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rs ,  and it  apparently has 
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In t roduct ion 

po r t  i s  a descript ion o f  f u r the r  resu l ts  o f  o 
evaluate organ compounds f o  

the Salton S 
f our invest igat ion previously 

11 u l  oses , other ethoxyl es o f  hydroxyethyl 
s were examined as i 

addi t ive mixtures h 
s i n  an e a r l i e r  ser i  

i t o r s  f o r  the p r e c i p i t a t i  
a lso been subjected t o  sc 

2 

he p rec ip i t a t i on  tes ts  o f  the ethoxylated or e t  
unds c l e a r l y  showed tha t  the polyoxyethylene ( 
g l y  in te rac ts  with the co l l o ida l  s i l i c a  i n  the 

br ine  a t  temperatures below C. One spec i f i c  corn 
(Un i on C arb i de Corpor a t  i on ) h i s  essent ia l l y  pu 
polymer o f  molecular weight 14,O emerged as the m 
of s i l i c a  p rec ip i t a t i on  i n  the 9 incubation tests. 
concentration of 20 ppm i n  the brine, also retarded 
soft, snowflake-like scale tha t  forms a t  e f f l uen t  br ine temperatures below 
100°C. However, i t  was apparent i n  a short  p lan t  t e s t  t ha t  scale 
reduction a t  125OC, and probably higher, would be minimal. 
appeared tha t  the polyoxyethylene may i t s e l f  deposit or tend t o  increase the 
volume o f  scale a t  the 125OC point  o f  measurement. This was a t t r ibu ted  t o  
the known 1 owered sol ubi 1 i ty o f  the polyoxyethylene polymer a t  higher 
 temperature^.^ The polyoxyethylene may s t i l l  be bound t o  the co l l o ida l  
s i l i ca ,  but i t s  diminished s o l u b i l i t y  may cause i t  t o  be incorporated as an 
inac t ive  agglomerate i n t o  the matr ix  of scale as it i s  formed. 

1 

I n  fact, it 

Another way of  viewing the f a i l u r e  o f  the polyoxyethylene t o  re ta rd  the 
formation o f  the higher temperature s i l i c a  scale i s  i n  terms o f  the current 
understanding o f  the s t e r i c  s t a b i l i z a t i o n  of co l l o ida l  
mechanism o f  the i n h i b i t i o n  o f  the p rec ip i t a t i on  o f  the s i l i c a  by the 
polyoxyethylene probably involves the adsorption of the polymer molecules on 

The 

the surfaces o f  the co l l o ida l  pa r t i c l es  t o  prevent o r  re ta rd  t h e i r  
ation. Our incubation tes ts  a t  90°C en ta i l  holding the super- 

ted br ine i n  an unstirred, stagnant condition. 

- 2- 
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.. Ideal ly ,  the s t a b i l i z i n g  molecules anchor themselves t o  the pa r t i c l es  i n  I 
1 

~ 

such a way t h a t  t h e i r  surfaces are covered w i th  a layer  t h a t  i s  compatible 
with, o r  soluble in, the dispersion medium. The pa r t i c l es  thus remain 
dispersed and 
geothermal b r i  
del i cate bal  an 
surfaces and w i th  the 

i 
f locculate. I n  the case of the co l l o ida l  s i l i c a  i n  

pa r t i c l es  themselves are hydrophil ic, thus there i s  a i 

t i o n  o f  the polymer w i th  the p a r t i c l e  . In the case of the potyoxyethylenes, 

e. This makes it vulnerable t o  d i s p l  acement f locculat ion ,It which i s  the 
s by Brownian-motion co1l is ions of the  

c 

anchoring and the s t a b i l i z i n g  ( so lub i l i z i ng )  moiety are one and the  

t 
dislodgement of 
pa r t i c l es  , 1 ead i on f l o c c u l a t i ~ n . ~  St i r r ing ,  or  the 
existence o f  so lu t ion  flow, increases the c o l l i s i o n  rate, the r a t e  o f  
f locculat ion,  and the r a t e  o f  sca l ing o f  an app r i ate surface. 

To obtain maximum c o l l o i d a l  s t  n the presence of 

so lu t ion  ve loc i t  o lecule i s  required tha t  has rongly  anchoring 
functional group i f i c  for  s i l i c a  gether w i th  a 
so lub i l i z i ng  mol in the h igh l y  s 
temperatures. l e t e l y  discounted the 
p o s s i b i l i t y  t h a t  an addi ve may be found tha t  cont 
s tab i  1 i z i  ng c o l  l o i  dal ca. But we have chosen the experimental route v i a  
the p rec ip i t a t i on  tes ts  as being the one most l i k e l y  t o  lead t o  the most 

It should be noted t h a t  we ha 
seal e w i thout 

compounds were se l  

on i um compounds, have 

* 

* 
c addi t ives and the 
as a poss ib i l i t y .  



Table 1. Organic Compounds Tested as 
of S i l i c a  from Hypersalin 

Manufacturer 

Ethoquad 18/25 Armak Chemicals Methyl -pol yoxyet hyl ene ( 15) octadecyl m o n  i urn 
ch 1 or i de 

Hyamine 1622 Rohm and Haas 

Q-C- 50b Tomah Products 

Variquat K-1215 Sherex Chemical 

Varstat 66 Sherex Chemical 

Hipochem ADN High P o i n t  Chemical 
t 
P 
I 

Quat 188 Dow chemical 

Emcol CC-36 Witco Chemical 

Other Ethoxyl ated Compounds: 

International 

rmak Chemical s 

BASF - Wyandotte 

Jeffox FF-200 Jefferson Chemical 

I L 

D i - i so bu t y  1 - p h enoxye t h oxye t hy 1 - dime t hy 1 
benzyl -ammoni urn chl or i de 

sulfate 

N-( 3-chloro-Z-hydroxypropyl ) trimethyl ammonium 
chloride 
Methyl -d i  ethyl - pol yoxypropyl ene ammoni um 
chloride, M.W. = 1600 

Po 1 yoxye t hy 1 ene- po 1 yoxypr opy 1 ene b 1 oc k cop0 1 ym 

Polyoxyethylene-pol yoxypropylene random copolymer 

. . (I 



Table 1. (Continued) 

Trade Name Manufacturer Chemical Name and Other Characteristics 

Si 1 anes: 

a Number in parentheses denotes the number of moles of ethylene oxide per molecule of compound. 
Experimental chemical; not commercially available in large quantities. 



uaternary ammonium ave the generalized s t ructure 

i 

R's are various org ups, and X' i s  the c 
chloride). I n  f i v e  uaternary amnonium c 

ethyl, and two of 
approximately equal-1 ength olyoxyethylene. Th 

t y  acid; since it i 
cule. The hydroc 
(derived from stear ic  acid, a 

i c  acid (12-carb 

), one o f  the 

chain derived 

urated f a t t y  acid). The 4 k ~  onium" compounds are derived f rom 
coconut o i l ,  which i s  pred 
saturated f a t t y  acid. The "tallow-amnonium" compounds invo l  
(18-carbon) unsaturated f a t t y  acid. 

The structures o f  the other quaternary amnonium compounds are 
considerably d i f f e ren t  . Quat 188 i s  

+ [ C1 -CH2-CH-CH2-N-CH3 (IH ; ] CL- 



f Emcol CC-36 i s  

e 

- polyoxyethylene, ' 

po l  yoxypropyl ene cha 

1 content and are re la ted  i n  various ways t o  those previously tested. 
Carbowax 14,000 was again tested. 
containing 200 moles o f  ethylene oxide. 

i p a l  2OOC i s  a f a t t y  acid der ivat ive 
Ethomeen 18/25 i s  the t e r t i a r y  

amine analog o f  Etho d 18/25 and i s  very s imi la r  t o  the Ethomeen C/25 
tested previously6 w 
p rec ip i t a t i on  i nh ib i t o r .  The compound CMHEC-420L i s  s im i la r  t o  the 

the low molecular 

a c i d i f i e d  br ine  and found t o  be a 

the former being 
ffox FF-200 are both 

polyoxypropyl ene on chains o f  the L ipa l  200C and 
- Ethomeen 18/25, and hydrophobic, t h  

b inat ion resu l t s  i n  a s -act ive compound. 

E 40% ethy l  ene ox i de, Jef 

d i f f e r  p r  i nc i pal  1 y beca t ron i c  1504 contains large, continuous blocks 
Jeffox FF-200, the ethylene oxide i s  randomly 



ed (Table 1) comprise 

ound, the surface "silanited" by such a reacti 
phobic. The first four of the silanes list 

en because they have hydrophilic, water-soluble fun 
silica, they could thu 

d from Dow Corning, h 
chor bond and the 

her new classes of compounds were tested and the 

, they differ in containing considerable 

polyethyloxatal i ne, composed of units of 

-4$H CH N t  

c=o 21 
CH2CH3 I 

-8- 



Experiment a1 Technique 

The addit ives wer 
and technique describ 
separated, 2lOoC b r in  

measured by anaerobic incubation o f  
suspended so l ids were measured by f 

using the apparatus 
in jected i n t o  the 

o l l e c t i o n  a t  the atmospheric-flash 
f 105OC, the k i n e t i c s  o f  the prec ip i ta t ion  o f  s i l i c a  were 

br ine  a t  90°C. As before, the 
t i o n  and the s i l i c a  remaining i n  

- so lu t ion was measured by atomic absorption spectrophotometry a t  0.5-, 1-, 
and occasional ly 2-hour in te rva ls  a f t e r  col lect ion.  

Measurement o f  the monomeric s i l i c a  i n  the br ine a t  various points o f  
the Br ine Treatment Test System was performed by means o f  a Beckman Model DB 
spectrophotometer 

Results and Discussion 

The ranges of the character is t ics  o the br ine during the experiments 
were as fol lows (e f f luen t  brine, f lashe t o  atmospheric pressure) : 

Chloride concentration: 3.5 - 3.9 M o l / l i t e r  

a t  25OC: 1.146 - 1.157 g/cm 
Si02 Concentration: 443 - 486 mg/kg 

PH: 5.8 - 6.1 

LLL was again the sole user of the well, but  the br ine was somewhat more 
sa l ine than before.' 

the r e s u l t s  of o f  the suspended 
so l ids and s i l i c a  i n  the incubated b r i  ent with the various 
additives. Only t h  incubation data a ted f o r  brevity; 

hour. Also shown f o r  
t e s t  series during 







* 

t 

ganic addi t ives tested, those most e f f e c t i v e  a 
c i p i t a t i o n  were Ethoquad 18/25, Ethomeen 18/25, C 

u i t e  as wel l  as prev i  
P-200, Tomah Q-C-SO, and Hyamine 1622. Carbo 

perhaps because 
. I n  any event, i t  o t  as e f fec t i ve  as 

en 18/25. Corcat P-200, olyethylene imine, 
arbowax 14,000, and the data suggest t h a t  a s 
t polyethylene imine might show s t i l l  greater a c t i  

Ethomeen C/25 tested previously,lS6 together w i t h  

olyoxyethylene in te rac t  most s t rongly  w i th  the co l l o ida l  
ow c l e a r l y  tha t  nitrogen-based, ca t ion ic  s 

e super io r i t y  o f  the Ethoquad 18/25 compared t o  some o f  the 0 th  
ted i s  also i l l u s t  

i n  Tomah Q-C-50 
ed i n  Figures 1 and 2. 
ders it more e f fec t i ve  than t h  

-1215; perhaps a 50-mole Ethoquad analo 
more ef fect ive than Ethoquad 18/25. The high a c t i v i t y  o f  
i s  surpr is ing i n  view o f  i t s  minimal amount o f  the polyox 

amine 1622-electrolyte solut ions are among those known t o  exh ib i t  the 
9 omenon o f  coacervation. 

As described above, the quaternary ammonium compounds Quat 188 and Emcol 
CC-36 are s t r u c t u r a l l y  qu i te  d i f f e r e n t  from the other compounds i n  t h i s  
group. They do not contain polyoxyethylene, thus t h i s  may be the reason f o r  
t h e i r  lack o f  a c t i v i t y  as dispersants. However, l i k e  two other additives, 
A lka ter ic  E C I B  and Darex 41s, they appeared on the basis o f  the 3 
incubation measurements, t o  accelerate s l i g h t l y  -- rather  than re ta rd  -- 
p rec ip i t a t i on  rates. The p o s s i b i l i t y  t o  enhance p rec ip i t a t i on  always e x i  
with such substances tha t  i n te rac t  s t rongly  w i th  a co l l o ida l  s 

act i s  a source o f  concern i n  tes t i ng  o f  t h i s  sort. Pol 
nces, especia l ly  those o f  higher molecular weight and s i  
s between p a r t i c l e s  thus causing f locculat ion;  and t h i s  
r concentration range below t h a t  a t  which the polymer acts as a 

10 
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FIGURE 1 

INHIBITION OF FORMATION OF SUSPENDED SOLIDS FROM 
GEOTHERMAL BRINE BY ORGANIC ADDITIVES 
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NHJBITION OF PRECIPITATION OF SILICA FR GEOTHERMAL 
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. 
7 The lower molecular weight (60,000) polyethyloxazaline { XD-8779.00) also 

showed s l igh t  act ivi ty  as an i n h i b i t  
versions ( i n  the 
polyoxyethyl enes 

S t i l l  lower moleuclar weight 
,000 t o  20,000range found t o  be best for  the 
d polyethylene imines) would probably be b 

' 

o f  polymeric chains; this molecula s ize  seems t o  be an optimum 
f the colloidal s i l i c a  particles w i t h  which we are 

c 

The results for the other ethoxylated compounds also showed some 
interesting effects  of additive structure on activity.  The CMHEC-420L was 
no better than the corresponding higher molecular weight compounds tested 
previously.' However, both have anionic character, and the resu l t s  
obtained here fo r  the acrylate-type, carboxylate, 
additives, as well as m of the proprietary addi 
consistently shown tha t  ionic surfactants and PO very l i t t l e  

hese f ind ings  agree w i t h  a published 

' 

phosphate ester 

ipi ta t ion inhibitors. 
r b  on quartz f n  the 

range of 5 t o  8.5 

I t  is clear from 
results fo r  t ipa l  20 
hydrophobi c f rac t i on 

completely neut ra l i t  fox FF-200 is 
higher i n  polyoxyethyl ene (-75 
randomly distributed, which may diminish i ts  influence. Surfactant 

the same block mo 
fo r  a compound f 

,. 
measurable eff ec 
injected as methano 

more time, one experiment was performed i n  which silane 2-6020 was injected 



~ - -- 

no l i c  so lu t i o  
the normal poin 
and hence the 
e. However, we e 
he estimated perc 
the s i  1 ane was met 
e brine. S t i l l  there wa 
ne w i l l  be tested tha t  h 

r i n e  pH o f  -6. 

u t  o f  the f i r s t - s t  
d i t i o n  because the brine/steam two-phase 

steam flashed, t 

The ef fect  of the point  
Ethoquad 18/25 was also b r i e  igated and the resu l ts  are l i s t e d  i 

r a l l  , the r e s i  denc 
s -42 seconds, an n the second-stage sepa 

i s  -2.3 minutes. The data o f  T 3 show that, compared 
po in t  of addi t ion between the f i r s t  and second stages, ther  
i n  effect iveness o f  the i n h i b i t o r  wh 
separator, and possibly a s l i g h t  inc 
the f i rs t -s tage separator, although the l a t t e r  dif ferences 
usual measurement uncertaint ies. I n  
Ethoquad 18/25 i s  qu i te  res is tan t  t o  the temperature/time c 
f ron t  end of our system, and could be in jected there i 
system. 

To increase our understanding pf 
scal ing i n  our t e s t  f a c i l i t  
concentration o f  monomeric s i l i  
procedure used was based on tha 

co lor  o f  the s i l icomol 
ox id ize the ferrous i o  r i n e  and prevent red  

etermined by atomic ab 
silicomolybdate. The resul 

o t a l  concentration o f  
py i n  the usual manner. 

-16- 
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Table 3. Effect o f  Point of Addi t ion on the Performance 
o f  Ethoquad 18/25 as a Prec ip i ta t ion  

Inh ib i t o r .  Incubation of Ef f luent Brine a t  
OOC. Magmamax No. 1 Brine (3.8 M o l / l  Chloride) 

t 

Point  o f  Addit ion 

* Input  t o  Between I n  2nd Input t o  Between I n  2nd 
1s t  Stage 1s t  & 2nd Stage 1s t  Stage 1s t  & 2nd S t  age 
Separator Stages Separator Separator Stages Separator 

- > 
I ne u ba t ion  Concentration o f  Suspended Concentration o f  Si02 i n  

Time Solids i n  Ef f luen t  Brine, mg/kg F i l t e r e d  Ef f luen t  Brine, mg/kg 

0 0 0 481 481 481 

30 mine 45 45 43 454 444 

1 hr. 54 53 71 444 407 

2 hr. 77 90 422 389 

. 
. 

-1 7- 



Output of 2nd 

Total S i %  Monomer i c S i  4 
m g m  m m g  

455 388 

468 424 90 

468 333 71 



T Rather surprisingly, most of the silica appears to be still in the 
monomeric form even at the 125OC poi 
result i s  import 
chiefly *from mo 
additives that 

* 

5 

Based on the investigations carried out thus far, the leading candidate 
for the reduction of scaling from the hypersaline brine is Ethoquad 18/25, 
and it will soon be subjected to a complete scaling ate test by the 
techniques previously described.2 This compound has other potenti a1 
advantages as an antiscalant. At ambient temperatures it is a liquid which 
could be injected neat*; and it also may have some activity as a corrosion 
inhibitor, which should further reduce the scaling of corroding surfaces. 
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at ion,  and operation of  the Scale Control Tes 

i 
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