. The method as clained in any on 22-28, wher &y
t he .t.enperature of the test circuit is about 90C ﬂ"&g@ﬂm (ﬂ“ﬁ
cldimed in claim22 or -23, wherein the | hguid is t The

et hod as clained in any one of clains 22 30,7 wherein the gi ven f1ow rate

rwl 6 1/h. 15 32. A nmethod for testing the effectlveness and -

per f or mance of cal £l rs i qui r| SI ng

steps of supply hg af“eggm &h #785%‘ 'i%g f%gecquiag?%?st ﬁ?‘g ?#
conpri si n]g a tssale:|r|emuve1:s sn?magmﬂmmngd sxmbeis:ttngSthe sﬂ:lag?j t est
circuit after [ S Lo gl ing .
sui tabl e chem %gl %‘p?ﬁg{"ﬁ%%%estfﬁg cﬁilj"ibS QQ t{h eac dgﬁ{w’ N contl nuousl y
“measuring and Aémer ¢omprisiogp: cestrelntudt eanbsequentdyt removdng asatedini ng a
predet er m Bed chiTegkNuiprtl A fich0sdt P Skatl rﬁ@hleeé%gpogﬁaae@f@ shie

tendency of scale- 10 renoving fromt

clained in clatégwkd, hﬁe#"éliﬁgt%tah%d:hémléafie thec testy irenifc and aI'ihe t ext

- ofgthe specifi aa&u qaaheﬁodaeeﬂtmaﬁswﬁdsmﬁhaa@muwﬁgt hse HHakbgant s
or1 gi nal types ﬁp"gﬁsﬁ ?‘n t;% contain a few anmendnents are difficult
ar-t

tofread. ctesy sirewit dpring Wé%détﬁﬁirﬂ?ﬁem’%e'nﬁ?“ﬁ)e

pect ed On tbbtﬁrﬁﬁgsessemf of Matkajleith tépresent the tendency of scale-
10 removing from the liquid. .
33. The method as claimed in claim 32, wherein the added
chemicals are crown ethers.

Tne text of the specification has been reproduced by photocopying the appliocants original
typescript. It may contain a few amendments which are difficult to read. The original
typesoript containing these amendments may be inspected on the premises of the Patent Office
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