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f compounds have been screened as ent i a1 scale cont ro l  

agents by examining t h e i r  e f f e c t  the p r e c i p i t a t i o n  o f  s i l i c a  from 

. 1 brine.. The substances were tested using the Lawrence 

. .  

Livermore Laboratory scale-control t e s t  system a t '  the  Niland, Cal i forn ia ,  

t e s t  s i te .  Solut ions of the  t e s t  su h jected i n t o  f low ing  - 

b r ine  at-200°C, the b r h e  was f l a s h  

o f  so l i ds  and ' s i l i c a  p r e c i p i t a t i o n  f rom'e f f luen t  b r i ne  held a t  90°C were 

t o  125OC, and then the k i n e t i c s  

Compounds tested include a va r ie t y  of ce l lu lose  der ivat ives,  . 

ethylene oxide polymers, several polyethoxylated surfactants, and a 

phosphonate. Th ethylene oxide moiety wa onfirmed as the  source o f  

hat  i n h i b i t  the p r e c i p i t a t i o n  o f  s i l i c a  a t  90°C, 

and the polyethylene g l y c o l s ' i n  the molecular 

10,000 t o  100,000 are the  'most e f fec t i ve .  

w i th  the most promising p r e c i p i t a t i o n  i n h i b i t  

f approximately 

sca l ing-  t e s t  
*.  

ed that, although it 

sca l ing  rate.  

i 
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Introduct i on 

nce late 1977, in a program aimed at finding 

alternative to the technique o f  brine cidification for ge 

control , the Lawrence tivermore Laborato 
a number of comnercial organic and inorganic chemical as inhibitors of 

silica precipitation and scaling. The first bench 

L 

s been screening and evaluating 

compounds containing the ethylene oxide moiety, -CH2-CH2-O-, 

tive in stabilizing colloidal silica in geotherma 

Sea Geothermal F i  pl ant-type test 

s were injected into flowing brine at wellhead 

 temperature^,^^^ one such ethoxylated compound a hydroxyethy 

emerged as the most powerful inhibitor of silica precipitation at 90°C; 

however, it failed to retard the formation of geothermal scales at test 

temperatures of 21OoC and 125Oce3 Also failing to exhibit inhibition 
of silica precipitation and showing only marginal promise as antiscalants 

were a series o f  compounds representing the state of art (Fall, 1978) in 

comnercial proprietary mixtures for scale control in boilers and other 

geothermal applications. 3 

The principal subject of the present report is an investigation 

activity toward geothermal silica of a variety of s 

compounds, the class of which only one member had b 

uted cel W o s e  

sted previously, 

, and a series of polyoxyethylene compounds. Several other chemicals of 
0 

I 
potential promise as antiscalants also have been tested. 

hoped to gain further knowledge concerning the speci 

collidal silica and the active compounds, and perhaps find a more effective 

inhibitor than the erstwhile leading candidate. 

In this work we 

interactions between 
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Experimental Technique 

The system constructed for 

tendency o f  treated brine in p 

Figure 1. In this apparatus the geothermal well is 

first passed through a C-E Natco 

type. The steam is disca 

and measuring the scaling 

periments is shown schematically in s 

r of the,centrifugal 

d and single-phase brine is obtained at nearly 

wellhead temperature and pressure. The brine is then divided into two 

nominally id sting o f  the scale control additives. 

The brine in each chan hed from -2OOOC temperature to 

125OC in flash v to an atmospheric receiver. The 

pressure at the e vessels is about 15 psig. Brine 

flow is maintain 

the pressure drop 

periodically. A 0,5-1.6% strength) ,is metered 

into the brine u equipped with pu ation dampeners, 

and this flow is moni red and maintained in the range o f  -02 to 0.04 gpm 

by means o f  Flow Technolog he additive .solution i s  

introduced in flowing brine through a c inch o.d. tube, 

approximately o f  the first te 

experimental run, all 

.O gpm ( -  1 lb/sec) by monitoring 

e that is cleaned n. H20) across an orifice p 

ine flow mete 

eratures, and flows 

ed and recorded 

b 

0 
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FIGURE 1 

Steam exhaust 

Wellhead ~ I 

I 

f 

Additive injection 

90 - l0O0C 

cl c c 



en t ra t i on  i s  determined by 

d i t i v e  so lut ion flows. This 

was measured by i g cesium ion  t racer  i n t o  t r i n e  i n  the s 
i. 

ium using atomic 

e concentrations 

values. The addi t ives were 

the high-tempe 

a f t e r  the seco 

because of steam loss. 

To t e s t  the k ine  o f  s i l i c a  i n  the presence of 

the various addi operated f rom Magmamax No. 1 well.  

nd pressures were 

200 d Addi t ive so lut ions w 

a t  l e a s t  4 hours i n  advance o f  use; they were 

outside temperature range of 5-3OoC dur ing the per iod o f  test ing.  Several 

addi t ives required dispersal  i n  a non-solvent such as isopropanol, methanol 

o r  acetone before d isso lut ion i n  water. Starpol 100 was f i r s t  dissolved i n  

b o i l i n g  water. 

Several con t ro l  runs wi thout addi t ive i n j e c t i o n  were ca r r i ed  out during 

the course o f  these experiments, bu t  i n  most cases both chan 

system were used simultaneously f o r  t ives. four additives, each 

or  each test, 

-hours p r  i o r  t o  

b r i n e  sampling, and t h  

in ta ined f o r  2-hours 
L 



The e f f e c t  o f  the addi t ives on the p r e c i p i t a t i o n  o f  s i l i c a  was measured The e f f e c t  o f  the addi t ives on the p r e c i p i t a t i o n  o f  s i l i c a  was measured 

as reported prev iously.' s 4  

the 125OC sampling ports. A 

was then placed i n  a i r - t i g h t  

b o t t  1 es incubated a t  90°C. A t  i n t e r v a l s  o f  30 m i  

sampling, the b o t t l e s  were opened and the contents f i  

f ine-poros i ty  glass crucibles.  The s i l i c a  remaining i n  the  f i l t r a t e  was 

measured by atomic absorption spectrophotometry using 

. 

ions. The co l lec ted  so l i ds  were dr ied  i n  a i r  a t  10 

a measure o f  the suspended so l ids  concentration o f  the  brine. Measurement 

e s i l i c a  i n  t h i s  manner has been shown t o  y i e l d  values f o  

concentration of s i l i c a  not re ta ined by the f i l t e r  (monomeric, polymeric, 

and pa r t i cu la tes  < 1  p m  i n  size). 

the b r ine  sampled a t  the e f f l u e n t  p o r t  was determined i n  samples imnediately 

The i n i t i a l  concentration o f  s i l i c a  i n  



the substances tested and t h e i r  s i e n t  cha rac te r i s t i cs  i s  

given i n  Table 1. The f i r s t  substance l is ted,  Natrosol 250LR, i s  the 

i compound tha t .  heretofore i n  our t e s t i n g  has been the most e f f e c t i v e  

f s i l i c a  p rec ip i t a t i on .  The other hydroxyethyl ce l l u lose  (HEC) 

compounds were selected t o  provide a range o f  molecular weights, i o n i c  

character, and molar subs t i t u t i on  (M.S.). The l a t t e r  parameter i s  the 

average number of moles of ethylene o de t h a t  are attached t o  each 

anhydroglucose u n i t  i n  the ce l l u lose  molecule. The low molecular weight HEC 

compounds comprise about 300 of these units. 

s l i g h t l y  anionic character 

i s  c a t i  because of i t s  

o f  mater ia ls  i n  Table 1 ar  

oxide (polyoxyethylene) polymers, selected on the basis o f  previous t e s t i n g  

which suggested t h a t  in teract ions w i t h  s i l i c a  der ive from the ethylene oxide 

other ce 11 ulose 

t ion,  but  are s i m i l a r  i n  some o f  t h e i  

ening) t o  the 

Four addi t i onal prop ures were a1 sted. 'As 
eported p r e v i o u ~ l y , ~  e i g h t  other p rop r ie ta ry  mixtures showed no a c t i v i t y  

l i c a  a t  90°C i n  t e s t s  s i m i l a r  t o  those we r e p o r t  here. 

x t  group o f  compounds include se 

l y  bench t e s t i  a c i d i f i e d  b r ine  t o  s t r  
t 

-7- 



. Organic and Inorganic Compounds Tested as Inh ib i t o rs  of the Prec ip i ta t ion o f  S i l i c a  
from Hypersaline Geothermal Brine. 

Mean 

Weight. 
Trade Name Manufacturer Molecular Other Characterist ics 

Hydroxyethyl Cel l  uloses: 
Natrosol 250LR Hercules 85,000 M.S.% 2.5, Nonioni 

Natrosol 250HR Hercules 1,000,000 M.S.= 2.5, Nonionic 
Cellosize QP-09-L Union Carbide 85,000 M.S. X 1.8, Nonionic 
Natrosol 180LR Hercules 85,000 M.S. * 1.8, Nonionic 

Natrosol 420H Hercules 1 ,000,000 M.S. w 4.2, Nonionic 
CMHEC-420H Hercules 85,000 f l e s -  fc 4.2, w i t h  carboxymethyl subs t i t u t i on  
Polymer JR-125 Union Carbide 100,000 (est.) b ine-subst i tu ted f o r  cat ion ic  character 

Ethylene Oxide Polyers: + POlyOX WSRN-80 Union Carbide 200,000 HO@H2CH2-Of,H . 

POlyOX WSRN-10 Union Carbide 100,000 U 

Carbowax 14,000 Union Carbide 14,000 
Carbowax 6,000 Union Carbide 6,000 

Carbowax 350 Union Carbide 350 

II 

I1 

Car6owax 1, 000 Union Carbide 1,000 

Other Cellulose Compounds: 

XD-8918.00 Dow Chemical 15,000 Hydroxyprupyl Methyl c e l l  u l  ose 
Tylose MHB ' American Hoechst High Methyl Hydroxyethyl Cellulose 
Marasperse N-3 American Can ? Modified Sodium Lignosulfonate 
Starpol 100 A. E. Staley ? Acryl amidomethyl -subs ti tuted Starch 

I I i' ' E 



Table 1. (Cont'dl 

Mean 

Weight 
Trade Name Manufacturer Molecular Other Characteristics 

Proprietary Mixtures: 

Geomate 259 Dearborn - mal applications 
XFS-43075 Dow Chemical - A n t i  scal a n t  

visco 3744 Nalco - Low M.W. acrylate  + noni 
Polysperse P l u s  Betz - 

Other Organ1 

Ethomeen C/25 Arma k 860 Pol yoxye thy1 ene ( I 5 cocoami nea ' 

Ethomeen 18/60 Arma k 2400 ethyl ene (50) oc tadecy 
rD I Surfactant AR-150 Hercules ? ethylene glycol es te r  

Surfynol 485 Air Products Q, 1500 Polyoxethyl ene(30) acetyl eni 
Tween 20 IC1 America 'L 2000 ethylene(20) I.. sorbitan 
Zonyl FSN DuPont ? ated nonionic 
Zonyl FSB DuPont ? F1 uori nated amphoteric surfactant 
Conco NI-125 Continental Chemical 'L 9000 Polyoxyethylene( 200) nonyl phenol 
Pluronic F38 BASF- Wyando t t e  'L 5000 Polyoxyethyl ene polyoxypropylene copolymer 
Dequest 2060 Monsanto 525 Diethyl ene tri ami ne pentame thy1 en 

' 

. 

I 

phosphonic acid 

Inorganic Compounds: 

136 KH2P04 Potassium D i  hydrogen 
Phosphate 

A1 umi num Chloride 133 AlC13 - 

aNumber i n  parentheses denotes the number o f  moles o f  ethylene oxide per molecule o f  compound. 



Like the Carbowaxes they are medium we ght molecules r i c h  i n  ethylene oxide, 

but un l ike the Carbowaxes they have both a hydrophil ic (ethylene oxide) and 

a hydrophobic ( l i poph i l i c )  portion, thus ve considerable s 

character. The other surf actants tested xcept far the Eth 

contain r e l a t i v e l y  l i t t l e  ethylene oxide, and the HEC compounds are only 

weakly surface active. 

The phosphonate Dequest 2060, was also tested. It has met wi th  some 

success i n  the abatement o f  calc i te- type geothermal scales. 5 

A1 so tested were two inorganic compounds, potassium d i  hydrogen 

phosphate, which previously exhibited a c t i v i t y  ,' and a1 umi num chloride. 

Aluminum ion was tested because o f  i t s  known strong in teract ion wi th  s i l c a  

species under cer ta in  conditions. 6 



- 

Results and Disco 

To permit de ta i l ed  i n te rco  t s  for  d i f ferent  

additives, a l l  o f  the k i n e t i c s  present work were ca r r i ed  

out under near ly  constant b r i ne  chemistry conditions. This was accompllshed 

by scheduling the experiments during the periods when LLL was the sole user 

o f  Magmamax No. 1 wel l :  July, 1978, and February-March, 1979. The ranges 

b 

o f  b r i n e  charac i s t i c s  during .these tes ts  

f lashed t o  atmospheric pressure) : 

Chloride Concentration: 3.4 t o  3.7 M o l / l i t e r  
pH : 5.8 t o  6.0 

r Density a t  25OC : 1.135 t o  1.145 g/cm3 

Si02 Concentration :. 450 t o  500 mg/kg 

i n g  each o f  the two t e s t  per-iods, the ranges were s t i l l  more narrow. 

tes ts  w i th  untreated b r ine  also were 

serve as a basel ine f o r  comparison w i t h  the addi t ive tests. 

Table 2 sumnarires the r e s u l t s  o f  the measurements of the suspended 

so l i ds  and s i l i c a  i n  the incubated br ines a f t e r  treatment with the various 

ce l l u lose  compound and ethylene oxide polymer experiments, the general 

e f i r s t  a t  a concentrat ion o f  40 ppm cedure was t 
I 

i f  a c t i v i t y  was exhibited, move t o  the lower c 

centrat ion o f  40 ppm i s  higher than the econ 

We assumed t h a t  i f  no s t a b i l i z a t i o n  o f  the c o l l o i d a l  s i l i c a  was observed a t  

40 ppm, there could be no improvement a t  lower concentrations. 

ent rat ions*  A con- 

l i m i t  for  most addi t ives* 
'. 



Table 2. Concentrations of Suspended Solids i n  Brine and Percentage 
of Si l ica  Retained i n  F i l t r a t e  after Incubation for 1-hour 
a t  90°C. Magmamax No. 1 ine (3.4-3.7 Mol/l chloride). 
(Concentration of addi t i  

- 

Concentration of 
Additive Suspended Sol i d s  Retained, X .c 

Control, no additive: 
257 38 47 5 4 

Hydroxye thy1 Cell u l  oses : 40 ppm !uIx 20 ppm 

EJatrosol 250 LR a 86- 88 
Natrosol 250HR 122 69 
Cell osi ze QP-09-L 163 169 70 69 
Natrosol 180LR 1 58 142 72 74 
Na trosol 420H 190 ~ . 65 
CMHEC-4EOH 170 138 76 68 
Pol mer JR- 125 120 125 85 68 

Ethylene Oxide Polymers: 40 ppm z!uE!l !u?F! ?u?!?l 
POlyOX WSRN-80 244 252 50 50 
POlyOX WSRN-10 62 73 78 79 
Carbowax 14,000 38 31 89 95 
Carbowax 6,000 69 84 
Carbowax 1,000 179 66 
Carbowax 350 200 62 

Other Cellulose Compounds: BUe!! 20 ppm wz!?! EuE?!?l 
XD-8918.00 257 229 ’ 49 50 
Tylose MHB 21 4 50 
Marasperse N-3 21 9 
Starpol 100 268 46 

a Solution not filterable. 

-1 2- 



n . 

Additive S i l i c a  Retained, 9: 
r 

Proprietary Mixtures: , 40 ppm 20 ppm 

Table 2. (Cont 'd l  

. Geomate 259 21 1 ~ 45 
XFS-43075 251 46 
Polysperse P1 us 48 
Visco 3744 

Other Organic Compounds: 

Surfactant AR-150 

x 

'1 

a Data from reference 4. 

-1 3- 



A number of i n te res t i ng  trends are revealed by the data o f  Table 2. 

there i s  a c lear  i nd i ca t i on  t h  the ethylene oxide moiety does lend 

t y  t o  a molecule i n  i n te rac t i ng  w i th  c o l l o i d a l  s i l i c a .  The 

the "concentration" and molecular weight o f  ethylene oxide i n  the 

the more e f f e c t i v e l y  it retards the prec ip i ta t ion.  This i s  borne out by the 

r' 

indings t h a t  (a) the ethylene oxide polymers, i n  the optimum molecular 

weight range, especia l ly  the Carbowax 14,000, are the most potent 

i nh ib i t o rs ;  (b) substances with l i t t l e  o r  no ethylene oxide, such as the 

other ce l lu lose compounds, have no ac t i v i t y ;  and (c)  increasing the am 

o f  ethylene oxide ( increasing M.S. value) i n  the HEC compounds (cf.  

Natrosol 250LR vs. 180LR) increases t h e i r  effect iveness as i nh ib i t o rs .  

Comparison o f  the r e s u l t s  f o r  Conco NI-125 and Pluronic F38 with thos 

Carbowax 6000 (where there are approximately equal amounts o f  ethylene oxide 

i n  the three compounds) ind icates t h a t  the Carbowax i s  superior. However, 

a l l  three compounds have a high h y d r o p h i l i c / l i p o p h i l i c  balance, thus t h i s  

may not be a very d e f i n i t i v e  t e s t  o f  sur factant  vs. non-surfactant a c t i v i t y .  

Secondly, i n  compounds t h a t  contain ethylene oxide, molecular weight (o r  

size) appears t o  be c r i t i c a l .  

polyethylene glycol,  Carbowax 350, had no ef fect ;  i n  previous work 

I n  t h i s  work, the low molecular weight 
1 

s im i la r  g lyco ls  had the e f f e c t  o f  f l o c c u l a t i n g  agents. As the molecular 

weight o f  the Carbowax increases, i t s  i n h i b i t o r  a c t i v i t y  increases. The 

higher molecular weight Ethomeens are the most e f fect ive;  however, by the 

same token Surfynol 485 should have been more potent. Too h igh a molecular 
s 

weight, > - 200,000, reduces i n h i b i t o r  action, as indicated by the diminished - - 
a c t i v i t y  o f  the Polyox WSRN-80 i n  the ethylene oxide polymer ser ies and by 

the lessened a c t i v i t y  o f  the h igh molecular weight HEC compounds. 

-1 4- 



- 
tested a t  both 20 and 40 ppm concentrations, i n  

most cases there was l i t t l e  d i f f  

250LR and Carbowax 14,000, the two best additives, the lower concentration 

ac tua l l y  improved t h e i r  response. Polymer JR-125 approached these two i n  

ef fect iveness a t  40 ppm. For Carbowax 14,000, concentrations o f  10 and 5 

for  both Natrosol 

i- 

ppm were a lso investigated, and these data are given i n  Table 3. Here it 

appears t h a t  there i s  very l i t t l e  decrease i n  a c t i v i t y  

concentration i s  less than 10 

t i  1 the Carbowax 

The phosphonate addi t ive,  Dequest 2060, showed an intermediate a c t i v i t y  

toward s i l i c a ;  it may have an advantage f o r  use i n  these br ines because it 

i s  also known t o  i n h i b i t  the p r e c i p i t a t i o n  o f  barium s u l f a  

The aluminum ch lo r ide  showed a s l i g h t  i nh ib i t i on ,  but  ne i ther  KH2P04 

nor any o f  the propr ie ta ry  add i t i ve  mixtures had a s i g n i f i c a n t  e f f e c t  on the  

prec i p i t a t  ion  o f  s i  1 i ca. 

I n  reviewing these data, it must be pointed out  t h a t  the br ine  used t o  

perform these experiments does no t  p r e c i p i t a t e  s i l i c a  as r a p i d l y  as t h a t  

obtained a t  f u l l  flow of the Magmamax No. 1 w e l l .  A t  f u l l  flow, the 

dissolved so l i ds  (and s i l i c a )  concentrations are higher and t h i s  accelerates 

the r a t e  o f  p rec ip i ta t ion .  This i s  also t r u e  o f  the Woolsey No. 1 well, 

which w i l l  be discussed below, and probably other we l ls  of the  Salton Sea 

Geothermal Field.  Nevertheless, although t h i s  Magmamax No. 1 br ine  was less 

severe, t he  intercompar ison 

general ly va l id .  

add i t i ve  e f f e c t s  are bel ieved t o  be 

It i s  i n t e r e s t i  he e f f e c t  o f  the most potent addi t ive,  
w Carbowax 14,000, 

values. A t  the d data obtained i n  e a r l i e r  

experiments w i t h  comparable brine. 

10-20 ppm Carbowax 14,000 would be equivalent t o  a c f d i f i c a t i o n  t o  pH e4.8.  

a c i d i f i c a t i o n  o f  the b r ine  t o  lower pH 

4 It i s  estimated t h a t  the add i t ion  o f  

-1 5- 



Table 3. Effect o f  Concentration o f  Carbowax 14,000 on the Precipitation 
of Solids and Si l ica  from Geothermal Brine a t  90°C. Magmamax 

- 
No. 1 Brine (3.4-3.7 Mol/l chloride). 

. 

Concentration of Concentration of 
Si0 i n  Filtrate, mg/kg -2 Suspended Sol ids, ms/ kg 

Time 0 ppm 5 ppm 10 pprn 20 ppm 40 ppm 0 ppm 5 Ppm 10 PPm 20 Ppm 40 PPm - 
0 0 0 

30 min. 218 78 

1 hr. 252 109 

2 hr. 266 

0 

43 

49 

145 

0 

27 

31 

0 474 469 460 

28 281 431 442 

38 21 5 41 2 421 436 

21 5 347 

475 

436 

423 



- 
,. '. 

e s t  the  effectiveness of Carb ,000,as an ant iscalant,  a b r i e f  

(21-hour) experiment was ca r r i ed  but  

which the add i t i ve  was in jec ted  a t  a 

specimens were exposed t o  the br ines t o  measure the scal ing rates. The 

system was operated w i th  untreated br ine  i n  the  second channel. For t h i s  

0 ppm and various 
k 

I. 

stage was added t o  the system 

sca l ing  r a t e  of t h i s  b r i ne  was several times greater than tha t  o f  the 

125OC b r ine  and it was hoped t h a t  t h i s  would provide a d e f i n i t i v e  

evaluat ion o f  the b r ine  treatment i n  t h i s  short  durat ion test .  

To measure the scal ing ra tes  o f  the br ine  a 125OC, the  b r ine  

flowed through a perforated 

and f l a t  m i l d  s tee l  coupons were placed i n  the dra in  from the second-stage 

separator. Coupons were a1 placed i n  the  90°C t h i r d  stage e f f luen t ,  and 

t h i s  b r i ne  was flowed throu sections o f  1/2 and 1/4-inch tubing. 

sk contained i n  a M i l l i p o r e  f i l t e r  holder,3 

' 1  

For the scal ing test ,  the system was operated w i th  f l u i d  from Woolsey 

No. 1 well. The Well was simultaneously being flowed by the San Diego Gas 

and E l e c t r i c  Company, and it produced considerably stronger b r i ne  than t h a t  

used f o r  the p r e c i p i t a t i o n  tests.  

were 4.13 Mol / l  and 

concentrat ion was 5 

I t s  ch lo r ide  concentration and densi ty  

spectively, and i t s  s i l i c a  (S iO2)  

mg/kg. During the scal ing t e s t  run, samples o f  

- - 125OC e f f l u e n t  b r  ere co l lec ted  and analyz by the standard 

ubat i on procedur add i t i ve  i n  Woolsey 
* 

br ine.  These resu l  t h a t  the  untreated Woolsey 

b r ine  p rec ip i t a tes  s i l i c a  much more r a p i d l y  than the "weak" Magmamax b r ine  

-0 p r i m a r i l y  because o f  i t s  higher s a l i n i t y ,  bu t  also because o f  i t s  higher 



# 

. 
Table 4. Effect o f  Carbowax 14,000 on the Precipitation of Solids and 

I 
Sil ica  from Geothermal Brine a t  90°C. . Woolsey No. 1 Brine 
(4.1 Mol/l chloride). 20 p 

- 
Concentration of  

Suspended Sol ids  , mg/ kg Si l ica ,  mg/kg 

- Time Untreated Br i ne Treated Br i ne Treated Brine 

0 0 0 51 3 

15 min. 258 37 262 467 

30 min. 285 70 21 1 41 4 

1 hr. 296 87 201 328 

2 hr .  305 192 

4 hr. 327 192 

8 h r .  363 163 

24 hr. 380 147 

- 
w 

-18- 



I 

f, 

. At 30 min., 60% of the original silica 

rine compared to about 40% from Magmamax brine. 

an inhibitor in Woolsey brine than in the 
m. 

Magmamax.brine -- 64% silica retained vs. 95% for, the 1 hour incubation -- 
? but it stil1,d significantly retard the precipitatlon. 

In this scaling experiment the apparent corrosion rates of A I S 1  1018 

mild steel also were measure 0th the treat nd untreated brine using 

the Petrolite Instruments C 

equipment. 

inear polarization resistance (LPR) 

Probes were located in both the high temperaure (188OC for 

re 1). Observed 

Treated brine 

As was found .previousl.y in the proprietary-additive tests,3 the 

erved corrosion rate erature, probably 

he dtffering nature of the protective surface films. 



I n  the scal ing r a t e  measurements it was found t h a t  there was a 

s i g n i f i c a n t  ( f ac to r  o f  2-3) reduct ion i n  the sc 

l /$- inch tub ing exposed t o  the 90°C e f f l u e n t  b r  

n o f  20 ppm o f  the Carbowax 14,000. The 

c reduct ion o f  scale i n  the cont ro l  va lv  

However, a t  125OC, both the s tee l  coupons and t 

increased amounts o f  scale compared t o  the amounts on the specimens i n  the 

untreated brine. The r e p r o d u c i b i l i t y  o f  t h i s  m o t  accurately 

known, but in 'any  case it i s  ce r ta in  t h a t  there s no bene f i c ia l  e f f e c t  a t  

125OC. It must ther  

- .. 

* 

r e  be concluded t h a t  t h i s  add i t i ve  was 

i ve   at t h i s  temperature. 

The reduct ion o f  the accumulation o f  scale from the "aged," 90°C br ine  

confirms t h a t  there i s  a correspondence between actual  sca l ing behavior and 

p r e c i p i t a t i o n  t e s t s  performed a t  the same temperature. The f a i l u r e  o f  the 

add i t i ve  a t  125OC, on the other hand, i l l u s t r a t e s  the r i s k  i n  ext rapolat ing 

the lower temperature resul ts .  I n  our previous the  p r  

t es ts  a t  90°C pointed up Natrosol 250LR as a promising scale cont ro l  

additive, but  it too f a i l e d  t o  re ta rd  sca l ing  a t  higher  temperature^.^ 
Many o f  the compounds t h a t  we have tested have been used i n  other 

appl icat ions as pro tec t ing  agents t o  s t a b i l i z e  c o l l o i d a l  systems (although 

not  f o r  s i l i c a ) .  

t o  the adsorption o f  the polymers i n  the  form o f  loops on the  surfaces o f  

the p r e c i p i t a t i n g  par t i c les ,  thus s t e r i c a l l y  preventing the p a r t i c l e s  from 

coming s u f f i c i e n t l y  c lose for  the London-van der Waals a t t r a c t i v e  forces t o  

lead t o  f l o c ~ u l a t i o n . ~  Our observation t h a t  concentrations of add i t i ve  " 

I n  those appl icat ions,  s t a b i l i z a t i o n  i s  usua l ly  a t t r i b u t e d  

7 

higher than 20 ppm leads t o  l i t t l e  improvement i n  the s t a b i l i z a t i o n  o f  the 

s i l i c a  suggests t h a t  the p a r t i c l e s  are tkompletely" covered a t  t h i s  

concentration. 

-20- 



, 
-* 

The failure of the additives tested t 

temperatures probably is a result of their diminished water solubility as 

the temperature i ncreased. The 1 1 ul ose der ivat i ves 

characteris t icall  

d 
is." 

c ave an t'nverse solubili  

- c t i b n  takes pt  

asing amounts 'of dissolved 

variety of nonionic surfactants7-' and unpublished allo that the 

cloud points  of the additives which we tested are i n  the range of 50 t o  

somewhat greater than 100°C, Thus a t  the 125OC temperature, where much 

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

additive i n  true solution t o  react w i t h  the colloidal si l ica.  In the case 

of Natrosol 250LR, this may be the reason why very l i t t l e  scale abatement 

was observed. 

there also was apparently an increase i n  scaling rate a t  125OC, the 

reduced solubility could have led t o  b r idg ing  of the polymers between 

particles and an enchancement o f  floccul 

the precipitation of the additive i tself  

provide additional nucl i for precipitation of the si l ica.  Further 

investigation of these deas is i n  progress. 

In the case of the Carbowax 14,000 'and the Ethomeens, where 

Another posslbi 

d form a pseudo-scale or 

- - 

- 

-21 - 
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