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 Abstract

The Lawrence L1vermore Laboratory Br1ne Treatment Test System at N1Tand

}'Imper1aT VaTTey, Ca11forn1a, has been used to evaTuate a number of cationic’

po]ymers and surfactants as sca]e control, agents. “An ‘initial group of
compOUnds was ‘narrowed to four on the basis of the1r activity as siTica '
prec1p1tat1on TnthTtOPS. Three of these and certazn comb1nat1ons of
compounds were then g1ven a 40 h test to determlne their effectlveness in

‘ retard1ng scaTes formed at 220, 125, and 90°C.’ The best S1ngle compound was

Corcat P-18 (Cordova Chemlcal Co. po]yethylene imine, M.W. ~ 1800). It had no

'effect on ‘the scaTe at 220°C but it reduced the scales ‘at ‘125 and 90°C by
‘factors of 4 and 18 respectlvely, and 1t also has act1v1ty as a corrosion

1nh1b1tor.‘ Other promlsing compounds are PAE-HC1 [Dynapo] poly(aminoethylene,

HC1 salt)], which also somewhat reduces the 220°C scale, ‘Ethoquad 18/25

[Armak methyl poTyoxyethyTene(lS) octadecylammon1um chTor1de], and Mirapol
A-15 (a Miranol Chem1cal poTydlquaternary compound) The: best add1t1ve .
formu]atlon for the br1nes ‘of the Salton Sea Geotherma] F1e1d appears to be a

,’m1xture of one of these S1T1ca prec1p1tat10n 1nh1b1tors w1th a small amount of

hydroch10r1c ac1d and a phosphonate crysta]11ne depos1t 1nh1b1tor. In this

‘report of our f1naT test ser1es we present specuTatlons as to the mechanism

of 1nhib1t1on of s1T1ca prec1p1tation and recommendat1ons for further testlng
of these add1t1ves.. ;' : e / :




Introduction

This report presents further results of our field test program to evaluate
krspec1f1c organic chem1cal compounds as additives for the abatement of scales ,
formed. from the brlnes of the Salton: Sea Geotherma] Field.. References 1 to 3
are the prev1ous deta11ed reports of resu]ts in th1s series' Reference 4 1s a
brief summary of progress in FY1979. A final report of our tests of
proprietary scale-control add1t1ves is also avallable.s o

. Among all of the varlous compounds that we have tested two genera1

| c]asses of substances appear to.be the most effect1ve in 1nhib1t1ng the B

\’prec1p1tat10n of s111ca from the hypersa]1ne brlne. In one group are ,
‘ compounds contain1ng large amounts of the oxyethy1ene mo1ety, -CHZCHZO- s
and the other group comprises var1ous n1trogen-conta1n1ng compounds that
behave in a cat1on1c fashion in solut1on. In 1nh1b1t1ng the prec1p1tat1on,
these compounds probab]y function by the mechan1sm of ster1c co]]oldal
.stab111zat1on, i.e., they adsorb on the sub-mlcron part1cles of 5111ca to

- prevent their aggregat1on and flocculation. o

~ Most recently, we have focussed our -attention on the n1trogen conta1n1ng
, compounds because the po]yoxyethy]enes have appeared to be 11m1ted in high
temperature solu1b111ty 2,3 Among the cat1on1c-funct1on1ng, nltrogen- :
containing substances, three types offcompounds have emerged as the most
potent inhibitors: quaternary ammonlum compounds, po]yethy]ene_lmlnes and
'polyaminoethylene in the form of the hydrochloride salt.3v One?ofvthe'
quaternary ammonium compouns, Ethoquad 18/25, was subjected to a scale
inhibition test evaluation and found to be moderately effective. This
material is manufactured by the Armak Company and is methylpolyoxyethylene(15)
octadecylammonium chloride. Its high'activity toward silica was thought to be
due to both the 15-mole content of oxyethylene and the strong cat1on1c
.character.



" Ethoquad 18/25 was tested alone at a level of 25 ppm, and at 20 ppm in

E combination.with the calcitéscale inhibitor Dequest:2060 (MonsantoHChemical
Company) at'5 ppm. The best result was obta1ned with the combination, which.
1ef¥ected an 80% reduct1on in the rate of format1on of scale at 90°C.
However, there was only a marginal degree. of reduction of the scale at: 125°C
~ (barely Iarger than the experimental uncertalnty), and no 1mprovement at
210°c. These resuitsrrepresented further. progreSsvinffinding'a”viab]e R
vorganlc antiscalant, but to be rea]ly usefu] a candidate’additive mustta]so
show- s1gn1f1cant act1v1ty toward the 1ntermed1ate temperature scale. In the
strongest brines (4.5 Mo1/1 chloride), the 125°C scaling rate is 1 mil/h
(vs. 0.1 mil/h at 210°C and 5 mil/h at 90°C), and th1s would be '
~intolerable in an operating p]ant even if the 90°C sca11ng were absent.

Thus in’ our conttnued test1ng, we h0ped to- f1nd a _compound that would be
still more effectxve in reduc1ng the 1ow temperature scale, but more
41mportant1y one that wou]d retard the growth of the intermediate- temperature
sca]e._ The 125°C point in the system is espec1a11y difficult because the
ﬁdr1v1ng forces. for silica prec1p1tation -= the degree of supersaturat1on and
o:the temperature - are both h1gh P ST R L :

In this final ser1es of - exper1ments of the sca]e control proaect we f1rst
planned to screen a new group. of compounds se]ected from the classes of known
act1v1ty ‘In thlS group. were the fo]1OW1ng

e A series of quaternary ammon1um compounds obta1ned from Armak to be
x"compared especially w1th their. Ethoquad 18/25 k
. A series of po1yethy1ene 1m1nes, obtawned from Cordova Chemical
SR Company, hav1ng d1fferent mo]ecular we1ghts -and derivatlzed with
‘ certain other funct1ona1 groups, - : :
‘;‘Jo"ff'Three polyamlnoethylene hydroch]or1de sa]ts, obta1ned from Dynapo]
_ ‘ '“,Inc., 1nc]ud1ng the PAE: HC] tested prev1ous1y,3v. nd . :
| .;s_';.A group of m1sce11aneous quaternary ammonium: and polyam1ne type :
- “compounds hav1ng certa1n features not prev1ous]y tested.




vThese compounds were first evaluated by means of our "standard“ prec1p1tatlon -
test, in which the additive is injected into the br1ne-treatment test
system at 210°C, samples of effluent brine are collected at 125%, and

- then the kinetics of s111ca prec1p1tat1on are observed at 90°

1In addition to testing s1ngle compounds shown to be good 1nh1b1tors in the
precipitation test we planned to conduct scaling tests of combinations of
~ compounds with complementary functions which, it was hoped ,would lead to
significant retardation of sCa1e.,;For,examp]e,,it wasnspecolated_that_a
reason why 1itt1e,‘if;any,‘sca1e abatement had7been observed at 125°C on
~ treatment with organic chpounds'is that,mbch‘of'this'scale'forms directly -
from monomeric silica rather than capture of particulate silica. If this is -
true, scale depos1t1on could not be inhibited by the mechan1sm of steric
stabilization. Scanning electron m1crographs of the scale are. be1ng obtained
~to shed some light on this questlon. Meanwh11e, it has appeared that
adjustment of the pH of the brine to alter the rate of polymerization of
silica, coupled with the addition of an organic additive to stabilize the
colloidal s111ca, could be an effective: approach to scale control.

The: Ethoquad 18/25-Dequest 2060 mixture tested prev1ously3 is an example
of a synergtst1c combination of additives. Dequest 2060 (d1ethylenetr1am1ne
pentamethylene phosphonic acid) inhibits calcium carbonate dep051t1on and has
been shown to be effective in geothermal brine.” The scale of the Salton
Sea Geothermal Field contains <1% CaC03, howeven, it has been conJectured
that the prec1p1tat1on of small amounts of CaCO3 may enhance the nucleation
of silica. The benef1c1a1 effect observed for ‘the combination of the silica
and CaCO3 inhibitors may be explained on this basis. Two other combinations
to be tested were (1) a mixture of a silica prec1p1tat1on 1nh1b1tor and a
filming am1ne corros1on inhibitor, and (2) a mixture of a cat1on1c silica .
prec1p1tat1on inhibitor and an anionic surfactant that is react1ve toward the
cationic substance, to examine the poss1b111ty of. form1ng a more strongly
adsorbed fllm on the silica particles. :

8
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CH, (CH,),

Compounds Tested: :

F1ve compounds were obta1ned from the: Armak Company for: evaluation.
: of these were var1at1ons of the following structure '

(CH,CH,OH 1.4

= I|V:—CH3 |

(CH,CH,O1-H |

Three.

(1)

In the'compound preV1ous1y tested 2’3kEt‘hoquad-18/25, x +y =15, with the
po]yoxyethy]ene chains being. about equal length.

, Ethoquad HT-GOMS wh1ch has 50 molecules of oxyethy]ene substitution.

Another compound was
Also

tested was the ‘homolog Arquad 18/50 wh1ch has no oxyethy]ene, in this
vcompound there is a methy] group in pIace of ‘each -CHZCHZO- chain “in the

structure above. These three compounds afforded a test of the effect of the
amount- of oxyethylene on the activity of these quaternary ammon ium compounds
as silica precipitation 1nhib1tors.— Previous test'mg2 suggested a desirable
trend toward greater oxyethy]ene substitut1on, but those results involved more
d1verse substances from different manufacturers. et

Also tested was Armak's Duoquad T-50 This. compound has two quaternary
ammonlum groups per molecu]e and is characterized by the structure

: ‘--N —(cu.L)—-N'cH3 2t @
Ci¥3 | ' C}t3~v,, | -




where the R group represents an alkyl chain of 14 to 18 carbon atoms denived'
frqn‘tallow.,'BeCause.part of the attiyity of the.cationicvsubstances toward '
silica may be due to an attraction to‘thelnegatively-charged’silica partiCles,
- we thought that a d1pos1t1ve cat1on, or "diquat," m1ght be even more potent.
Two other d1quats to be descrlbed below, were also tested. -

-~ The fifth Armak compound examined was Duomac T, the acet1c acid salt of

N- tallow-l 3- diam1nopropane.

HOAc

P; N-(;CHz)—NH HOAC

H o (3)

It was not expected to 1nh1bit the prec1p1tat1on of s1l1ca because only

ethoxylated am1nes have exhibited such act1v1ty.1 2 Rather,: this compound

was selected for its activity as a corrosion 1nh1b1tor. This has been

demonstrated in other applications, where it is strongly attracted to: steel
. surfaces to form an inhibiting film. In our experiments, it was eventually

evaluated in a scaling test with Ethoquad 18/25.

The polyethylene imines are another. type of compound that had shown
promise in earlier 1nvest1gat10ns.2 They have the structure

|
_.cuchZTH ?HZCHZNH
CHZCHzl\II

o o (4)
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and are manufactured by the Cordova Chemical Company. As indicated in the '

structure shown, extensive branchxhg during polymerization leads to molecules

in. wh1ch the n1trogens are approx1mate1y one-third primary, one—th1rd '
secondary, and one-third tert1ary. Prev1ously tested were the Corcat P- 145

‘and Corcat P-200, which have molecular we1ghts (MW.) of m40 000 and m20 000,
f’respect1ve1y._ S1nce the Corcat P-200 was the most: effect1ve, two lower
“molecular weight compounds were acquired for testing: Corcat P-100
' (M W. 10 000) and Corcat P-18 (M.W. = 1800). 7

In add1t1on, because it was of 1nterest to learn whether mod1f1cat1on of
the basic polyethylene. 1mine could increase its act1v1ty as a prec1p1tat1on

_inhibitor, three derivatized versions of the Corcat P- 100 were obtained as

special preparations. One was quaternized with methyl:chloride; the
quaternized compound, it was hooed would have an. enhanced attraction to the
silica. - This quatern1zed P- 100 was. analyzed after preparat1on and found to.

| have 70% of its nltrogens in’ the quaternary form.

A second der1vat1ve was made by react1ng chloroacetic acid with P-100.

-:polyethylene 1m1ne to produce the follow1ng subst1tut1ons:

el

SNR _)Ncuchou

and - : : (5)

T cugcoon
TNM,  —» =N S
% 7 NcH,cooH

, The tert1ary n1trogens were left unchanged In this manner, 0.8 mole of
: mod1f1er was added per. mole of ethylene 1m1ne in the overa]] mo1ecu1e, and an

an1on1c character was conferred ~The resu1t1ng molecule, st111 having the

»tert1ary n1trogens thus was - amphoter1c./,

The third P-100 modif1cat1on was a g]yc1dol der1vat1ve 1nvo]v1ng the

‘follow1ng substitut1ons

/




Nl — \N CR c_H cn-\
7 o -
P OH on

WM = =N (cn,_qn C“‘?-):L

_ Th1s reactlon also did not affect the tert1ary n1trogens, and 1.0 mole of the
modifier was reacted per mole of ethylene - imine in the: overall molecule. This
der1vat1ve was selected with the thought  that the hydroxyl groups might confer

‘additional water solubxlity and p0551bly the type of bondlng to sillca that is
exhibited by the polyoxyethylenes. ' .

~ The third particular group of compounds evaluated were those marketed by

) Dynapol under the trade name PAE,HCl ,9 and having the general structure

+ CH,CH, + o -(—CHZCHZ-)- | |
: . o (7)
NH,-HCI NH,* CI™

One of these compounds, in which the peak average molecular weight was
120,000, was tested previously3 and found to be the most powerful silica
precipitation inhibitor yet discovered -- much stronger than Ethoquad 18/25 in
the rapidly scaling brine of the June test series. However, it was not |
evaluated in a scaling test and it was of. ‘interest to determine whether other
molecular we1ghts of th1s polymer would have greater potency. - For the present
evaluation, a second sample of the PAE-HC1 (M.W. = 120,000), and a sample of
PAE -HC1 (M.W. = 25 ,000) were obta1ned Also,lbecauSe_the-PAE-HCl as
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norma]]y‘produced has a rather highxcost ($8+2/1b for 106 1b/year), .a@ third

-sample was supplied in wh1ch ‘the PAE- HC] of M.W. = 25,000 was synthes1zed by a
. 1ess expens1ve (Hofmann) route. The PAE-HCT chem1cals ‘are manufactured by a

process in wh:ch the: polymer hydroch]or1de salt is obta]ned in a hydroch]or1c
acid so]utlon wh1ch is then part1a11y neutra11zed before sh1pment In the
un-neutra11zed form, there are N3 equ1va1ents of HC1 for each am1no '

”equ1va1ent in the form that we - tested the solut1on had been neutralized to a

pH of ‘4. 0.~ :
Several other compounds ‘that are related in various ways to the substances

’iprev1ously found to be good prec1pitation 1nh1b1tors were a]so acqu1red for
testing. One of these was Mirapol A-15, manufactured by the M1ranol Chemical
Company, which has: the fol]ow1ng structure :

.'-'2n+~

C“3 MW vc“s T S
N -ec‘“z.')' N C N-fCH?_“)"'N -{C\'\ +‘O-{'C\-\2-—>—1—- RS 2V\C \— (8)
1where n=b.

This compound is both a d1quat and a sma]l poTymer of M W. 2200' We
obta1ned this compound for test1ng as an 1nh1b1tor, both a]one, and t09ether
with an an1on1c surfactant with which it is known to form a complex10

sodium ]aury] ether ‘sulfate (Cyclo Chem1cals "Cyc]oryl NA")

© Another d1quat tested 15 Schercoquat DAB-90 (Scher Chemlcals, Inc. ) having
the fol]ow1ng structure S




This compound is’ synthesized from isomeric "dimer acid"; the R group in the
structure denotes the hydrocarbon portion-of a,dimerized,runsaturatedﬂfatty
acid conta1n1ng m36 carbons. .- | | : e S
In our very first off - 11ne tests of compounds for the 1nh1b1t1on of s111ca.
prec1p1tat1on we found that . a techn1ca1 proteln had .no effect. To learn '
- whether quatern121ng such a material would render it actlve, we obtained a
~quaternized protein, Crotein BTA, from Croda, -Inc. This compound has a
molecular we1ght of 5000 and only its termina1 amino groups (440% of the
molecule) are quaternized. : : : : S
The last two compounds tested were po]ymerlc tertlary am1nes obtained from_
American Cyanamid Company. They .are designated RC-412 and RC 413 and have ‘
molecular we1ghts of ™10, 000 and ~30,000, respectlvely. : o :

Egperimental Techniques

~ The additives were tested with Magmamax No. 1 brine'ustngfthejapparatus,:_
shown- in Figure 1 and the techniques described elsewhere.4 5 Sca1ing'rate |
measurements were made with the full comp]ement of specimens, including
sect1ons of %- and %-in. tubing p]aced at the out]et of the delay stage to .
obtain data on scaling rates at 90°C. Measurements of the scaling rates on
mild steel coupons were performed by placement of the coupons on 2-in. pipe
plugs inserted near the Petrolite probes, instead of in the flanges of the
1-in. pipe spools as was done previously.5 Precipitation tests were carried
out on the effluent brine samples collected at the atmospheric flash
temperature of 105°C and incubated anaerobically at 90°C.6 |

Brine Characteristics

_ The final test series was conducted durlng late October and early
November, 1979 ~while the Magma Power. Company was a]so flowing the well " The
total welliflow_rate was 100-150 gpm, compared,to:mso;gpm when LLL 153;4
operating alone. The result was a brine of:intekmediate salinity,‘; .
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| 4.0~ 4 2 Mo]/l ch]orlde which was comparab1e to the cond1t10ns ex1st1ng at
full well flow rate (v600 gpm) in late 1978, 5 but weaker than the 4,5 Mo1/1

condition ex1st1ng in the prev1ous test ser1es3 of June, 1979. "As described
prev10usTy,3 the rate of prec1p1tat1on of silica and the sca11ng tendency of
the brine are dlrectly proportional to the total d1sso]ved sa]t ‘content, as
measured by the chloride concentration.

Intercomparison of the effects of the various additives via the ‘
prec1p1tat1on and. scaling tests requ1res that the br1ne cond1t1ons be
reasonably constant. ' This ‘was accomp11shed as shown in Tab1e 1, by
coord1nat1ng our exper1ments w1th the operat1ons of the Magma Power Company
The concentrat1ons of dtssolved salts and silica increased. s]1ght1y durlng the

first two days of test1ng, but thereafter remained quite stable.
' The concentrat1on of 1ron was determlned on November 4th and found to be
182 mg/kg. ' ‘ e

_Resu]ts of Precipitation TeStsv

The precipitation tests were conducted with 1ncubat1on t1mes of 1 and 2 h, |
rather than the usual S and 1-h t1mes,1 3 because it was expected that the
Tonger times would be necessary to differentiate the more potent . inhibitors.
The results of the initial round of measurements are listed in Table 2.

W1th1n each of the four categor1es in.the Table, the add1t1ves are ranked on
- the basis of the 1-h data, in the order of their ab111ty to ma1nta1n a low
solids and high silica concentration in the brine. It can be seen that the
2-h incubation time is not as useful in d1fferent1at1ng the add1t1ves, but the
same general trends are present. Our exper1ence with this type of test has
indicated that for each range of inhibitor strengths and brine salinity, there:
is an optimum point in time for;the measurement of the kinetics of the
precipitation. In the present case, 1 h appears nearly ideal.

The data of Table 2 reflect several interesting findings. Among the Armak
compounds, the data show that 1ncreaSIng the amount of . oxyethylene in the
molecule decreases, rather than increases, the act1v1ty of the compound as a
silica prec1p1tat1on inhibitor. Arquad 18/50, with no oxyethylene, was
slightly better than Ethoquad 18/25. (with 15 mo]es/mo]e), and s1gn1f1cant]y
better than.Ethoquad HT-60MS (50 mo]es/mo]e), ‘However, it should be noted
that these compounds were tested on a weight, rather thanda mo]e basis,

-12-



 Table 1.

Date
, 179
- Oct.
Oct.
Oct..
“Oct.
~ Oct.
‘Oct,
Oct.
Nov.
- Nov.
Nov.
Nov.
Nov.
Nov.
Ngv;
Nov.
Nov.
:Nov.
Nov. 8

w
e

Nov. 9

 Time:

nN
o

1300

888

w W
=

N NOU AW RN e

(Magmamax No. 1 wel]

o

1030

1255
1535

0800

1025

1300
0805 :
1035

1315
0815
0950
- 0810
0820
- 0815

0815
0830

1310

1030

Characterzstics of Effluent Br1ne dur1ng Add1t1ve Tests

| Sioz_;

Ch]or1de

Mol/1

f]ow rate NlOO gpm)

Dens1ty at 25°C
g/cm '

. ma/kg

ane
493

495
491
501

500

502
502
509

524

505

508

506

509

486
. 508
507

505

- 4.04

- 4.06

4.17
4'07
4.16

3.5

o408

408
609
14.06

4,08

4.16

- 4.08
4,06

B afEXpérimentfwifh Ethdddéd,P‘US HC1 .

13-

1,163
1,159
1.158
1.166
1.162
1,164
1.164
1.163
1,162
1.162
1.163
1.165
~ L.les
 L.le4
o l.e7
1.164
1,166

1.165
1.165

¢ 5.90, 5.85
" 5489 .

5.93

--5.90, 5.85

5,86, 5.83

' 5.85, 5.87

5.81, 5.85

5.80, 5.74

' 6.00, 5.94

6.01, 5.98

5.92, 5.94
5,93

' 5.96, 6.01

5.96

_5 73, a g, 87 '

""5 75 ag, 98
5. 82




Table 2.

20 ppm active compound)

Addltlve

None Contro]

~ - Armak:

Arquad 18/50
- Ethoquad 18/25-
Duoquad T-50-
Ethoquad HT-GOMS
,Duomac T

Cordova;
Corcat P-18
Corcat P-100
Corcat P-200

P-100, Quaternized
P-100, chloro-

acet1c acid deriv.

P-100, glycidol
derivative

Dynapol:

PAE-HCT, '
M.W. -120 000 '
PAE-HC1,
M.W. -25 000
PAE-HC1,
M.W.=25,000,
Hofmann route

Miscellaneous:

Mirapol A-15
RC-413,
M.W.=30,000
RC-412,
M.¥W.=10,000
- Crotein BTA
Schercoquat DAB-90

— e R
_Suspended  Si02 in - Suspended 3102 in initial
solids, ~ filtrate, ' solids, . filtrate, - Si0p,-
_mg/kg _ mg/kg . mg/kg _mg/kg - mg/kg
305 240 326 196 493
112 4 257 280 e
126 406 200 303 493
145, 378 222 304 474
176 - - .38 . 275 - 288 - 495
‘%6 270 311 1. - 505
130 423 250 35 502
106 ¢ 405 285 267 502
228 355 286 276 - 502
199 340 250 285 502
237 318 286 270 509
204 270 303 252 509
135 400 304 251 505
207 344 258 294 524
355 202 393 - 524
151 395 234 312 500
166 364 286 307 500
254 312 307 252 - 501
320 230 327 230 501
347 184 362 186 491

dStandard deviati ons of determinations:

. 1-h Jncubation

2 h 1ncubat1pn

Effect of Add1t1ves on Rate of Prec1p1tat10n of Sol1ds and Silica from -
Effluent Brine at 900C.@ “(Magmamax No 1 Br1ne, 4.0- 4 1 Mol/] chlor1de,
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because that parameter is proportional to cost; thus the trends cannot always
be discerned on a more scientific basis. It also should be'noted that the.
‘compounds were tested on the bas1s of an equal we1ght of act1ve 1ngred1ent
not necessarlly the weight of the product as received. The diquat Duoquad
- T-50" shows good act1V1ty, -while the Duomac T, an amine salt ‘does not. These-
results show aga1n that, in general ‘the ‘stronger the cat1on1c character (as
'_opposed to nonionic or an1on1c), the stronger the interaction with s1lica.
| The data for the Cordova compounds (see Table 2) indicate a further trend
'1n greater 1nhib1tor potency w1th ‘decreasing molecular we1ght with the Corcat
P-18 {M.W. =-1800) -being the_best_compound ‘None of the modifications of the
Corcat P-100 (M.W. =10,000) were better than P-100 itself, on a weight
-basis. However, on a mole basis, the quaternized version probably would have
| been'nearly,eqUal.r,The;chloroaceticfacid derivative was of significantly

loWer'activltv,'while the glycidol derivative had no efféct on'the silica at
all. Both of these mod1f1cations el1m1nate the prfmary- and secondary-amlne
nitrogens, wh1ch -appear to be necessary for 1nteract1on with the silica. The
overall cationic character: of the polymer 15 d1m1n1shed and no other desirable
‘characterist1cs are subst1tuted ‘ :

~In the Dynapol group (see Table 2), the h1gh molecular we1ght PAE HCl
wh1ch was nom1nally the same as’ that tested preV1ously,3 was clearly the
best 1nh1b1tor.. The. low molecular weight compound was s1gn1f1cantly less
oactive. The Tow molecular weight compound synthesized by the Hofmann route
appeared to have the effect of a s1l1ca flocculant i.e., it produced a higher
~ Tevel of sol1ds and a lower concentrat1on of s1lica in the br1ne than would be
found normally.s Molecular we1ght thus 1s a very sens1t1ve parameter in this
‘series of compounds.. NI . : S
A surpr1s1ng result was that the hlgh molecular we1ght PAE HCl exam1ned in

th1s test: series was not, as had been found in the June test ser1es,3
swgn1f1cantly better- as an 1nh1b1tor than Ethoquad 18/25. This time they were
‘ ‘v1rtually equal in act1v1ty.- The brine character1st1cs of the two series'were

1d1fferent nevertheless the result is st1ll un1que because 1n all of our
prev1ous test1ng, the. relative rank1ng of 1nd1v1dual compounds has been
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maintained through several different levels of salinity Communication with
Dynapo] 1ndicated that both the old and new lots of the PAE-HC1 came from the |
same lot of ‘polymer, ~but they were neutralized.with different: batches of -

~ sodium hydroxide. we\rechecked the inhibition behavior of ‘samples of both
lots of PAE- *HC1, at the same time, each in one- channel of the brine treatment
test system, with identical results. Thus, assuming that - chemica1 aging =
’effects are absent, it must ‘be concluded that the prev1ous higher- salinity
brine conditions led to a relative enhancement of the performance of the

 PAE- HC1 compared to Ethoquad 18/25. ' : =

-Among the miscellaneous compounds (see Table- 2), the polymeric diquat
Mirapol A-15 was the best inhibitor, nearly as good as‘the best in the other
‘three categories. That it performs very well is not unexpected in view of its

;‘very'strong’cationic'character and its medium molecular weight polymeric
structure. The ‘results for the RC-412 and RC-413 cationiC'polymers are
interesting because they parallel the behavior of the PAE HC1 compounds. The.
'trend with molecular weight 1nd1cates that still higher molecular weight |
polymers of -this type (which are available) wou]d be more effective. The
quaternized protein, Crotein BTA, had no activity toward SIiica, undoubted]y
because a relatively small fraction of the molecule is cationic. The.
Schercoquat DAB 90 was unusual in clearly accelerating the rate of Silica
precipitation compared to the untreated brine. - The rather 1arge hydrophobic
portion of this molecule (see Structure 9 on p. 9) may be the reason for this
effect. In many respects this compound is unlike any we have ever tested.

An interesting phenomenon that is aiways observed during the prec1p1tation
kinetics studies is probably worthy of note here. When untreated brine is
incubated anaerobically at 90°C, a pure white prec1pitate’forms; This
precipitate of course is predominantly silica, but it also contains 1-2% of an
unidentified iron compound. 1 When brine containing the precipitate is
filtered and the collected precipitate is washed with. water, the precipitate
rapidly turns orange, presumably because of air oxidation of the Fe(II) in the
iron compound to the Fe(III) state. Such a color change is observed_for both

‘untreated brine, and brine treated with additives that are not effective
‘precipitation inhibitors. In contrast, if a good,si]ica orecipitation'
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~1nh1b1tor is- present the wh1te prec1p1tate assumes a pale green color that
;remawns unt11 the prec1p1tate is oven dried. It is: poss1b1e that the green.
color . is due to an Fe(Il) species that has been comp]exed by the additive and
rstab1llzed agalnst air. ox1dat1on.v In-the case of the po]yam1no and ‘polyimine
type compounds, strong . complex1ng via: chelate r1ng format1on is favored ‘and
the ether oxygens of the po]yoxyethylene cha1ns also are capab]e of ’
:coord1nat1ng trans1tion metal ions such as iron. Because the precipitation of
hydrolyzed iron or 1ron,hydrox1de species in’ the unstable brine may aid in
nuc?eating.the:precipitation~0fvsiljca,gtit<is~posstble,that'this:comp]eXingﬁ
of the iron species by the additives may contribute to the observed inhibition
,of*Silica precipitation,' o R ‘

Comments on the Mechan1sm of - Inh1b1tion of Silica -
Prec1p1tat1on and Sca]1ng '

Our search for organ1c add1t1ves for the 1nh1b1t10n of the prec1p1tatlon
of 5111ca ‘and sca11ng has been str1ct1y emp1r1ca1 in nature, we have acquired
no d1rect ev1dence of - the deta1led mechan1sm of “how the inhibitor compounds
are ab]e to retard the prec1p1tat1on react1on. Neverthe]ess, in the course of
our experlments a number of interestlng patterns and correlat1ons have
emerged, wh1ch, in the light ‘of “known s111ca and, colloid chem1stry, suggest .
certain -aspects of the mechanism that are. worth out11n1ng for poss1b1e future
studies -in this anea. . We have specu]ated on some of the features of the
mechanism in prev10us pub]1cat1ons,1 4 The recently published treatise by
Iler12 summar1zes a]] of . the studles of the interactions of organic
compounds with s111ca, and much of thxs knowledge13 is directly app11cab1e ,;
‘here.v The major differences of course, are- that ‘we. are . deallng w1th much
,h1gher temperatures, flow rates, and so]ut1on 1onic strengths than are
common1y encountered., S S TR

First of all, - it is reasonably c]ear that the organ1c add1t1ves retard
ne1ther the polymer1zat1on of: s111ca nor. the format1on of nuc1e1 of discrete
‘ part1c1es of s111ca., Rather, they act on the part1cles, once formed to:
‘decrease their rate of aggregat1on in homogeneous so]utlon or, in the case of
:scaIe format1on, the rate of depos1t1on of s111ca partlcles on a substrate
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surface. The probab]e mechan1sm is the adsorpt1on of the" organlc molecules on

the surfaces of the particles to prov1de a barrier- to- their c]ose approach and .

'subsequent aggregation or flocculation. We have no direct 1nd1cat1on of
whether this stabilization of the colloidal silica is electrostat1c or
‘ster1c.14 15 However, it is probab]e that ster1c effects are the more
Vvlmportant ones, because of the pronounced compre551on of the e]ectrica] doub]e
Tayer on particles in contact with this brine; us1ng the formu]a of
Napper,14 the th1ckness of the double layer in Magmamax No. 1 brine (IOHIC
, strength =5, 2) is ca1cu1ated to be 0.15 nm,. whlch is much less than the
dimensions of most adsorblng molecules. The fact that fairly h1gh molecular
weight compounds are required for stab111zat1on po1nts to steric effects be1ng
dom1nat1ng. . : o v B

In ideal steric stabilization, the stab111z1ng molecules anchor themselves,"
to the part1cles in such a way that the part1c1es are. covered w1th a diffuse
layer that is. compat1b1e with, or soluble in, the dispers1on med1um. Strong]y
7anchor1ng funct1onal groups, which: either- adsorb or react are necessary to o
withstand the dislodgment forces of Brown1an mot1on and fluid shear. ‘We have
attempted, in the course of our stud1es, to find add1t1ves that wou]d form
strong chemical bonds with the silica; e.g., a series of silanes was |
| tested, 2 but no substance has been evaluated that gave evidence of an
irreversible react1on.,~Thus, to the extent the;stab111z1ng.molecu1es that we
have found are effective, it appears that physical adsorption is the mechanism
of attachment. The nature of the solubilizing moiety is also important. It.
must be strongly hydrophilic to keep the silica particles dispersed in the -
high-temperature highly saline brine. Additives that render the partic1esv
surfaces hydrophobic probab]y promote ‘aggregation by "hydrophobic
bond1ng n16 This may be the reason why certain additives that we have
examined (e.g., the Austral-Erwin oil add1t1ve5 and Schercoquat DAB-QO),-
caused enhanced flocculation or scaling. , R

A fasc1nat1ng aspect of our findings is that many of the- substances and
types of compounds that we have found to be good 1nh1b1tors of 5111ca - |
precipitation are used in other applications such as‘water treatment,toV'
flocculate silica: hThis is not too,surprising,“however;;because'strong »

-18-



e s

bond1ng to S111ca by 1arge organ1c molecu]es is . we]l known to 1ead to elther
d1spers1on or floccu]at1on of co]101ds. depend1nq on the particular
conditions, espec1a11y the concentrat1on of the organ1c compound. This

'sen51t1v1ty to concentrat1on is 1mportant to note in geothermal app]1cat1ons,

where tr1als of new compounds under new cond1t1ons are undertaken.
The questlons of how the organ1c mo]ecules are bonded ‘to the s111ca

| surface and how these mo]ecules are: oriented in the adsorbed layer are open to

further speculat1on. The answers to these questtons cou]d provide the basis
for selectlng st111 more potent inhibitors. Important factors that determine

'4}the nature of the adsorpt1on of organ1c mo]ecu]es on s111ca surfaces are the
ionic charge on the 5111ca and the neutral salt concentrat1on of the

so]utmn.l3 “The point of zero charge (lsoelectric point) of polymerized

’s1]1ca is at a pH of approx1mate1y 2,° 17 thus in the geothermal brines at pH

5 to 6, the co]]o1da1 s111ca surface s composed of neutral ~-Si0H and ionized
Si0” groups. Organtc molecules can adsorb on the surface - in three

waysm’ by London -van der Waa'ls 1nteract1on, jonic attractmn, ‘and hydrogen
bonding. The' effect of neutral salt as mentioned above, is to drive the
(pos1t1ve) counterions cioser to the charge s1tes, and make the surface more
acce551b1e to adsorpt1on processes Tonic attract1on is undoubtedly the mode
by wh1ch the quaternary ammon1um compounds adsorb and stab111ze the colloidal

‘s111ca, wh11e the non10n1c po]yoxyethy]ene polymers and some of the non1on1c ,

surfactants act via hydrogen bond1ng to the ether oxygens. Compounds such as

1Ethoquad 18/25 that are both pos1tively charged and also contain hydrogen-
~bond1ng polyoxyethylene cha1ns could have a dua] functxona11ty Both hydrogen
, bond1ng ‘and favorable jonic: attract1on cou]d also be operatlve in the cases of

the n1trogen conta1n1ng polymers Corcat p- 18 PAE HC], and RC-413 51nce

,fthese substances probably ex1st ‘as am1ne salts at the pH. of the br1ne. TheSe

: 1nteract10ns wou]d be very pH sensit1ve. e g., ]owerlng the ‘pH of the brine -

, would reduce the charge den51ty on the 5111ca, but 1ncrease the jonic.
vcharacter of the am1nes. At Tower pH the silica surface would be more
'favorably d1sposed to hydrogen bond1ng,vs1nce -S10H groups predom1nate, at

,attractlon.
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To produce steric stabilization of the collo1dal s1l1ca, the adsorbed
molecule must create sufflclent potentlal energy of repul51on to overcome the
London-van der Waals attractive forces between particles that Tead to
flocculation. The size (or molecular we1ght) of the adsorb1ng compound and
its conformatlon on the surface thus are 1mportant 1n determ1n1ng 1ts
effectiveness as an 1nh1b1tor of prec1p1tat1on.14 15 . The presence of these
factors .are evident in the molecular weight effects that we have observed
"Relatlvely small molecules such as polyoxyethylene of MW, = 1000 (Unlon
Carbxde Carbowax 1000)1 and small quaternary ammon fum salts such as
N-(3- chloro-2-hydroxypropyl) tr1methylammon1um chloride (Dow Chem1cal Quat
188)2 were not good inhibitors. Above a molecular we1ght of '\'1000 adsorbed
molecules become good 1nh1b1tors, and the molecular weight" at wh1ch there,1s
max1mum act1v1ty is different for the d1fferent classes of compounds. -

. Toa f1rst approx1mat1on, it appears that the molecular welght of max1mum
‘act1v1ty is related to the basic structure type of the molecule and the degree'
to wh1ch it projects into the l1qu1d phase when adsorbed. Thus, in. the case
of non- polymer1c quaternary ammonium. compounds (such as Ethoquad 18/25 and
‘Hyamine 16222 ) and the polyethylene imines (e.g., Corcat.P-18, M.W. ~ 1800),
which are non-linear, branched molecules, relat1vely low molecular we1ght
molecules are good 1nh1b1tors. The polyethylene{1m1nes ‘especlally, are
h]ghly-branched three-dimensional networks of approximately spherical
shaperlg_;lhe Tower molecular,weight compounds also have the advantage of
higher mobility'in solution, so that their rate of'adsorption could be higher.

The peak act1v1ty of the polyoxyethylenes occurs at a molecular we1ght of
,14 000. 1 ThlS h1gher value than that of the quaternary ammon i um compounds
and polyethylene imines may be related to the fact that the polyoxyethylenes
are linear chains that can lie relatively flat on the surface of the sllica.
However, these chains, because of the high ijonic strength of the brlne, are
highly co1led in solut1on.20 Their conformation on the surface is probably
~ really that of loops result1ng from random attachment of several segments.
Th1s is-an 1ntermed1ate s1tuat1on between that of completely flat layer
adsorption ‘and the maximum extens1on of a chain attached at one po1nt The
Tlatter lS more akin to the situation with the polyethylene 1m1nes.?o,_
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Chem1caTTy somewhat s1miTar to the poTyoxyethy]enes are the ‘
'hydroxyethylceTTuTose poTymers.; Both substances are nonionic but the -
cellulose po]ymers are knownto be much- more r1g1d mo]ecu]es.21. They were
tested at molecular weights of .85, 000 and 2 000 000; “the former was the

better inhibitor (not qu1te as good as the Carbowax 14 000), but the optfmum
"molecu]ar we1ght has not been determined. 1 o : :
o The po]ymeric n1trogen-conta1n1ng compounds, PAE HCT and. RC 413 appear to
be most effective in the moTecuTar weight range of m100 000 (an exceptlon was
: .poTyethy]oxazahne,2 but 1nsolub111ty may have contributed to the ‘
observations here) Because the highly cationic poTymers are eas11y hydrated ‘
~ and soluble, and are’ essent1a11y h1gh1y-extended chafns in solut1on they -
probabTy adsorb more near]y as’ very th1n monolayers than the other compounds,’
“and thTS coqu 1nf1uence the s1ze of the moTecuTe that is ‘needed for good
_ sterfc stab1l1zation. Note that in our testing of the compounds on a weight
basis, for the same concentrat1on ‘there are approx1mate1y the same number of
'carbon atoms - present. Thus for the poTyam1nes the greater act1v1ty at h1gher

" molecular we1ghts means that the fewer moTecuTes present are more efficient,

”perhaps because they probably do’ not Tie as flat on the surface as a greater
" number of smaTTer/moTecuTes.__ S ‘. S S .

A systemat1c research program to 1nvestigate many of these pureTy
’specu]at1ve aspects of the observed stab111zat1on of c01101da1 ‘silica in
geotherma] br1ne ‘could prove to be very worthwh1Te. The effects of ‘the h1gh
temperatures and h1gh sa11n1ties, in’ particular appear to have rece1ved |
little attent1on in the f1eld of coTToid sc1ence, because unt11 now there were

'-few app11cat1ons.

ResuTts of Add1t1ona1 Prec1p1tat1on Tests dur1ng i ianie S
| T;‘ Sca11ng Rate Measurements '57* wrd

Three of the cand1date add1t1ves and three comb1nat1ons of additwves were
evaTuated as’ ant1sca1ants dur1ng the course of this test series. Each’ was ‘
tested in a 40-h. run to determ1ne its effect on the scaling rates at 220, 125
‘»'and}m90°C. Dur1ng these runs s1lica prec1p1tatlon tests were aTso carrled
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out on the br1nes, and the corros1on rates of m11d stee] (AISI 1018) in the
additive-treated br1nes were est1mated us1ng the Petro11te Instruments 11near ,
'po]arlzatlon re51stance (LPR) equ1pment. L SRR

A summary of the addltlves ‘that were tested together w1th the
’concentrat1ons of actlve 1ngred1ent used and the results of the 5111ca
precip1tat1on tests are given in Tab]e 3.. The comb1nat1on of erapol A-15 and
. Gycloryl NA was tested as an attempt to form a more tenacious adsorbed film on
'the s111ca part1c1es.p_In hair preparatwns,10 the cat1onic po]ymer erapol
A-15 s f1rst adsorbed on the substrate, then an anionic surfactant such as
the Cycloryl NA- (sod1um lauryl ether su]fonate) reacts with the M1rapol A-15
to form a second f1lm hav1ng a hydrophob1c exterior. Comb1nat1ons such as
this are also .used 1n other app]1cat1ons to increase film strength To test
the effect of these compounds on geothermal scale, we. 1nJected the erapol
A-15 at the usual po1nt in the system (see F1gure 1), and at /the same. t1me |
v«1n3ected the so]ution of Cyclory] NA 1n the second-stage, 125°C flash ‘

. vessel., A d1sadvantage of this method was that the effect of the comb1nat1on
of compounds on the 220°C scale cou]d not be measured. However th1s
sequent1a1 add1t1on of compounds was des1rab]e to test the idea of the bilayer
film, and was necessary because these two compounds together formed a.
prec1p1tate at the stock solution concentrat1ons used.

The results of measurements of the rates of prec1p1tatxon of so11ds and
silica for the Mirapol A-15/Cyclory1 NA comb1nat1on (Table 3) show only a
sllght, 1f any, 1mprovement over the rates found for M1rapo1 alone (see
Table 2) F1ltrat1ons dur1ng these measurements showed some ev1dence of
add1t1ona1 suspended solids -- possibly a prec1p1tate from the 1nteract1on of
the two additives. Also, as is summarlzed below, there was- an enhancement of
the scaling rate at 125°C ~and the scale seemed to have a hydrophob1c
character. Thus th1s br1ne treatment appears to be another example of a type
which must be termed counterproduct1ve, i. e., colloid stab111zat1on in which
the so]ub111z1ng moiety is hydrophob1c. In retrospect, it is obv1ous that the
anionic component of th1s combination probab]y should not have been a '
'surfactant ‘
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~Tab1é'3;

Add1t1ve

Mirabo1 A 15
(20 ppm) -

Cycloryl NA
(20 ppm) -

"l-hrincubation

: 2-h incubation

- Suspended
“;jsolids L

filtrate =

Si0, in

- Suspended
- solids

S102: 1n
filtrate

Effect of Additives on Rate of Prec1pitat1on of Solids and Silica from
;Eff]uent Brine at 90°C (Magmamax No. 1 Br1ne, 4.0-4.2 Mol/l ch]or1de)

E Brine

1n1t1a1
SlOE
mg/kg

2

- mg/kg -

Ethoguad 18/25 =

(25 ppm)

.vDuomac T
(7 ppm)_

Corcat P-18

(35 ppm) .

87

128, 146

Ethoquad 18/25

(27 ‘ppm)
+

HC1 (TOO‘ppm) :
' ;TEthoquad 18/25‘}

(35 ppm)

© PAE-HCI
(35fppm) j

T
9

Sus o

;7mg/kg- g

e

431

- 404

7‘7425 .3:f!.» 

416, 412

%2

=23~

_mg/kg
196

223

53

.mg/kg

o

339,

- 458
o

327

357

508

506

506

486

486

505




, The second combination. tested Ethoquad 18/25 and Duomac T wh1ch were
- mixed together and added as a single solution, compr1sed a s111ca
precipitation inhibitor and a corrosion 1nh1b1tor used in other appllcat1ons.
- The latter has v1rtually no activity as a silica prec1p1tat10n 1nh1b1tor (see:
Table’ 2), thus the effect ‘of - the comb1nat10n in this test (see Table 3) is
h"about the same as that of the Ethoquad 18/25 alone. There ‘Was no 1nd1cat1on
~of undesirable behavior in the prec1p1tation tests but there was an Y
enhancement of the scaling rate at 1259 compared to the untreated br1ne,
and compared to the effect of Ethoquad alone. In this case, the failure is
possibly due to Timitations in the solubiTity’of’the'DUOmac T.in the'brine,'a
characteristic that we prev1ous]y attributed to other long chain ammes.1 :
The combination of Ethoquad 18/25 .and hydrochloric acid was des1gned to
'test the effect of a comb1natlon of a silica prec1p1tat1on inhibitor with a
“sma]l" amount of ac1d. Many ‘previous 1nvest1gatwns3 »85 22 have shown that '
lowering. the pH of the brine effect1vely decreases the rates of 5111ca

. precipitation and sca11ng, however for ‘this brlne, a concentratton of at

least 300 ppm HC1 is required to lower the pH of the effluent brine from5.9
to 5.0 where antiscalant activity becomes measurable. This corresponds to-a
concentration of 800 ppm of the 37% concentrated ac1d, and it represents a
rather high chemical cost thus it is of 1nterest to know whether a
combination of acid and organic inhibitor cou]d be rendered cost effect1ve.
For the one exper1menta1 trial in the time avallable, we selected an amount of
Ethoquad 18/25 in the range usually used and. a relatively small amount of
hydrochloric acid (100 ppm HC1) that was not expected to change the oH of the
brine to a great extent. The resulting pH change was indeedynot large, from
5.9 to 5.7, but as shown in the data of Tablev3; this quantity of acid
significant]y enhances the retardation of the precipitation of silica compared
to Ethoquad 18/25 alone. As w111 be discussed be]ow, the acid also is very
beneficial as an antiscalant, but its effect in this measurement was somewhat
obscured by the behav1or of the Ethoquad For these experlments the Ethoquad
~ and hydrochlor1c acid were mlxed together and 1n3ected at the usua] h1gh
temperature poant
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The three compounds ‘that were tested alone, Corcat P-18; Ethoquad 18/25,
and PAE- HC] were eva]uated ata concentrat1on of 35 ppm, “which is higher

~than the 20 ppm concentrat1on of thevprec1p1tation screenjng tests, and higher

than the 20-25 ppm tested in previous scale abatement measurements.3 This

' h1gher concentration was selected because: t1me was not available for-a study

of the effect of concentrat1on and we wanted to- 1ncrease the. probab111ty that
a measurableveffect of the additives would be observed.  On the other hand, it

" _is quite desirable to use as Tow a concentration of additive as possible -~
~ because of ultimate chemical costs and because overfeeding often results in
. the enhancement of scale deposit formation (sometimes termed “pseudo-
’sca1e“23) In any event, opt1m1zat1on of the effect of the additive vs.
concentrat1on should always be done. R ‘

The results of the s1lica prec1p1tat1on rate measurements, as given. 1n

- Tables 2 and 3, show that 1ncreas1ng the concentrat1ons of add1t1ves from 20
to 35 ppm sl1ght1y enhanced the inhibition effect for the Ethoquad 18/25 and

PAE HC1 but not for the Corcat P- 18 "It has’ been noted prev1ously3 that:

" the concentrat1on dependence is quite pronounced in certaln ranges and that in

general, for a]T of the organ1c add1t1ves we have examined, 1-3 a
concentrat1on of ~40 ppm is the po1nt at which further improvement is

_marg1na1. The reason for this 1nteresting f1nd1ng is unknown, but this Timit

may be re]ated to the concentraton at which s111ca partlcle coverage is

kcomplete under our part1cu1ar k1net1c and hydrodynamc cond1t1ons. Another

possibility in ‘the case of some of the surfactants like Ethoquad 18/25 is that
the concentrat1on 11m1t is re]ated to the cr1t1ca1 micelle concentrat1on24
of the add1t1ve in this br1ne.

'nEleCtrochemiCa]'Corrosion-Rate'Measurements v

: Table 4 summar1zes the resu]ts of the measurements of corros1on rates
obta1ned W1th the Petr011te Instruments equ1pment., The values of corrosion

: rates 11sted are those 1nd1cated after 40 -h exposures -- near the '

term1nat1ons of the scaling rate exper1ments -~ when the corrosion rates had

| '°reached near]y steady values. Figure 2 111ustrates how the 1nd1cated

25~




EQTab]é‘4. rSteady State Corrosion Rates of Mild Steel (AISI 1018) in
- Add1t1ve-Treated Brine as- Estlmated bykthe L1near Polar1zat10n

‘Res1stance Technlque.,

. Corrosion rate, mpy .

Additive® SR e .gggﬂ_f R 125%

None, Contro] R 15 5

Mirapol A-15 + Cycloryl N 6 . 2.4
Ethoquad 18/25 + Duomac. T S8 20
Corcat P-18 . . 8 1.0

. Ethoquad 18/25 +HC1 - 17 20
 Ethoquad 18/25 . 8 . 1.2
CPAESHCY ... .18 2.0

- @ See Table 3 for concentrations of additives."
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Corrosion rate, mpy

CORROSION RATES OF MILD STEEL AT 125 C

ESTIMATED BY LPR TECHNIQUE

500
200t
S100— T N

<. Untreated

_ CorcatP-18

R 316 24 :.32:
| | | - Time, hours

40




corrosion rates vary for several types of brlne treatment using th1s :
technique. The measurements of ac1d1f1ed brine were obtatned in a prev10us
study.3 . :
Most of the differences in values listed in Table 4 may not be very ‘
s1gn1f1cant since cons1derable var1at1on in corrosion rate has been observed
for untreated brines in the course of the year's experlments. ‘At 200- 220°C
previous corrosion rates have ranged from 4 to 11 mpy, and at 125°C from 7

to 22 mpy. However the high value of 17 mpy at 220°C observed for the v
brine treated with Ethoquad and acid has been verified. The corresponding

~ scaling-rate specimen at 220°C was the only one that lost weight (see Table

5 below), and calculation of the corrosion rate from this weight Toss yie]ds a
value of 20‘mpy. The very low values of 1 to 2 mpy observed for‘the other
additives at 125°C also are probab]y realistic and represent some " corrosion
inhibition behav10r. A value of 2 mpy at 1259C was found for the Ethoquad

- 18/25-Dequest 2060 comb1nat10n tested prev1ous]y,3 and Dequest
phosphonate-type compounds are known to funct1on as corr051on 1nh1b1tors.
Polyethylene imines such as Corcat P-18 have been used as corrosion 1nh1b1tors
for mild steel in chloride med1a,26 27 and Tong chain amines such as PAE HCI
should also exhibit such activity. Corrosion;inhibition}js certainly a
desirable property for a potential scale inhibitor beoausev(a)_the siliceous
scale adheres more readily to a surface roughened by corrosion, and_(b) ,
suppression of the entry of Fe2 ions into the so]ution minimizes the .
formation of Fe2 hydrolysis species which, it has been speculated, 8,28

are important nuclei for the deposition of the siliceous scale. ’

As shown in Figure 2 the corrosion rate for pH 3 acidified brine remains
at wlOO'mpy, as estimated byrthe LPR technique. This is consistent with the
finding3 that at this pH essentially no silica forms on surfaces exposed to
the brine, and mild steel is found to accumulate only corros1on product.
Ac1d1f1cat10n to pH 5, on the other hand, is not suff1c1ent to complete]y
suppress silica scaling from this br1ne.3 The apparent corrosion rate thus
~ continuously drifts downward for the first 3 days exposure and probably wou1d>

‘ eventually reach the value of 5 .mpy found for untreated br1ne. The 1nh1b1tor

-action of the Corcat P- 18 can be inferred c]ear]y from the curves of F1gure 2:'

25
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Resu]ts of Scaling Rate Measurements

Tables 5 and 6 summarize the resu]ts of measurements of the effects of the
various additives on the sca11ng tendency of Magmamax No. 1' brine. At

'220°C the rate of sca11ng of untreated brine has always been so low that

exposure t1mes of the ‘order of 100 h are too short for very accurate

"r(comparlsons by the: techn1que of sca]e th1ckness measurement “Thus we 1nclude o
also in Tab]e 5 the data’ for the measurements of the we1ght changes of the
'coupons exposed to the. br1nes., This is a more sens1t1ve indicator of the
‘effects of the additives. As usual, the three different materials -- AISI

E :'1009‘mild steel TFE Teflon, and Hastelloy C- 276 -- were exposed to |

d1fferent1ate the effects of corrosion from those of scale deposition.

At 220°c, there appeared to be an increased rate of sca11ng as a result
of the add1t1on of the M1rapol A-15 to the high temperature brine. We
estimate that the reproduc1b111ty of ‘these measurements is approximately
+40% On thlS bas1s, it is also clear that the ‘Ethoquad/Duomac combination
and Corcat P-18 had no effect. There appeared to be a s]1ght reduction in

'scaling rate for the Ethoquad 18/25 alone, although the weight ga1n data for

Teflon .and Haste]loy do not bear this out. The combination of 100 ppm HC1

~with 27 ppm Ethoquad 18/25 and the PAE-HC1 at 35 ppm, both clearly reduced

the scaling rate. at 220°C. As noted ‘above, the m11d steel coupon in the
presence of. the Ethoquad/HC] lost we1ght because of general corrosion. Even
though there is on]y a small change in brine pH as a result of the HC] B
addition (at least as measured at the eff]uent po1nt), the effect on sca11ng

,rate is s1gn1ficant.

It is also 1nterest1ng to note that some, 1f not all of the measured

Vf;effect of the PAE- HC] at 220°C may be due to the concom1tant addition of

free HC1. Because th1s add1t1ve is a weak hydroch]or1c ac1d so]ut1on of the
polymer1c amlne the 1n3ect1on of 35 ppm PAE-HC1 is equ1va1ent to the addition

| "”of ~v30 ppm of HC] It is poss1b1e that this. character1stic of the PAE-HC]
‘enhances its act1v1ty compared to ‘the other add1tives that we have tested and
. may be reason why the PAE" HC1 was super1or to the Ethoquad 18/25 in the
o _’prev1ous prec1p1tat1on tests in stronger brine.3 All of the other




Table 5. Effect of Additives on Scaling Rates of Geothermal Brine at 2200C
(Magnamax No. 1 brine; 4.0-4.2 Mqlll chloride; 40 h-exposgres) S

.. Coupon - - :
, .. Scaling rate, mil/h RPN
: MiTld ; EFREERE : ‘ Mild o o
- Additived. ‘Steel ~~ - Teflon -~ Hastelloy -~ - ‘Steel Teflon ..~ Hastelloy.

None, Cohtrb] ©0.03 0.03 - "'0;02‘:I | : w15,7‘ | '19341f’*'1‘-12;4 :

Weight gain, mg

L 4

Mirapol A-15 RS SR e T T e
(20 ppm) 0.6 006 014 28.6 27.0 21.5

Ethoquad + | L LT R e e |

Duomac T .:; 1 0.03 0.03 =~ 0.03 - 18.8 8.6 14.6
Corcat P-18 R T SRR L o

»(35 ppm) - 0.03 - 0.03 0.02 . 15,5  20.6 ° '16.5
Ethoquad + ,’f . S - - ‘. o i : ;",Aj ” ';{:: "'\,7 .
Ethoquad 18/25 . : . .  ~ e ﬂ)v SR "

(35 ppm) 0.01 0.02 <0.01 - 6.2 - 14.9 1.8

PAE-HC1 _, | | | e R U S
(35 ppm) - 0.01 <0.01 . <0.01 " 49 96 1.4

d See Table 3 for conCentrations‘of‘additive combinatichs;
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Table 6. Effect of Additives on Scaling Rates of Geothermal Brine at 125-and
' . 900C (Magmamax No. 1 .brine; 4.0-4.2 Mol/l chlor1de) : 7

- 125°C Coupon S N : 90°C Coupon :
Sca]ing rate, m11/h S Scallng Tate,
~ (40-h exposure) R e mil/h -
oo Mild o . g Exposure = Mild
Add1t1vea - Steel 'Teflon Hastelloy time, h Steel

None, Control o 20_‘ 0.20 R ECR 7,9 6,61

M1rapo1 o RN j G S R v
Coyloryl 22 25 25 - -
Bthoguad 0 r e U i S e e

. Duomac T - ~0.65 .08 - 0.9 2t. . L9
Corcat P-18' - . ‘,"p;‘ L e :

(3% ppm) - 005 . 006 - 005 . . 0.35
Wi . . 005 002 . 002 . 2.5 1.0
Ethoquad 18/25,-,._3f_3 el e e T S
(35 ppm) - 030 0.60 0.56 . 22.5 1.4

(35 ppm)',, o008 009 008 .2 0.8

d SeelTable.Bffor‘concentrationS:Qf additjvéycombipations.
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additives that we have tested are weakiy acidic neutral, or in many cases
slightly alkaline in reaction.’ Because of the sensitivity ‘of the 51l1ca
polymerization reaction to pH, the pH of the add1t1ve solut1on and its manner :
of‘m1x1ngfw1th ‘the brine are important factors’1n the use of_these substances.‘_
ASEShown‘in Table 6, the effects of the additives'at 125°C were quite -
diverse. Here the coupon - we1ght changes (a]] ga1ned welght) are not listed,
‘because - they closely paralleled the thickness measurements whose accuracy is
-est1mated to be approx1mate1y +25%. As mentioned above and as can be seen in
Table 6, both the Mirapol A-25/Cyclory1 NA combination and the Ethoquad A
18/25-Duomac T combination were unsat1sfactory as ant1sca1ants at 125°C.
Both formed a thick, powdery scale considerably different from, and in excessa
of, that formed from the’untreated brine.. In the case of the'MirapoIICycToryly
‘ m1xture, this pseudosca]e was probab]y a result of the reaction of these two
components.  In the case of Ethoquad/Duomac comb1nat1on, insolub111ty of the
Duomac T is a poss1b1e cause, although as can also be seen in Table 6, a
slightly higher concentrat1on of Ethoquad 18/25 (35 vs. 25 ppm) also caused a
pseudoscale as 125°C. This is the first time that: Ethoquad 18/25 has been
observed to form a pseudoscale, and it must be due to the use of too high a
concentration to be compatible with the brine. The discovery of this limit =
for overfeeding Ethoquad 18/25 serves to emphasize the need to evaluate each
compound as a function of its concentration. .Because_Ethoquad 18/25 is a
' surfaotant, capable of micellar association and formation of hydrophobic
entities, and contains fairly long chains of polyoxyethy1enes, it may have a
greater propensity than the strongly cationic polymers toward insolubility.
At_125°c, both Corcat P-18 and PAE-HC1 significantly reduced the scaling
rate, and the combination of Ethoquad and HC1 was best of all; especially for
the surfaces that did not corrode (see Table 6, Teflon and Hastelloy). Unlike
the harder scale formed from untreated brine, the scale formed in the presence
of these three additives was soft, powdery, and easily removed from the '
coupons, especially from the noncorroding specimens. It is noteworthy that
to the extent that the Ethoquad 18/25 alone may cause a pseudoscale, the
presence of the acid more than compensates for it. The h1gher corrosion rate
of 20 mpy at 125°C for this mixture (see Table 4) a]so is consistent with
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the apparent reduct1on in sca11ng rate. - Add1t1ona1 exper1ments with
combinations of acid and the other silica prec1p1tat1on inhibitors Corcat P-18
and -PAE - HC1 obv1ously should have been performed, but this was precluded by |
our sequence of exper1mentat1on and 11m1tat1ons on the fleld test1ng tlme.
At 90°C the P inch. tublng spec1mens showed a dramat1c reduct1on in the

: sca11ng rate as’ a result of the presence of Corcat P-18 in the br1ne (see 7
3Tab1e 6), and the pure wh1te appearance of the scale that was formed further _

~ “indicated that Corcat P-18 acted.as a corrosion inhibitor as well. The
‘reductlon in scallng rate and corrosion was 1ess pronounced but st1]1 very

good, for PAE HC1. Ethoquad 18/25 was more effect1ve in this experiment at

'35 ppm, than prev1ous]y at‘25 ppm,3 and the comblnat1on w1th HC1 was even

better. . These scales showed no substantial morpholog1cal d1fferences from the
scale formed from untreated br1ne -- al] are soft eas11y removed and
snow-f]ake-11ke in appearance. when dr1ed and exposed to air, their wh1teness

l,changes to the ye]]ow of Fe3 spec1es if significant substrate corrosion has

occurred In splte of the unsat1sfactory performance of the Ethoquad/Duomac

'comb1nation at 125°C, it d1d afford a s1gn1f1cant degree of scale -abatement
- at 90°C Our tests have a]ways shown a good general correlation between the '
: preC1p1tatlon 1nhib1tor tests at 90°C and the sca]ing rate measurements at
'the same temperature. ' ‘

,Summary,ARecommendations,'and.Conc1uSions

The exper1ments descr1bed here const1tute the f1na1 series 1n our f1e1d
test1ng to f1nd a cost -effective organ1c compound for the retardatlon of the

N siliceous scales of the Salton Sea Geotherma] Field. Although term1nated
’(because of a lack of fund1ng) ‘the study cannot be conswdered comp]eted for
there are add1t1ona1 log1ca1 avenues and extens1ons of this work that shou]d
fbe pursued. As it stands now, we can, however, summar1ze this 1nvestlgat1on,
~ present some recommendat1ons on. the best ant1sca1ants we, have found thus far,

and offer some suggestlons for the1r further eva]uatlon. In addit1on, ‘some

'f general comments on test1ng techniques for. antlscalants in geotherma] |
,app11cat1ons will be advanced, and some compounds that ‘should be exam1ned in
“further scale control tests wil]rbe mentioned.
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7 Table 7 summarlzes several of the sa11ent characterlst1cs of the four
compounds that we now regard as the 1ead1ng candidates for the abatement of
the siliceous scales. fThese s1ngle compounds are regarded_as-the best silica
‘scale inhibitors; however, as will be discussed below, the'bestvantfsca]ant :
additives ultimately will probably be mixtures incorporating such compounds.
Although Mirapol A-15 was not tested alone as an antiscalant, it performed
very well in the precipitat1on test and it appears to have many of the other
chemical and physical features of a good silica sca]e 1nh1b1tor., ‘

| A1l of the products listed in Table 7 are available as 11qu1ds, and

'eXCept for the PAE- HC1, at high strength, which facilitates their 1nJect1on in
large scale facilities. However, in such applications, an adequate'degree'and
time of mixing in the brine must be allowed to ‘insure dispersal and solut1on
of the active compound The active compound, in the dxluted form in the
'br1ne, should also be al]owed to react w1th the part1c1es of s1]1ca as early
in the geotherma] system as’ poss1b]e. Res1stance of the compounds to the high
temperatures of the brines is genera]]y not of concern for the short re51dence’
times 1nvo]ved But it has been . demonstrated2 that add1t1ve 1nJect1on as

far upstream in the system as poss1b1e where the part1c1es of silica are the
smallest size, yields the greatest activity 1n‘1nh1b1t1on of silica
precipitation. |

Another property that may be s1gn1f1cant in the use of an ‘organic additive
as a geothermal antiscalant, depend1ng on the system design, is surface ' '
activity and tendency to form a foam. Foaming in steam/brine separators would
be detrimental to their operation. Among the four compounds, only Ethoquad
18/25 and Mirapol A-15 impart some foaming tendency to pure water; this is
suppressed byjthe high salt content of the brine at ambient temperatures. The
behavior of these compounds at both high-salt and h1gh temperature cond1t1ons
with respect to foaming is unknown, but if undes1rab1e, it cou]d be
neutrallzed by means of an antifoam agent. o '

Future utilization of the brines of the Sa]ton Sea Geothermal F1e1d will
probably involve proce551ng of the effluent br1ne for so11ds remova1 prior to
1nJect1on.29 30 This 1nvolves the use of a reactor/clarifier in which the
brine contacts a silica sludge to reduce the concentration of silica in the
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: Table 7.

~ Trade
- .Name -~

Corcat P-18

. pAE.HC] f  L
Ethoquadk18/25jjf.

Mirapol A-15 =

;V’ffChémical*Nameg‘n< "

}f‘Po]yethylene 1m1ne‘5'j‘

M.W. =1800

ﬂ-'iiPo1yam1noethy1ené‘" |

hydroch]or1de ‘
= 120 000

Po]yoxyethylene(ls)”
- octadecylammonlum

ch1or1de

',Polyd1quaternary .
-~ ammonium chloride
”_(see P 9, structure 8)

d Quoted Novémbeb/December,k1§79
b Also available as 30% active

C Also ava11ab1e as Tomah Products Q-18 15

~ Manufacturer :

 Cordova
Chemical

>nynép01 &

Armak

" “Chemicals D1v.;

”«Akzona

'M1ran01f‘;:
'Chemjcals;,

 Liquid 97

Character1st1cs of 1ead1ng cand1date compounds for the retardat1on of scale
Salton Sea Geotherma] F1e1d S :

at the

‘JnPrice;a°$/1b-activé“'
~ Current, ~ Estimated at

CForm  Active

Liquid ~ 10b
© Liquid 95

Liquid 64

. 10-25 drums

10% 1b/yr

 5.50%0.50  3.75% 0.25

160 8.00% 2.00

123 107

386 3.13




* effluent to equilibrium levels at m90°C. If such processes arefused,'the'
impact of silica precipitation inhibitors on‘their operation must be -
assessed. The perfect silica precipitation inhibitor, of course, wou]d
obviate such solids removal equipment. In the case of the ‘compounds that we
have found to be good inhibitors, it appears that they have little 1nfluence
on the powerful dr1v1ng force for prec1p1tat10n that is provided by the sludge
contact. In some recent jar tests,31 it was found that PAE-HC1 actually
paccelerated the removal of silica by the sludge contact'techniqUe.' Thus it
can be concluded that these less- than-perfect inhibitors probab]y would have
no detrimental effect on reactor/c]ar1f1er operations. However, the
injectability of the brine containing scale control additives should still be
examined, because some high molecular we1ght polymers, even though comp]etely
soluble, are known to limit the passage of fluid through small pores.32

Because such large quantities of chem1ca1 would be required, an overr1d1ng
“consideration in the use of additives for geothermal scale control is the cost
of the additive itself. Assuming that 1 kih of electricity could be generated
from 100 1b of brine at the Salton Sea Geothermal Field,33 and the
concentration of additive is 20 ppm, the quantity of additive required would
be ] ton/day for a typical 50 MW power plant. The concentration required
places a constraint on the cost of the add1t1ve. Assuming that the cost of
power generation is 33 m111/kwh 33 then at 20 ppm and $2.00/1b, ‘the add1t1ve
would represent NIZ% of the cost of power generation.

As can be seen in the price data of Table 7, only Ethoquad 18/25 has a
current price -- or even a large-volume projected price -- that approaches the
cost constraint we have outlined. Both Ethoquad 18/25 and Mirapol A-15 are
already relatively large-volume commercial~ehemicals, but markets are just
emerging for Corcat P-18 and PAE:HC1. Unfortunately, because of their
complexity of manufacture, the prices of Corcat P-18 and PAE-HC1, are expected
to remain relatively high even if adopted for geotherma] use.

Neverthe]ess, it appears that cost comparisons such as these should be
done very carefu]ly for each specific geothermal system des1gn. Costs of
various optlons are changing rapidly, and the benef1c1a1 effects of a chemwcaT
additive treatment will always be measured against a]ternat1ve techn1ques of
~scale control Since periodic plant c]ean1ng will probab]y always be
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requ1red the frequency of c]ean1ng will serve as the basis of compar1son of
the various alternative techn1ques. Moreover the ease of removal of the -
scale as a result'of,brine?treatment, as well as: the degree of scale
-abatement, ‘should be a consideration in eVa]uating a'candidate‘additive. Al
-of these add1t1ves appear to render the" sca]e easier to remove at the lower
temperatures.-; : o R e et L I B
Based on the varioUS cr1ter1a of merit that we have d1scussed and the
performance of these compounds ‘as - an ant1sca1ants we believe that Corcat P-18
“is the most prom151ng 51ngle compound. It has good phys1ca1 propert1es, is a
low molecular weight po]ymer, ‘and there: is ‘good evidence that it also
funct1ons as a-corrosion inhibitor. An 1dea1 add1t1ve mixture might be
composed of the following: - S ‘
: - Corcat P-18 '
iHydrOch]oric’acidai

c g Dequest 2060 - .

,As has been demonstrated hydrochlor1c acid confers antlscalant activity in
the 200°C regime, and it enhances the effect of the 5111ca precipitation
.;1nh1b1tor at lower temperatures. ‘A tota1 cost advantage could be gained by
‘vtrad1ng of f- a quant1ty of. the' Corcat' P-18 for the much less expensive HC1
(~$0. 10/1b) As has been shown, concentrat1ons of- HC1 of at ‘least 100 ppm do
- not -greatly 1ncrease the corrosivity of ‘the N11and br1ne. -Also, brief
- tests of the effect of ac1d1f1cat1on ‘on. the: operat1on of our centr1fuga1
'separator have shown very. 11tt1e carryover of HC1 in the steam. Dequest 2060
" (Monsanto d1ethy1enetr1am1ne pentamethylene phosphonic acid) is suggested as a
component because it is effect1ve as an 1nh1b1tor of crystal]ine (e.g.,
CaC0y ‘and CaS0,) sca]es ‘and has been shown to be synerg1st1c in
' ~comb1nat1on with- Ethoquad 18/25 3. A ’ S
.. PAE- HCT cou]d be subst1tuted for Corcat’ P- 18 in th1s formulation -- it has
the advantage that the HCI 1s already present, and it cou]d be supp11ed in the
h1ghly ac1d1c, rather than part1a11y neutra11zed form.; At that stage in the

Note that scale abatement a]one tends to increase corros1on rates, th1s |
quantlty of HC] does not great]y 10wer the pH and further 1ncrease
corros1on. : '




manufacture of the compound,’ the praduct contains '3 equivalents'of HC1 per
amine group; thus in. thlS form, ‘the add1t1on of 35 ppm of PAE-HC1. would entail'
‘the concomitant addition of ~v100 ppm of HC1, with the resulting benef1c1a1 |
,effect. However, accord1ng to Dynapol spokesmen, supp]ylng the PAE- HC]
without neutralization would not substant1a11y reduce.-its pr1ce.3
Our recommendation of these compounds for silica sca]e control’ must be
regarded at this time as being. spec1fic to the brines’ of the. Salton ‘Sea.
Geothermal Field. Nevertheless they also appear worthy of trials at other
resources (e.g., Cerro Prieto, New Zealand, and Raft R1ver, Idaho) where
silica precipitation and scaling are also encountered, 'AI],other cond1tions
~being equal, they may be more effective in the lower salinity brines. If they
are evaluated at other resources, 1nvest1gators should be aware of the many-
variables that will affect their performance. Indeed, a relat1ve ranking of
potency of various compounds may be different in d1fferent silica-bearing
brines. Factors and variables to be considered in an ant1sca1ant evaluat1on
are the fo]low1ng | . L e
Brine pH. This factor is complex because 1t determines both the
ionic form of the additive compound and the state of the surface
of the‘s1l1ca particles. For example, compared to the N11and
“brine pH of 5-6, more alkaline brines (such as Cerro Prieto)
‘should cause the silanol groups on the silica to be more highly
ionized, imparting a higher density of negative cherges; and
making cationic additives more. strongly adsorbed.
Concentrat1on of Add1t1ve.1 This factor is extreme]y important
because the action of a part1cu1ar compound as an ant1sca1ant may
be confined to a fairly narrow concentration range. Compounds .
that strongly adsorb onto co]]o1da1 particlies (such as the silica
in the geothermal brine) may, at lTow concentrations, promote
- scale deposition by acting as br1dgtng flocculants.16;34 At
higher concentrations, where the particles are completely covered
by the adsorbed compound, precipitatiOn and scale‘deposition wtll
be inhibited. At still higher concentratlons the danger of -
overfeeding and pseudosca]e23 formation ex1sts.‘ For these

-38-



»

reasons, new applications of the recommended antiscalants should,
. if possible, be evaluated first in precipitation tests of the
. type we have used to determine the effective ranges of
'~concentration _Also, add1t1ve feed. systems should be deS1gned to
be non- pulsatlng to m1n1mize trans1ent concentrat1on excursions.

Br1ne Salinity. In the. case’ of the Nlland br1nes, it has been

,found3 that the tota] dnert salt concentration profouondly
1nf1uences the rates of silica precip1tation and scale

“:,depostt1on.,iThe,thher(thewsalt concentrat1on (or sallnlty), the

_ more rapidly;silica'precipitates; and the less effective a given
additive becomes in reducing scale deposition. Because of this

~ effect, our. comparisons of additives had to be done carefully on

-an "equal salinity" basis. . | 5 .,1 s S e

P01nt of Addition of Ant1sca1ant Several aspects of the manner and

\ 4locat1on at. wh1ch the ant1sca1ant is 1ntroduced in the geothermal
1system are worthy of note.. Qur work has_been dlrected,toward the
abatement of s111ceous scales. Thus we have not been concerned

‘,w1th the su]f1de rich Tow. 5111ca scales. that are formed from the

_'N11and fluid pr1or to steam separation. . After the initial steam

,separat1on (at 200- 220°C, see F1gure 1), silica deposition
. begins along with add1t1ona1 su1f1de formation, and the scales

- contain 40- 50% s111ca.5 ‘We had hoped to d1scover an.organic

- compound that wou]d control th1s scale as. we]] as those at lower
,_‘Ttemperatures, but 1t appears; that only acid, or ac1d1c add1t1ves

‘ssuch as. PAE:-HC1, are effect1ve above W180°C. v

: , Nevertheless, as mentioned. above, we believe: 1t is. very.
- 1mportant to inject: the organwc additive as ear]y in the system
: -1fas possib]e so- that the adsorb1ng compound can react with the

‘l~ {;sillca part1c1es 1n the1r 1nc1p1ent growth stage, (Insuff1c1ent
" .residence t1mes at. temperatures >180°C in our system may be one

; ;reason for. the Jack of ant1scalant act1v1ty ) We have found a

:y:}»fcons1derab1e dec11ne in act1v1ty of 5111ca sca]e 1nh1b1tor
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activity as the point of ‘addition of inhibitor'apprOachesdthe

‘effluent stage. Thus wellhead or'pre4f1rst-stage injection is

,recommended, if poss1b1e, even though ant1sca1ant act1v1ty m1ght

not be reallzed at that po1nt. - o :
o The types of compounds that have emerged from our test1ng as effectlve L
s111ca scale 1nh1b1tors ‘quite naturally suggest other related compounds that
'should also be examined in further tests at the Salton Sea Geothermal Field, or
with br1nes at other geotherma] sites, - Among compounds we have already tested '
- but on]y as precipitation 1nh1b1tors two ~compounds - appear to merit further
evaluation: " Armak's Arquad 18/50' wh1ch is. ‘structurally S1m11ar to Ethoquad
18/25 (see p. 5 of th1s report and is a]most as potent; and Rohm and Haas'
Hyamine 1622, which was tested earher.2 Both products are quaternary
ammonium compounds without po]yoxyethylene. (It is 1ron1c that we now believe
that the po]yoxyethylene mo1ety 1s not. a prerequ151te for effectlveness in
: scale control. ) As noted above, hlgher molecular we1ght vers1ons of the
Amerlcan Cyanam1d RC-series cat1on1c po]ymer1c tertlary amines shou]d also be '

tested. : : a
Another compound of 1nterest wh1ch 1s recommended for use in 51l1c0515

therapy but is only ava11ab1e in research quant1t1es, is po]y-(2-v1ny1pyr1d1ne
N-oxide). 35 Other N- ox1des are also known to form strong hydrogen bonds with
s111ca.36 However, these substances are an1on1c and they are said to bond to
non-ionized silanol groups, thus they may not be as effect1ve toward the
negatively charged silica particles in the geothermal brines. Finally, there
are a number of other cationic polymers of various types,37 38 which are used
principally as flocculants in water treatment and. in m1nera1 flotation, which
should be evaluated as silica antiscalants; they may offer cost advantages.
Since the field test series discussed herein was the final one of this
1nvestigat1on, it may be of interest to enumerate br1ef1y a few of the facts
about the overall scale control investigation that began in Jate 1977. We
initially tested 49 organic compounds off-line to obtaln a first 1nd1cation of
the functional groups that interacted with s111ca in the hypersa11ne .
brine. 39 A tota] of 16 propr1etary5 and 59 gener1c (chem1ca11y identified)
compounds were then evaluated by means of e1ther precipitation or
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scaling tests using the pilot-scale brine treatmentitest system (Figure 1).
~In: addition, the effects of hydrochloric acid were examined further; and
'preliminary tests of s]udge seeding, hydrogen peroxide ammon i um hydrox1de,
and sodium hydroxide as scale control agents were conducted. In the course of
thislinvestigation, products,from 49 different chemical companies were tested
(see Table 8), and 23 other firms (see Table 9) were consu’lted regarding their
‘ chemica]s for testing. e - Sl

As a final comment on- this jnvestigation it is worthwhiie to. recall ‘that
at the,beginning,of the study virtually no knowiedge existed on the types of
compounds that would interactnwith~the silica'inrthe geothermal brine. -
Stabilization of the co]ioidal:silica under the-severe conditions of high
‘temperature, high ionic strength, and high fluid shear rates is well outside
the sphere of the USual'colioid theory and applications in water treatment.
Thus to screen large “numbers of substances. rather rapidly, we deSigned the
brine treatment test apparatus as a small- sca]e flash system and operated it
from a 51destream connected to the production weli Because this sidestream
was not perfect]y representative of .the main stream, and because the well was
not operated at full flow during all of the studies, the prevailing fluid
chemistry was probably not always constant and prec1se1y equal to that which
would be encountered ina5 M full- -scale facility. We have, however,
developed considerable knowledge on how brine‘chemistry‘and plant design
~ affects: scale deposition and . the action of. the additives, -s0 transfer of this
technology to larger fac111ties should present few difficulties. |
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Table 8. - Chemical compan1es whose products were tested in the scale-control

- study.

Air:Products

~ Aldrich Chemical
Alkaril Chemicals
~“American Can
American Cyanamid
American Heochst
" Armak Chemicals
‘Ashland-Sherex
Austral Erwin

J. T..Baker Chemical

- BASF-Wyandotte

Betz Laboratories

~ Bio-Rad Laboratories
Calgon '
Champion Chemicals
Ciba-Geigy

- Continental Chemical
Cordova Chemical
Croda

Cyclo Chemicals
Dearborn Chemical
Dow Chemical |
Dow Corning

Drew Chemical

DuPont

'DynapoT"

Far Best

. B F. Goodrich
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~;‘,w R. Grace, 0rgan1c Chem1cals Div.v
‘Hercules ' LT
- ICI Amer1cas

Jefferson Chemical (Texaco)

"~ Miranol ‘Chemical

,

Monsanto -
Nalco Chemical -
C-E Natco .

~ PVO International

Shell Chemical
A. E. Staley
Rohm and Haas

Scher Chemicals

Southwest Specialty Chemicals
Swift Chemical
Thompson-Hayward

3M

Tomah Products

Tretolite Div., Petrolite

- Union Carbide

Witco Chemical



o

" Table 9.

Meolac
~ Arjay :

Armstrong Chemwcal

Byk- Ma111nckrodt o
Carson Chemlcal
»Chevron Chemical

Conoco Chemicals

Consos ‘ .
Fibreboard Paper Products
GAF: e

Gulf 0il’ Chem1cals

-Henkel

Chemlcal compan1es contacted durlng sca]e contro] study whose
< products were not. tested

I11inois Minerals
“Magna
7'M1111ken Chem1ca1

National Starch & Chem1ca1 o

ML Baroid
~ Onyx Chem1cal

Pilot Chem1ca1

~Ryco

Vertac

‘Wen=Don Chem1ca1
Zimmite
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