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7 Abstract ,

SeveraT new' cTasses of organic compounds have been screened as potent1a1

' geotherma] sca]e control. agents by exam1n1ng the1r effect on the

prec1p1tation of silica from Magmamax No.1 brine. The substances were
tested using the Lawrence L1vermore Laboratory Br1ne Treatment Test System
at the Niland, CaTifornla, Test S1te.r Solutions of the test substances were
1njected ‘into flowing brine at 210°C the br1ne was flashed to 125°%,

and then the kinetics of solids and silica prec1p1tation from effluent brine
held at 90°C were measured. Three new types of compounds were shown to

have act1v1ty as precip1tat1on 1nh1b1tors' poTyethylene 1m1nes,‘v;
poTyethyToxaza]ines, and quaternary ammonium compounds conta1ning
po]yoxyethy]ene. Among the latter, Ethoquad 18/25, wh1ch is '

, methyl- poTyoxyethylene(lS) octadecylammonium ch10r1de, is the 1ead1ng

candidate antisca]ant It is a more powerful 1nh1b1tor of s111ca

prec1p1tat10n than the pure polyoxyethy]ene poTymers, and it apparent]y has
no high temperature soTub1Tity 11mitat1ons. Measurements were made of the
concentrat1ons of monomeric siT1ca and the effect of addit1on of 1nh1b1tor

o at var1ous points in the Brine Treatment Test System. F1ve d1fferent silane
'compounds showed no act1v1ty toward sil1ca.r_
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Introduction

7 This report is a descr1pt1on of further resu]ts of our f1e]d test
,program to evaluate organic chemlcal compounds for the abatement of sca]e

: formed from ‘the geothermal br1nes of the Sa]ton Sea Geotherma1 Field These =

ntests are a cont1nuat1on of our. 1nvest1gat1on previously descr1bed 1 in
- whxch a series of hydroxyethyl ce]lu]oses, other ethoxy]ated compounds, and

'_'surfactants were examined as 1nh1b1tors for the prec1p1tat1on of 5111ca.,,

: measurements 1n an earlier ser1es of tests.

Propr1etary add1t1ve m1xtures have also been subjected to scaling rate
‘ 2

The precipitation tests of the ethoxylated or ethylene oxide - ,
'compoundsl clearly showed that the po1yoxyethy1ene (-CHZCHZO-) moiety
strongly interacts with the colloidal silica in the hypersaline (pH = 6)
brine at temperatures be]ow.loopc One specific compound,,Carbowax 14,000
(Union Carbide Corporation), which is essentially pure polyoxyethylene
polymer of molecular we1ght 14, 000 emerged as the most powerfu! 1nh1b1tor’
of silica prec1p1tat1on in the 90°C incubation tests. This compound at a
concentration of . 20 ppm in the brine, also retarded the formatmn of the
soft, snowflake-Tike scale that forms at effluent br1ne temperatures below‘
100°C However, it was apparent in a short p]ant test that scale
reduction at 125°C, and probably higher, would be minimal. In fact, it
appeared that the polyoxyethylene may itself deposit or tend to increase the
volume of scale at the 125°% point of measurement. This was attributed to
the known lowered solubility of the polyoxyethylene polymer at higher
temperatures.3 The polyoxyethylene may still be bound to the colloidal
silica, but its diminished solubility may cause it to be incorporated as an
inactive agglomerate into the matrix of scale as it is formed.

~ Another way of viewing the failure of the polyoxyethylene to retard the
formation of the higher temperature silica scale is in terms of the current
understanding of the steric stabilization of colloidal systesmf"5 The
mechanism of the inhibition of the precipitation of ‘the silica by the
po]yoxyethy]ene probably involves the adsorption of the polymerrmOIecules on
the surfaces of the colloidal particles to prevent or retard their
aggregation. Our incubation tests at 90°C entail holding the super-
saturated brine in an unstirred, stagnant condition.

-2-
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Ideally, the stabilizing molecules anchor themselves to the particles in .

such a way that their surfaces are covered with a layer that is compatible

with, or soluble in, the dispersion medium. The particles thus remain
d1spersed and do”not flocculate. In the case of the colloidal silica in

'geothermal"brine, the particles themselves are hydrophilic, thus there is a

delicate balance between the interaction of the polymer with the particle
surfaces and with the aqueous medium.  In the case of the polyoxyethylenes,

the anchoring and the stabilizingi(sonbi]izing)'moiety are one and the

same.‘ This makes it vulnerable to "displacement flocculation," which is the
dis]odgement of the adsorbed po]ymers by Brownian-motion collisions of the

o part1c1es, 1ead1ng to aggregatlon on ﬂocculatwn.4 Stirring, or the
~ existence of so]utlon f]ow, increases the collision rate, the rate of
* flocculation;: and the rate of sca]ing of an appropriate sorface.“

" To obtain maXimum=colloida1 stability, especia11y in the presence of

%.solut1on veloc1ty, a molecule 1s required that has a strongly anchoring
Vfunctlonal group ‘that is high1y specific for s111ca, together with a
‘:solub111zing m01ety that is so]uble in the high]y saline brine at high

~ temperatures. It should be noted that we have not completely discounted the
- possibility that an additive may be found that controls scale without

stabi]izing co1Ioida1 silica. But we have chosen the experimental route via
the prec1p1tation tests as being the one most 11ke1y to lead to the most

;effective ant1sca]ant.

Additives Tested

‘For the May, 1979, test'series discussed here;”seVera1 types ot

”compounds vere selected in an attempt to meet the criter1a of higher

solubility and stronger bonding between the additive and silica. These are

'11sted in Table 1. The: first group, the quaternary ammonium compounds, have
‘ 1onic (cat1on1c) character, thus are inherently more soluble than nonionic

substances in polar, -aqueous media. Several of those ‘selected ‘also

' 71ncorporate po1yoxyethy1ene which, 1t was thought, wou1d convey act1v1ty

toward s111ca., Stronger 1nteract1on between the cationic additives and the '

}negat1ve1y charged co\]oida] silica was a]so env1sxoned as-a possib111ty.
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Table 1.

. ‘,‘Tréde Name,

Organic Compounds Tested as Inhibitors of the Precipitat1on

of- Silica from Hypersaline Geotherma1 Brine.‘

Manufacturer

Quaternéry Ammon{ium Compounds:

Ethoquad 18/25
Hyamine 1622

Q-C-50b
Variquat K-1215
Varstat 66

Hipochem ADN
Quat 188
Emcol CC336

Other Ethoxylated Combounds:
Carbowax 14,000
v‘Lipaf‘ZodC m ‘
Ethomeen 18/25
 “CMHEC-420L o

Tetronich1504 |
Jeffox FF-200

Armak Chemicals
Rohm and Haas

Tomah Products
Sherex Chemical

Sherex Chemicél

High Point Chemical
Dow chemical

Witco Chemical

‘Union Carbide

" PVOmInternat1ona1
“Armak Chemicals

“Hercules

BASF - Wyandotte

Jefferson Chemical

‘Po1yoxyethylene, M. w

Chemical Name and Other Characteristics®

Methy1- polyoxyethylene(lS) octadecy]ammonium

“chloride

Di-isobutyl- phenoxyethoxyethy] dimethyl
benzyl-ammonium chloride

Methyl-po]yoxyethylene(50) cocoammonium chloride
Methyl polyoxyethy]ene(15) cocoammonium ch10r1de

;Methyl~po1yoxyethy1ene(15) ta11owammon1um ethy1
‘sulfate

Methy]-po]yoxyethy]ene(15) taliowammonium chlor1de
N- (3-ch1oro-2-hydroxypropy1) trimethyl ammonium

chloride

Methyl-diethyl- po]yoxypropylene ammonium
ch1oride, M.W. = 1600

= 14 ooo e
Polyoxyethylene(zoo) r1c1n01e1c acid trigTycer1de B
PoTyoxyethylene(lS) octadecy1am1ne ISR

Carboxy1ated hydroxyethy1ce11ulose, M. S 4.2,, B

M.W. = 85,000 |
Polyoxyethylene-po]yoxypropy1ene block copolymer

Po]yoxyethylene-po]yoxyproperne random copo]ymer
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Table 1. (Continued)

Trade Name

Si]aneéi
B-2014-25b
B-2080-182b
A-1160
Z-6020
Z2-6071

Other Compounds:

Corcat P-200

Corcat P-145

XD-8779.00b

XD-8779.00b -
XD-30469.00b

Darex 41s

Alkaphos Q.S.
Alkateric 2CIB

Manufacturer

~Dow Corning

~-Dow Corning

Union Carbide

~ Dow Corning

Dow Corning

Cordova Chemica1

* Cordova Chemical

Dow Chemical

Dow Chenical

" Dow Chemical

Dearborn

A]karii’Chemicals

A]keril Chemicals

Chemical Name and~0ther Characteristics

- Carboxy—functiooal‘amino-silfconate

Phosphonate-functiona1 5111conate
Urea-funct1ona] triethoxysw1ane
3- (2-aminoethy1am1no) propy1 tr1methoxys1]ane

Phenyltr1methoxys11ane

Po]yethylene 1m1ne, M w 20,000
Po]yethy1ene 1m1ne, M.W. = 20 000
Polyethy1oxaz]1ne, MW, = 60 000

Po]yethy]oxaza11ne, M.W. 100 000

1:1 copolymer of acry11c ac1d and hydroxyethy]
acrylate .

Proprietary oarboxylated.polyelectrolyte
Proprietary amphoteric coco-imidazo]inevderiVative

Proprietary free ac1d of comp]ex organic phosphate
ester .

a@  Number in parentheses denotes the number of moles of ethylene oxide per molecule of compound.

Experimental chemical;

not commercially available in large quantities.
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The duaternary~ammonium compounds have the generalized structure

+

—where the R's are various organzc groups, and X~ is the companion anion
'.(usua]ly chloride). In ‘five of the quaternary ammonium compounds tested

‘(see Table 1), one of the R groups 1s methyl, and two of the R groups are

rapprox1mate1y equal- length chalns -of po1yoxyethy1ene. The fourth R group -is
ca hydrocarbon chain derived from a fatty acid; since it is hydrophob1c, 1t
lends a surfactant character to the molecule. The hydrocarbqn chain on
‘;'Ethoquad 18/25 conta1ns 18 carbonratoms (derived from stearic acid, a
~saturated fatty acid). The'“cocb-ammonium“ compounds are derived from
coconut 0il, which is predom1nant1y lauric acid (12- carbon), also a-
'saturated fatty acid. The "tallow-ammonium" compounds 1nv01ve most]y oleic '
(18-carbon) unsaturated fatty acid. '

- The structures of the other quaternary ammonium compounds are
cons1derably different. Quat 188 is

‘ : +
Ho ‘i’“s |
c1-cn2-cu~cnz-T-CH3 cL
CHy

a:low-molecular weight compound'cdmpared to the others tested.



Emcol CC-36 is

G
CH -(.CHZCHZO_)_T CH N ' C'I-_;
CHy G |

~where n =~ 25 polymeric units of polyoxypropylene. Unlike polyoxyethylene,
polyoxypropylene chains are not water soluble, thus this molecule has
considerable hydrophobic character even though ionic. Hyamine 1622 is

, |H3 k IH3 S ?Hs
- CH3—X—CH2—(!OCH2CH2?2—E_

The second group of substances -tested are all high in polyoxyethylene
content and are related in various ways to those previously teSted.l
Carbowax 14,000 was agaih tested. Lipal 200C is a fatty acid derivative
containing 200 moies of ethylene oxide. Ethomeen 18/25 is the tertiary |
amine analog of Ethoquad 18/25 and is very sim11ar to the Ethomeen C/25
tested previous]y6 with acidified brine and found to be a good
prec1pitat1on 1nh1bitor. The compound CMHEC- 420L is s1mi]ar to the
prev1ous]y tested1 hydroxyethyl cellulose, CMHEC 420H ‘the former being
the low molecular weight version. ~Tetronic 1504 and_Jeffox FF-200 are both
medium molecular weight (12,500 and 10,000; respectiVe1y) copolymers of
polyoxyethylene and polyoxypropylene. As in the Emcol CC-36, the:

, po]yoxypropy]ene moiety, like the hydrocarbon chains of the Lipa] 200C and
- Ethomeen 18/25, is nonpo]ar and hydrophobic, thus ‘the ethylene oxide-
propy]ene oxide block combination results in a surface-active compound.

| ,Tetronic 1504 conta1ns '~40% ethylene oxide, Jeffox FF- 200 ~75%; they

differ pr1ncipa11y because Tetronic 1504 contains large, continuous blocks
of ethylene oxide, whereas in Jeffox FF-ZOO the ethylene oxide is random]y

d]Stributed.



- and they . advantageouly lack the inverse so]ubw]ity/temperature

The th1rd group of compounds tested (Table 1) compr1se f1ve dxfferent
,s11anes. These compounds as a class are well known7 to react, under
'Vcerta1n cond1t1ons, with the silanol groups of silica (e.g., on g]ass and

silica ge]) to form strong. siloxane, S1-0 Si, bonds. If the other

:'functlonal group of the silane is hydrophoblc, as is the phenyl group of. the
7-6071 compound the surface "silanized" by such a reaction with the silane
is rendered hydrophobic. The first four of the silanes listed in Table 1

' were chosen because they have hydroph111c, water-soluble functaona]ity. In
the hoped-for react1on with colloidal silica, they could thus prov1de both
'the strong anchor bond and the. so]ublllzing moiety. Two such compounds,:e -
‘Whlch are experimental s11anes obtalned from Dow Corning, have been shown -

‘ ‘under laboratory conditions to stabilize colloidal solutions of siHca.8 »

'VSeveralfother new classes of compounds were tested'and'these'ofezlisted
in Table 1. - The Corcat polyethyiene imines are structurally 51m11ar to the
polyoxyethy]enes, being composed of polymeric chains of the un1t
-CHZCHZNH- however, they d1ffer in containing considerable. branch1ng,

'characterlst1c ‘of the polyoxyethylenes. Another new ‘polymer tested is’ the
po]yethy]oxozaline, composed of units of

-{CHZCHZ?)-
€=0

CHZCH3
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. ‘Experimental Technique

The additives were tested w1th Magmamax No. 1 brine us1ng the apparatus
and techn1que descr1bed prekus'ly.1 The additives were injected into the

. separated, 210°C brine, and after collection at the atmospheric-flash

temperature of‘lOSQC, the kinetics of the precipitation of silica were
measured by anaerobic incubation of the brine at 90°C. As before, the
suspended solids were measured by filtration and the silica remaining in

~ solution was measUred'by,atomic;absdrption spectrophotometry at 0.5-, 1-,

and occasionally 2-hour intervals after collection.

Measurement ot the monomeric silica in the brine at various poiﬁts of

the Brine Treatment Test System was performed by means of a Beckman Model DB

spectrophotometer.

Results and Discussion

The ranges of the characteristics of the brine during the experiments
were as follows (effluent brine, flashed to atmospheric pressure):
Chloride concentration: 3.5 - 3.9 Mol/liter
‘ B pH: 5.8 - 6.1
Density at 25°C: 1.146 - 1.157-g/cm3
Si02 Concentration: 443 - 486 mg/kg

‘LLL was again the so1e user of the‘we11, but the brine was somewhat more
saline than before.1 ~

‘Table 2 summarizes the results of the measurements of thevsuspended

'solids and silica in the incubated brines after treatment with the various =

additives. Only the l-hour incubation data are presented for brevity; the .
30-minute data were always consistent with those at 1 hour. Also shown for
comparison in Table 2 are data obtained in the present test series during
brine acid1f1cation experiments.



Table 2.

Concentration of Suspended Solids in Brine and Percentage

—of Silica Retained in Filtrate after Incubation for

1 hour at 900C.

(3 5 3.9 Mol/l Ch]orlde)

© Additive .

LVContro], no additive
| Quatéfnary'Ammonium
- Ethoquad 18/25
 Myamine 1622
o0
’Variquat K—lZiS
Varstat 66
Hipochem’ADN
Quat 188
Emcol CC-36

Compounds:

Other Ethoxylated Compounds:

Carbowax 14,000
Lipal 200C
Ethomeen 18/25
CMHEC-420L
Tetronic 1504
Jeffox FF-200

‘Magmamax No. 1 Brine

20 ppm Additive Concentratlon.

~ Concentration of
Suspended Solids,

__mg/kg
285

55, 53
81
97
95
121
238
208
275

102
111

67
150
276
193

-10-

 Silica
-~ . Retained,

g

'71”‘48f¥“

96,92

i

85
81
75

=

52

89
73
- 95

70

o
62
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 Table 2. (Continued)

Additive.

Silanes:
. B-2014-25
B-2080-182

A-1160 .

Z-6020 (40 ppm) .
- 1-6071 (40 ppm)
"Other CompoUnds:i

~Corcat P-200 -

Corcat P-145
XD-8779.00

XD-8779.00 -
- XD-30469.00 "

Darex 41s

Alkaphos Q.S.
Alkatgrig_zé;g; f17;‘ :
Acid:
a3 ii:'57? o

SO

@ Additive solution in methanol

"‘Concentratiénrof
-Suspended Solids, .
mg/kg

s
293

288, 2863 .

2652
2772

105
'-:176;  ‘77
244
%7
02
288
oy
om0

,{ ;7:11;;7;,;

11-

Silica
Retained,
%

54
51

53, 472

582
552

88
80
60

Y

46
a5
49

.50

%



~ Among the organic additives tested, those most effective as inhibitors
of silica precipitation were Ethoquad 18/25, Ethomeen-18/25, CarboWax
14,000, 'Corcat P-200, Tomah Q-C-50, and Hyamine 1622. Carbowax 14 000 did
) not perform quite as well as prekusly,1 perhaps because of the greater '
ybr1ne sal1nity. In any event, it was not as effective as the Ethoquad 18/25
and Ethomeen 18/25. Corcat P- 200, the polyethylene imine, appeared equal in
iact1vity to Carbowax 14,000, and the data suggest that a still Tower
molecular welght polyethylene imine might show still greater actxvzty. The
high activity of Ethomeen C/25 tested prev1ously,1 6 together thh_the S
present data, show clearly that nitrogen- -based, cationic substances and/or
those cont1n1ng polyoxyethylene interact most strongly with the colloidal
' s1l1ca., ' '

: The super1or1ty of the Ethoquad 18/25 compared to some of the other :
’ substances tested is also illustrated 1n Figures 1 and 2. The additional N
polyoxyethylene in Tomah Q-C-50 renders it more effective than the otherw1se';
similar Variquat K-1215; perhaps a 50-mole Ethoquad analog would be st1ll B
more effective than Ethoquad,18/25 The high activity of the Hyamxne 1622
is surprising in view of its minimal amount of the polyoxyethylene moiety.
‘Hyamine 1622-electrolyte solutions are among those known to exhibit the
phenomenon of coacervation.’

As described above, the quaternary ammonium compounds Quat 188 and Emco]
CC-36. are structurally quite different from the other compounds in this
group. They do not contain polyoxyethylene, thus this may be the reason for
their lack of activity as dispersants. However, like two other additives,
Alkateric 2CIB and Darex 4ls, they appeared on the basis of the 30-minute
incubation measurements, to accelerate sllghtly -- rather than retard - the
prec1pjtat1on rates. The possibility to enhance prec1p1tat1on always ex1stsV.
with such substances that interact strongly with a colloidal system, and
thislfaCt is a source of concern in testing of this sort. Polymeric o
substances, especially those of higher molecular weight and size;'maytact as

’brldges between particles thus causing flocculation; and this may occur ina
polymer concentration range below that at which the polymer acts as a
stabilizing agent.10

-12-



Concentration of Suspended Solids, mg/kg

FIGURE 1

INHIBITION OF FORMATION OF SUSPENDED SOLIDS FROM
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FIGURE 2
INHIBITION OF PRECIPITATION OF SILICA FROM GEOTHERMAL
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The 1ower molecular weight (60, 000) polyethyloxazaline (XD-8779. 00) also
showed slight act1vity as ‘an 1nhib1tor. ‘Sti11 lower moleuclar weight
versions (in the,10,000 to 20,000 range found to be best for the
polyoxyethylenes and‘pO]yethylenefimines) would probably be better. For
these types of po]ymer1c chains;, this molecular s1ze seems to be an opt1mum
match for the ‘sizes of the co1101da1 silica partic1es with wh1ch we are
dealing.v = R ' ' -

The' results for the other ethoxylated compounds also showed some
interesting effects of additive structure on activity. The CMHEC-420L was
no better than the correspond1ng higher molecular welght compounds tested
prev1ous]y.1 ‘However, both have anionic character, and the resu]ts '

~ obtained here for the acrylate-type, carboxy]ate, and phosphate ester

additives, as well as most of the proprietary'additiVes,z’haVe
con51stent]y shown that anionic surfactants and polymers exh1b1t very little
activity as precipitation inhibitors. These flndwngs agree with a pub11shed
report11 that carboxylated po1ymers ‘do not adsorb on quartz 1n the pH
range of 5 to 8.5. -

It is clear from some of the previous measurements® and the present:
results for Lipal 200C, Tetronic 1504, and Jeffox FF-200 that increasing the
hydrophobic fraction of a polyoxyethylene-containing molecule decreases its
activity.’ The large fractfon of po1yoxypropy1ene GvGO%) in Tetronic 1504
completely neutralizes the’ effect of the po1yoxyethy1ene. Jeffox FF-200 is
higher in polyoxyethylene (~75%) but the’ dilutlng polyoxypropy1ene is also
randomly distributed, which may diminish its influence. Surfactant
character, derived from having both hydrophobic and hydrophilic portions in
the same b]ock mo]ecu1e, genera11y does not appear to be a usefu] feature ‘
'for a compound for stabi]iz1ng col1oida1 5111ca 1n geotherma1 brine. ‘

As can beiseen‘inﬂthe data of TabTe'Z, none'offthefsi1anes had a
measurable effect ‘on the precipitation of silica, even though several were
- injected as methanolic so1ut1ons to prevent hydro1ys1s before inject1on.
Assuming that our failure to 'detect a reaction means that none occurred, the
lack of a reaction may have been due to the unfavorab]e pH of the br1ne,8
and/or insufficient time in the system for react1on to take p]ace. To allow
“more time, one experiment was performed in which silane Z-6020 was injected

-15-




as the methanoiic solution into’therinput of the first-stage separator.,
This is not: the normal point of addition because the. br1ne/steam two-phase

' f]ow rates, and hence the concentrat1on of additive, cannot be ‘as- accurately
measured here. However, we est1mated from the accumulation of effluent
kfluid and the estimated percentage of steam flashed, that the: flow rate was
50 gpm, and the s11ane was metered accord1ng1y to achieve a concentrat1on of
20 ppm in the brine. Still there was no evidence of ‘a reaction., In future
‘work, a silane will be tested that has a higher probability of - reactwon at-
the br1ne pH of ~6. '

, The‘effect of the point of addition of the most effective inhibitor
Ethoquad. 18/25 was also brlefly 1nvest1gated and the results are listed in
| Table 3. In the Brine Treatment Test Sytesm, the residence t1mes are mainly
those 1n the two separators. At the usua1 flowrate of 7-gpm/channe1, and
50 gpm overall, the residence t1me in the f1rst-stage separator (at
‘,*v210°c) is ~42 seconds, and that in the second-stage separator (125°C)

is ~2.3 minutes. The data of Table 3 show that, compared to. the normal
point of addition between the first and second stages, there 1s a decrease
~ in effectiveness of the 1nh1b1tor when 1njected into the second stage
separator, and possibly a slight increase when injected into the 1nput of

~ the f1rst-stage separator, although the latter differences are within ‘the
usual measurement uncertainties. In any event, the resultscshowﬁthat the
Ethoquad 18/25 1is quite resistantitohthe temperature/time CondttiOns‘at the
front end of our system, and could be injected there in a two-stage flash
system.

To increase our understand1ng of the nature of the process of s111ca -
scaling in our test facility, attempts were made to measure the o
concentration of monomeric silica at three points in the system. -The = -
procedure used was based on that of Marsh et al, 12 which employs.the ' ,
yellow color of the s111comolybdate complex. Potassium permanganate was
used to ox1dize the ferrous ion 1n the br1ne and prevent reduction of the
sil1como]ybdate. The resu]ts of these ana]yses are given in Table 4, a]ong
with the total concentration of s111ca determined by atom1c absorpt1on
spectroscopy in the usual manner.
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Table 3. Effect of Point of Addition on the Performance
: - of Ethoquad 18/25 as a Precipitation
" Inhibitor. ‘Incubation of Effluent Brine at
900C. Magmamax No. 1 Brine (3.8 Mo1/1 Chloride)

Tt

" Point of Addition

Ihput to Betweeh;“ - In 2nd ~Input to Between In 2nd

: 1st Stage ~ 1st & 2nd Stage Ist Stage  1st & 2nd Stage
Separator ~ _Stages | Separator Separator Stages .~ Separator
*  Incubation Concentration of Suspended Concentratfoh’df'SiOZ in
Time Solids in Effluent Brine, mg/kg ‘ Filtered Effluent Brine, mg/kg
o 0o - 0 0o 481 a1 a8l
30 min. 45 45 a3 a3 454 444
1he, 54 83 71 a2 444 407
2he. 77 90 | 422 389
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- Table 4. Concentration of Monomeric Silica in
“Untreated Brine in Scale Control Test System
~ Sample Total Si0, - _ MOnomeric §i0, S 'Percénfage
~..-Location - - mg/kg ~ mg/kg : of Monomeric Si0,
L o : : ; ' FERE y S

-rOUtput of 1st

Stage Separator g S - : R
. oooa1ec 455 , 388 R - 85
Output of 2nd | |
Stage Separator : : :

- 1250C - 468 424 : 90
Output of o ' | |

Delay Stage .
~..850C ' 468 333 - 71
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Rather surprisingly, most of the silica appears to be still in the
monomeric. form even at the 125 p01nt of scaiing rate measurement. This
result is important because it suggests that the 125°C scaie may be formed
chiefly from monomeric 5111ca "This in turn is a potentiai difficuity fori
additives that can 1nh1b1t Siiica precipitation oniy by adsorption on , |
_re]ativeiy iarge polymeric ‘silica particies Inhibition by adsorption on
_‘particles should be, and has, thus far, been- more effective on the scaies i
“formed at the output of the delay stage where the brine has a higher .

concentration of partic]es. Experiments de51gned to 1nvestigate ‘these ideas

are being planned for the future.

Based onftheiinvestigatiOns carried out thus far, the leading candidate
fOf the reduction of scaling from the hypersaline brine is Ethoquad 18/25,
and it will soon be subjected to a complete scaling rate test by the
| techniques previously described. 2i This compound has other potential
advantages as an antiscalant. At ambient temperatures it is a 1iquid which
could be injected neat*; and it also may have some activity as a corrosion
inhibitor, which should further reduce the scaling of corroding surfaces.

* Although pptentiaiiy useful as antiscalants because of their activity as
- precipitation inhibitors, the hydroxyethyi celluloses now appear impractical
because they cannot be- prepared as iow-Viscosity high-concentration aqueous
solutions. =~ : '
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