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< Abstract:

’A_nUmBerfofocompounds have been screened as potential scale control

~ agents by examining their effect on the precipitation of silica from

Magmamax No. 1 brine. " The substances were tested using the Lawrence

* Livermore Laboratory scale-control test system at the Niland, California,

test site. Solutions of‘the test substances were injected into flowing

brine ate~200°C,'theb’r‘iné_:jWas*fTashed‘to 125%, and then the kinetics
of soiiﬂs and ‘silica precipitation frOmreffluent brine held at 90°C were
measuredL*fCompounds”testedfinclude?d‘vanietyAOf‘oe11u1ose*derivat1ves,t

ethylene oxide polymers, ' several polyethoxylated surfactants, and?a

phosphonate. “The ethylene oxide moiety" was confirmed as the source of

activity in substances that" 1nh1b1t the precipitation of silica at 90°C

and the’ polyethylene egco]s in the molecular weight range of- approximate]y
10,000 to 100,000 are the most effective. ‘A brief ‘in-plant scaling test
with the most promising‘pfecipitation inhibitor showed that, although it

‘ fsignifioantlylretarded‘éoa1ing7at 90°c, ‘tnere*was no'improvement at:

125°C or: higher, and at 125°C there may have been a sl1ght 1ncrease in

sca11ng rate.




Introduction

~ Since late 1977, in a program aimed at finding an equa11y effective.

‘nalternatlve to the techn1que of brine ac1d1fication for geotherma1 scale

,contro1 the: Lawrence L1vermore Laboratory has been screening and evaluating.-

a number of commercial organ1c and inorganic chemica]s as 1nh1b1tors of -

1 revea1ed '

s111ca precipitat1on and. scaling. . The first bench-scale tests’
that many compounds containing the ethylene oxide moiety, -CH -CHZ-O-
were effect1ve in stabi]izing collo1da1 silica in geothermal brine. In;
subsequent plant-type tests at the Salton Sea Geotherma1 F1eld in whlch
;potent1a1 add1t1ves were 1njected into- flowing brine at. welthead

2,3 one such ethoxylated compound a hydroxyethylce11u1ose, o

: temperatures,
emerged as the most powerfu1 inhib1tor of silica precipitation at 90°C
_however, it fai]ed to retard the format1on of .geothermal scales at test
temperatures of 210°C and 125°C, 3 Also fa111ng to exhibit inhibition .
of silica precipitation and showing only marginal promise asvantisca}ants :
were a»series'of compounds representing the state of art (Fall, 1978) in
‘oommerc1a1 proprietary-mixtures for,scele‘control‘in:boilers and other
.geothermal appHcatmns.3 , _ ,

The pr1nc1pa1 subject of the present report is an investigat1on of the
activity toward geotherma] silica of a variety of substituted.cellulose
'compounds, the class of which only one member-had been_tested previously,
1and a series of po1yoxyethy1ene compounds Seueral other chemicais of
| 'potent1a1 prom1se as antiscalants also have been tested In this work'we
hoped to gain. further know]edge concerning the - specific interact1ons between
- c0111dal.s111ca andnthe act1ve compounds,_and perhaps find a more effective
inhibitor than the erstwhile leading candidate.
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' Experimental Technique

The . system constructed for flashing the brine and measuring the scalingi
tendency of treated brine 1n previous experiments is shown schematically in?
Figure 1, In this apparatus two-phase fluid from the geothermal well is
first passed through a C-t Natco wellhead separator of the centrifugal

‘ type. The steam 1s discarded and single-phase brine is obtained at nearly

- wellhead temperature and pressure. The brine is then divided into two
'i‘nominally 1dentical channels for: the testing of the scale control additives.
The brine in each channel is flashed from ~200°C temperature to
: 125°C in flash vessels and then passed to an atmospheric receiver. The
pressure at the exit of the 125°C flash vessels is about 15 psig. Brine
flow is maintained in each channel at 7.0 gpm ( ~ 1 1b/sec) by monitoring
the pressure drop (~ 15 1n. 20) across an orifice plate that is cleaned
‘periodically Additive solution (at about 0. 5 1 0% strength) is metered
1nto the brine u51ng high pressure pumps equipped with pulsation dampeners,i
- and: this flow is. monitored and maintained in the range of 0 02 to 0.04 gpm ?,
by means of Flow Technology turbine flow meters The additive solution is
1ntroduced into the flowing brine through a concentric 1/4 inch o.d. tube, :
approximately eight feet upstream of the first test specimen.j During each ?;ﬂ
experimental run, all of . the pertinent pressures, temperatures, and flows -

are monitored and. recorded continually.:- L _f; S é.‘f'




FIGURE 1
SCALE- CONTROL TEST SYSTEM
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: The accuracy of the contr01 of additive concentration is determined by
the prec1sion of the control of the brine and additive so]ution flows., Th1SA
was measured by 1nJect1ng ce51um ion tracer into the brine 1n the same _ |
manner as the additives and then analyzing the brine for cesium us1ng atomic 7
'absorption spectrophotometry.; It was found that the additive concentrations‘
Vcould be controi]ed within + 10% of the nominal values. The additives were'
metered to prov1de the nom1na1 concentration at the high temperature p01nt
of addition, this concentration 1ncreases 'v15% after the second stage flash
-because of steam loss.,. S ) . o

To test the kinetics of the prec1pitation of silica in the presence of
~the various additives, the system was operated from Magmamax No. 1 well
For this well the separated brine temperature and pressures were |
200 220°C and -260 ps1a, respectively. Additive so1utions were prepared
at least 4 hours in advance of use; they were subjected to the ambient |
,out51de temperature range of 5-30°C during the period of testing. Severa]
‘additives required dispersal in a non-solvent such as 1sopropanol, methanol
or acetone before dissolution in water. Starpol 100 was first dissolved in
boiling water. | | ”
Several’control runs without additive injection were Carried out during
the course of these experiments, but in most cases both channels of the
fsystem were used simultaneously for testing:additives._ Four additives, each ‘
"at two-concentrations, cou1drbe tested in a 12-hour period - For each test,
additive flow at a given concentration was maintained for 2-hours prior to
: brine sampling, and then additive flow was terminated with brine flow

~maintained for 2-hours to flush out the system, .




The effect of the add1t1ves on the prec1p1tat1on of s111ca was measured
as reported prev1ously RN Br1ne samp]es were co11ected for study from
the 125°C samp11ng ports. As collected the brine flashed to 105°C AitT
was: then placed in a1r t1ght V1ton gasketed 130-m1, screw-cap g]ass |
}vbottles and 1ncubated at 90°C At 1ntervals of 30 min. and 1 hour after
samp11ng, the bottles were opened and the contents f11tered through e
f1ne-poros1ty g]ass cruc1b1es. The s111ca rema1ning in the filtrate was
measured by atom1c absorpt1on spectrophotometry us1ng the method of standard.
add1t1ons. The col]ected solids were dr1ed in a1r at 105°C and we1ghed as
a measure of the suspended so11ds concentration of the brine. Measurement
“of the s111ca 1n this manner has been shown to yield va]ues for the tota1
concentrat1on of s111ca not reta1ned by the filter (monomerlc, po]ymer1c,
‘and partlculates <1 pm in size). The initial concentratlon of s111ca in
the brine sampled at the effluent port was determ1ned in samp1es 1mmediate1y

acidified with hydrochlor1c acid.



Additives TeStédl,p

A;Tist of the substances tested and their'saTient characteristics is

- given in Tab]e 1. The first substance listed, Natroso] 250LR, 1s the

s compound that heretofore in our. test1ng has been the most effective

| 1nh1b1tor{of s1T1ca precipitat1on. The other hydroxyethyl cellulose (HEC)
compounds;were Selected;to provide a range of molecular we1ghts, ionic
character; and moTar substitution (M.S;). The Tatter parameter'is theﬁ
_averagefnumbérvof molesfof‘ethylene oxide that are attached to each ‘
anhydroglucose unit in the cellulose molecule. The low moTecuTar weight HEC
compounds comprise about 300 of these units. lThe CMHEC-420H compound has
slightly anionic character and greater high temperature resistance, wh11e
the Polymer JR 125 is cat1onic because of its- amine substitut1on.

: The next group of materials in Table 1 are essent1a11y pure ethylene
oxide (polyoxyethyTene) poTymers, selected on the basis of previous testing
Awhich suggested that-interaCtions with silica derive from the ethylene oxide

moiety. 1 The‘Other celluTose compounds‘Tisted have little or‘no ethylene
‘ ox1de substitutlon, but are similar in .some of the1r other propert1es (e g.»
water th1cken1ng) to the HEC compounds 9 : Soa |

-~ Four addit1ona1 proprietary antiscalant mixtures were aTSo tested. ;As
reported previousTy,3 eight other proprietary mixtures showed no activity
toward silica at 90°C in tests similar to those we report here.

The next group of compounds 1nc1ude seven surfactants which were found

in our early bench testing1 with acidified brine to strongTy 1nh1bit
silica precip1tation. The compounds Conco ‘NI- 125 and PTuronic F38 were ,

‘-seTected Tate 1n our test1ng to provide a comparlson with the Carbowaxes.




Tébie'T. Organic and Inorganic Compounds Tested as Inhibitors of the Prec1p1tation of Silica
e from Hypersaline Geothermal Brine.

Ponmer JR-125
Ethylene Oxide Po}yers

“Union Carbide

100 000 (est )

" Trade Name Manufacturer Mo?ggnlar | ~ Other Characteristics
S « Weight - o
Hydroxyethyl Celluloses: | _— L

Natrosol 250LR “Hercules 85,000 M.S.= 2.5, Nonionic -

Natrosol 250HR Hercules 1,000,000 M.S. s 2.5, Nonionic
“Cellosize QP-09-L ‘Union Carbide 85,000 M.S. = 1.8, Nonionic '

Natrosol 180LR Hercules 85,000 M.S. = 1.8, Nonfonic

Natrosol 420H ‘Hercules 1,000,000 - M.S. = 4.2, Nonionic .
CMHEC-420H - Hercules 85,000 : M'S; ~ 4, 2, with carboxymethy] subSt'ltut'lon

Amine-substituted, for cationic character

Polyox WSRN-80 Union Carbide zoo;ooo HO%CHZCHZ—O)hH
Polyox WSRN-10 Union Carbide 100,000 LA
Carbowax 14,000 Union Carbide 14,000 "
Carbowax 6,000 Union Carbide 6,000 "
Carbowax 1,000 Union Carbide 1,000 "
Carbowax 350 Union Carbide 350 © CHyO4CH,CHy=0X H
~ Other Cel)u]ose Compounds: N ‘ o o
XD-8918. 00 Dow Chemical 15,000 Hydroxypropy1: Methylcellulose
Tylose MHB ! American'Hoe¢hst’ - High ‘ Methyl Hydroxyethyl Céi!u]ose
Marasperse N-3 American Can ~  ? ~ Modified Sodium Lignosulfonate

Starpol 100 - A. E. Staley T B Acry]amidomethyl-substitutéd-Starch
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Table 1. (Cont'd)

TradelName'

Proprietary Mixtures:

Geomate 259‘

 XFS-43075

Polysperse Plus

Visco 3744
Other Organic Compounds:

Ethomeen C/25
Ethomeen 18/60

 Surfactant AR-150

Surfynol 485
Tween 20
Zonyl FSN
Zonyl FSB

“Conco NI-125
. Pluronic F38

Dequest 2060

Inorganic Compounds:

Potassium Dihydrogen
Phosphate

Aluminum Chloride

aNumber in parentheses denotes the number of moles

Manufacturer

Dearborn
Dow Chemical
Betz‘

Nalco

' 'Armak

Armak N
Hercules -

~Air Products

ICI America

DuPont

DuPont

Continental Chemical

- BASF-Wyandotte
- Monsanto

Mean
Molecular

_Weight

860
2400 -

~ 1500
~n 2000

~ 9000
~ 5000
525

136

133

Other Characteristics'

) .Ant1sca1ant for geotherma1 app11cat1ons

‘Antiscalant

Ant1sca1ant for geotherma1 app11cat1ons

- Low M.N..acryIate + non1on1c_surfactant;

Po]yoxyethylene(]S) cocoammea

ﬂ . Polyoxyethy]ene(so) octadecylam1ne

"Polyoxyethylene g]yco] ester “of rosin

Po]yoxethylene(30) acetylenic glycol
Ro]yquethy]ene(zp) sorb1tan‘mono1aurate
FTuorinaiéd nonionic surfactant
Fluorinated amphoter1c surfactant
Po]yoxyethy]ene(zoo) nony] phenol
Polyoxyethylene polyoxypropy]ene copolymer

D1ethy1enetr1am1ne pentamethylene
phosphonlc ac1d

KHoPOy

AICT,

of ethy1ene oxide per molecule of compound.




Like the Carbowaxes they'are‘medium weight.moiecules rich in ethylene oxide,

but unlike the Cérbowaxes-they haverbofh:a hydrophilic (ethyléﬁe oxide)-and
a hydrophobic (lipopﬁilic) portiqh,'thﬁs haVé’cbnsiderable‘$urfactant
charactér. ‘fhe other surfactants tested (exéept for fhe‘Ethoheeﬁ 18/60) -
'contain»relatively 1itt1é éthy]ene\oiidé, add thé HECVcompoundﬁ arevonly
weakly surface active; ' ’ ' “ | »

‘The phosphonate Dequest 2060, was also tested. It has metiwith some
success in the abatement of c§1cite;£ypé geothekha]}sca1es.$ : | -
Also‘tested were two iﬁorgénié,compounds, pOtaésium diﬁydfogéh‘i

1

phbsphate,-which prevﬁbus]y exhibited activity, Aand aluminum chloride.

Aluminum fon was tested because of its known strong:interaction with silca

species under certain conditions.6

-10-
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'Results and Discussion

To permit detailed 1ntercomparison of the resuits for different
additives, all of the kinetics measurements of the present. work were carried'
voutvunder‘nearly constant brine chemistryvconditions. This was accomp1ished‘
byischeduiing the experiments durind the periods when LLL was the“soie'user
~of Magmamax No. 1 well: July, 1978 and February-March 1979. The ranges
* of brine characteristics during ‘these tests were as follows (eff]uent brine,
flashed to atmospheric pressure) ' ” |

* Chloride Concentration: 3.4 to 3.7 Mol/1liter
v . pH.: 5.8 to 6.0
Density at 25°C : 1.135 to 1.145 g/cm
SiO2 Concentration : 450::to 500 mg/kg

During each of ‘the two test periods, the ranges were still more narrow. :-
Contro] tests with untreated brine also were conducted and these reSuits
serve as.a baseline for ‘comparison. with the additive tests.

- Table 2 summarizes the results of the measurements of the suspended
soiids and silica in the incubated brines after treatment with the various
‘additives. Only the 1- hour incubation data are presented for brevity, the i
'v30-m1n. data were aiways con51stent with those at 1- hour. For most of the -
cellulose compound and ethy]ene oxide po]ymer experiments, the genera1
procedure was to test the additive first at a concentration of 40 ppm, then':i
if activ1ty was exhibited move to the Tower concentrations. A con- -
centration of 40 ppm is higher than the economic limit for most additives.
We assumed that ifkno:stabilization_of the_co]]oidal si]ica was observed at

40 ppm, there could be no improvement at 1ower,concentrations.; ,

R i B




Table 2._'COnCentrations of Suspended Solids in Brine and Percentage
- of Silica Retained in Filtrate after Incubation for 1-hour
at 90°C. Magmamax No. 1.Brine (3.4-3.7 Mol/1 chloride).

(Concentration of additive underlined)

: co.. .. Concentration of. .. " o :
Additive } , -Suspended Solids, mg/kg ~ Silica Retained, %

Control, no additive:

‘ Mean value, 5 runs g 257»1_38 EE - | 47<i:4
Hydroxyethyl Celluloses: 40 ppm - 20 ppm 40 ppm 20 ppm
Natrosol 250 LR _,“ _ a | 90 | 86*_ o 887
‘Natrosol 250HR - I V7 R

 Cellosize QP-09-L -~ ~-163 - 169 - - 70 69
~ Natrosol 180LR s8¢ 142 72 | 74
Natrosol 420H - - . S 190 65
- CMHEC-420H _ - 70 - 138 76 68
~ Polmer JR-125 | 120 125 8 68
Ethylene Oxide Polymers: . 40 ppm 20 ppm 40 ppm 20 ppm
Polyox WSRN-80 244 252 50 50
Polyox WSRN-10 62 73 18 79
Carbowax 14,000 38 31 - 89 . 95
‘Carbowax 6,000 o 69 84
Carbowax 1,000 179 . 66
Carbowax 350 " 200 | 62
Other Cellulose Compounds: 40 ppm 20 ppm | 40 ppm 20 ppm
~ XD-8918.00 - 257 229 49 - 50
Tylose MHB 214 50
| Marasperse N-3 o 219 | 50

Starpol 100 o 268 46

‘@ solution not filterable.

~12-



2 Data from reference 4.

- Table 2. (Cont'd)
R o , Concentrat1on of 4
Additive “Suspended Solids, mg/kg

" ProprietarvaiXtures: 40 ppm 20 ppm
. ~ Geomate 259 an

XFS-43075 251

Polysperse Plus = ' T 270

Visco 3744 T 275

Other Organic_Compounds} 18 Egme , 5 ppm

Ethomeen C/25 153

Ethomeen 18/60 59

Surfactant AR-150"  *~ 185

Surfynol.485 ~232

Tween 20 240

Zony] FSN 274

Zonyl FSB P19

Conco NI- 125 110

Pluronic F38 | 133

Dequest 2060 -

Inorgan1c Compounds 4d”gpmj"
| KH2P04 | 259 :
Alclii3 i P 207 &
HC1," pH 5 brine . oo o w oo 20 -
Habrine 2
pH 3 brine 0

-13-
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A number of interesting’trends are revealed by the data of Table 2.
-3F1rst there is a clear ind1cat1on that ‘the ethylene oxide mo1ety does 1end

activity to a molecu1e in interacting with col]o1da1 s111ca. The greater

[}

. the “"concentration" and molecular weight of*ethylene oxide in the'molecu]e,J

| the more effectively it retards the precipitationg This is borne outiby'the‘
‘\findings that (a) the ethylene oxide polymers, in the optimum molecular,
weight range, especiai]y the Carbowax 14,000, are the most potent

inhibitors; (b) substances Withllittle or no ethylene oxide, such as the
other ce]lulose compounds, have no act1v1ty, and (c) increasing the amount

of ethylene ox1de (increasing M.S. value) in the HEC compounds (cf

Natrosol 250LR vs. 180LR) increases their effectiveness as inhibitors.'
Compar1son of the results for Conco NI- 125 and Pluronic F38 with those for S
Carbowax 6000 (where there are approx1mate1y equal amounts of ethy]ene oxlde
1n the three compounds) indicates that the Carbowax is superior. However, -
all three compounds have a high hydroph111c/11poph111c ba]ance, thus this
~may not be a very definitive test of surfactant vs. non- surfactant act1v1ty.

| Secondly, in compounds that contain ethylene oxide, molecular weight (or
size) appears to be critical. In this work, the low molecular weight(
polyethylene g]ycolg Carbowax 350, had no effect; in previous work1

similar g]yco]s had the effect of flocculating agents. As the mo]ecu]ar
we1ght of the Carbowax increases, its 1nh1bitor activity 1ncreases. The ,

h1gher molecular weight Ethomeensvare the most effective; however, by the

o«

same token Surfynol 485 should have been more potent. Too high a molecular

weight,.>-200,000; reduces inhibitOr action, as ‘indicated by the diminished

L)

activity of the Polyox WSRN-80 in the ethylene oxide polymer series and by
- the Tessened activity of the high molecular weight HEC compounds.

-14-
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where the add1t1ves were tested at both 20 and 40 ppm concentrat1ons, in
most cases there was little difference in act1vity, but for both Natrosol

,250LR.and Carbowax 14,000, the two best add1t1ves, the Tower concentration

actually improved their reSponse. Po]ymer JR-125 approached these two in

effect1veness at 40 ppm For Carbowax 14,000, concentrat1ons of 10 and 5
ppm were also investigated and these data are. given in Table 3. Here it

appears that there is very little decrease -in activity until the Carbdwax

" concentration is less than 10 ppm.

The phosphonate additive, Dequest 2060, showed an intermediate activity -
towérd silica:’itmmay5heVe an ddvantage}for use in these brines'becddsevit‘;:
is also known to inhibit the precipttation‘of.barium.sulfate. -

The aluminum chloride showed a slight inhibition, but neither KH,PO,

nor any of the proprietary additive_mixtures had a significant effect on the

precipitation of silica.

_ . In reviewing these date, it must be,pointed out that the brine used to
perform these eXperfments doesvmot precipitate silica as rapidly as that
obtained at full flow of the Magmamax No. 1 well. At full flow, the
dissolved solids (ahd,silica) concentrations are higher ahd,this'acce]erates
the'ratevof precipitation. This is also true of the Woolsey No. 1 me11,v
which will be‘d15cussed be]om,fand probably other wells of the Salton Sea
GeothermaIdField. Nevertheless, although this,Megmamdk No. 1 brine was less
severe, the intercomparisohs among additive effects are be]ieved,to be
genera]lyeyaiid.‘_,,' | | | | ; |

It is 1hterestingvto:compare'the effect.of the most potent additive,
Carbowax 14;000, W1th_that,oflacidifioation of the brine to lower pH
values. At thefend of Téb]eiz are listed data obtained in earlier,‘

4

experiments with comparable brine. It is estimated that the addition of

10-20 ppm Carbowax 14,000 would be equivalent to acidification to pH =4.8.

15 EE




Table 3;

‘Suspended - Solids, mg/kg

Effeét of Concentration of Carbowax 14,000 on the Precipitation

- of Solids and Silica from Geothermal Brine at 90°C. Magmamax

No. 1 Brine (3.4-3.77M01/1 chloride).

’Concéhtration of. L . v Concentratioh df

SiO2 in Filtrate, mg/kg

Tine Oppm 5ppm 10ppm 20ppm 40 ppm Oppm 5ppm 10 ppm - 20 ppm 40 ppm
0 0 0 0 o 0 474 469 4‘59[' 460 475
omin. 218 78 43 27 - 28 281 43 431 M2 436
The. 252 109 49 31 3 215 412 42 . 436 423

2 hr. 266

us 2 o7

-16-
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flowed through a perforated”disk contained in a Millipore filter hdjder,

To test the effect1veness of" Carbowax 14,000 as an ant1scalant a brief -
(21- hour) experiment was ‘carried out with the Sca1e Contro] Test Sytem in
which the additive was 1nJected at a concentrat1on of 20 ppm and various

specimens were exposed to the brines to measure the scaling rates. The

' system was operated with untreated brine in the second channel. For this

test an additiona]-stagé was added to the'system (see Figure 1). This

stage cons1sted of a vessel whose 1nput was the 125°C brine and whose

'output was 90 100°C br1ne aged o~10 min. w1th respect to the 1nput " The

scaling rate of this brine was several times greater than that of the
125°C brine and it was hoped that this would provide a definitive
evaluation of the brine treatment in this shortiduration test.

" To measure the scaling rates of the brine at 125°C, the brine was

, _ , » ;

and flat mild steei'couponS”MEre placed in the drain from the'secohdlstage
separator. Cpupons'were\aisdfplaced in the 90°C third stage effluent, and
this brine was floved through sections of 1/2 and 1/4-inch tubing. '

For the scaling test, the system was operated with fluid from Woolsey

No. i well. The well was simultaneously being flowed by the San Diegd Gas

and Electric Company, and it produced considerably stronger brine than that

usedvfor the precipitation tests. Its chloride concentration and density

 were 4.13 Mol/1 and 1.166, respectively, and its silica (S10,)

concentration was 510 to 523]mg/k§. During the scaling test run, samples of

- the 125°C effluent. brine:were collected and analyzed by the standard

incubation procedure to determ1ne the effect of the add1tive in WOo1sey

:brlne. These results are given in Table 4. Note that the untreated Woolsey
}'br1ne prec1p1tates 5111ca much more rapidly than the "weak" Magmamax brine

- == primarily because of its higher salinity, but also because of its higher

-17-
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Effect of Carbowax 14,000 on the Precipitation of Solids and -
'Silica from Geothérmal Brine at 90°C. .Woolsey No. 1 Brine

“Concentration of
;.. Silica, mg/kg

Uhtréatederipe ;
526
262
am
201
192
92
163

Table 4.
(4.1 Mo1/1 chloride). 20 ppm Carbowax.
Concentration of
4 ,Suspended So]ids, mg/kg .
Time ~ Untreated Brine  Treated Brine
0 0 0
15 min. 258 | 37
30 min. 285 . 70
1 hr. 29 87
2 hr. 305_
- 4 hr. 327
8 hr. 363
24 hr.

147

- Treated Brine
513
467
44
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initial degree of supersaturation. At 30 min.,;GO% of the original silica

precipitates from Woglsgy}brjne‘;ompargd‘to about 40% from Magmamax brine.

- The Carbowax is Tess efféctjye asvah inhjbjtof_inrwoolsey'brine than in the

, Magmamaxfprine';- 64%_si]ic§vretained,vs.:95% for the 1 hour incubation --

but it sti1l does significantly retard the precipitation.. .

“In:this sga]jngJexperiment'the apparent cdrrosion'rates.pf AISI 1018

mild steel also were{measqrqg‘fof both the. treated and untreated brine using -

the Petrolite Instruments Company linear polarization resistance (LPR)

‘equipment. Probes4were,1qcatgd:in;both the high temperaure (188°C,for

Woolsey brine)vand Tow temperatUre (125°C) 11ne$,(§ee Figure 1). Observed

steadyf;tgte;corrq§jonrratesﬁ(iqvmilg.per year) were.as follows: ..

e Temperature-x }
(,Untfgateg brine - . . . T,.,iz‘y:g .10
 Treated brine .. . . 3. . 5
As‘was,fpund4prequusly.in,thejpropriétary_additive;;ests,? the
observed corrosion rates. were higher at the 1dwer temperature, probably

reflecting the difiering,ndture‘Of,the.prbtective surface films. .




_'In the scaling rate measurements it was found that there was a - .
signiticant (factor of 2-3) reduction in the sca1e accumulated on the
1/4-inch tubing expoSed‘to the 90°C effluent brine, as a result of the

add1t1on of 20 ppm of the Carbowax 14, 000 There was also a corresponding

| 81

dramat1c reduct1on of sca]e in the control va1ve connected to th1s tubing

However, at 125°C both the steel coupons and the perforated disk: showed

| ~ increased amounts of scale compared to the amounts ‘on the ‘specimens in the

'untreatedfbrine. The reproduCibi]ity'of this measureMent'is"nOt‘accurate1yf;
known, but inaany case it is certain that there was no beneficial efféthat :
125°C. It must therefore oe'concTuded that tnis‘addittve was, at best,

| ineffective at this temperature. = s o »

The reduction of the»aCcumu1ation of scale from the “aged;“ 90%C brine
confirms that there is a correspondence between actualrscaling-behavior and
precipitation tests performed at the same temperature. The failure of the
additive at 125°C,donsthe other hand, illustrates the risk in extrapolating
the lower temperature results. In our previous work!l=3 the'precipitation
tests at 90°C pointed up Natrosol 250LR as a promising scale control
additive, but it too failed to retard scaling at higher'temperatures.3

Many of the compounds that we have tested‘have been used in other
app1ications as protecting agents to stabilize colloidal systems (a}though '
not for Si1ica) }In those applicattons, stabilization 1s usua11y attributed
| to the adsorpt1on of the polymers in the form of loops on the surfaces of .
the precipitating part1c1es, thus sterically preventing the particles from
com1ng suffic1ent1y close for the London-van der. Haa]s attractive forces to

lead to floccu]at1on.7_ Our observation that concentratlons of add1t1ve

<

h1gher than 20 ppm leads to little improvement in the stab111zat1on of the

silica suggests that the particles are "completely" covered at this

concentration.

-20-
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The failure of the additives tested to reduce the scaling at higher

- temperatures probably 1s'avresu1t-of their dfminished Water solubility as

the temberaturé'is%indreased.g‘Theﬁﬁo1ioiyethy1enefahd’Ee1161ose derivatives

cheratteriEfically have an inverse solubility/temperature behavior 5+9;

~ their precipitatioﬁ ?rbm‘sb1Utibn"takes p1ece’éi_e*tempeiature'khown'as the

cloud point: " The cloud point of éolutions of these substances’is also

Towered by increasing amounts ‘of dissolved iforganic salts such as those

found in the Qedfhefﬁal; brines.8s2 ‘Little work has been done in

determfniﬁéltid&dﬂboinis}ébove5100°t but it appears from data“ohJaf'

Jvariety of nonionic surfactants7 9 and unpub1%shed‘matekiaYIQ’thaf'the :

cloud points,of the.additives which we tested are in the range of 50 to

somewhat greater than 100°C. Thus at the 125°C temperature, where much

of our scaling'rate measurements are made, there may not be enough of the

' additive in true solution to reaet with the‘éq]]oida1!silica. In the case

| 6f NatrosdI 250LR, this may be the reason why yery little scale abatement

Was observed. In the casefof the Carbowax 14,000 and the Ethomeens,'where

there also was apparently an increase in scaling rate at 125°C, the

~ reduced so1ub11ity could have led te bridging of the po1ymers between

part1c1es and an enchancement of flocculat1on._ Another possibi]ity is that

' the prec1pitat1on of the add1tive 1tse1f cou]d form a pseudo—scale or

i prov1de add1tiona1 nuc1e1 for precipitation of the silica. Furtherl,

invest1gation of these ideas is in progress..
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