
Sh. Mohammadi, K.S. Sorbie, L.S. Boak, Kh. Jarrahian, E.J. Mackay

Heriot-Watt University

Silicate Scale Prevention in Geothermal Brine Systems: Comparing 

the Mechanism and Performance of Two Polymer-Based Inhibitors  

sm2219@hw.ac.uk

TEST CONDITIONS

Mg:Si Mix Concentrations (ppm) 60ppm:940ppm

Mg:Si Mix Ratio 50:50

pH 8.5

T 60ºC and 95ºC 

Overall Test Volume 100ml

Quench Solution 1%EDTA/ 1%NaOH

INHIBITION EFFICIENCY TEST PROCEDURE

300ml MB/SI  

600ml Mixed 

Brine  

300ml SB  

Full volume pH 

adjustment

MB/SI brines to be 

mixed before mixing 

with SB

pH 8.5  
Filtering before ICP 

sampling

x10 Si and Mg analysis

x2 S analysis

Volumes for Hyamine 

analysis

60ºC/ 95ºC  

6 x 100ml MB:SB/SI 

2hrs 22hrs 3days

MATRIX MATCHED HYAMINE TEST
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Take required volume from remaining filtered test solutions.  

Pipette into appropriate volume of 1% EDTA/ 1% NaOH. From 100ppm active SI
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Curves
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•  Prepare 1,000ppm active SI stocks in 1% 

EDTA/NaOH, SOLUTION A and 

SOLUTION B

• Dilute to 100ppm active SI

• Prepare standard solutions

SOLUTION A, x2: 

50% 1% EDTA/NaOH, 25% MB and 25% SB 

SOLUTION B, x10: 

90% 1% EDTA/NaOH, 5% MB and 5% SB Measure the absorbance 

Step 1

Step 2

Record absorbance values and input data 

into appropriate previously constructed 

matrix matched calibration graphs and 

determine SI B/A5 concentration in each 

test solution

BACKGROUND 

OBJECTIVE

METHODOLOGY

RESULTS

• Geothermal power plants - 

energy extraction operational 

problem - silica scaling

• This research - established static 

bottle test methodology, to 

identify efficient scale inhibitors 

/dispersants with high inhibition 

performance of 80-90% for low 

(≤ 95ºC) enthalpy geothermal 

heat recovery systems.

• Investigated two sulphonated 

polymer products to control 

amorphous silicate and 

magnesium silicate scales - 

denoted SI B and A5. 

• Studied inhibition efficiency (IE) 

and inhibition mechanism.

• Scale inhibitor concentrations of 

20-200ppm, A5 and SI B were 

examined for IE performance. 

• Inhibition mechanism evaluation 

by two methods:

➢  Determining the sulphur (S) 

concentration contained 

within the A5 and SI B 

structure by Inductively 

Coupled Plasma - Optical 

Emission Spectrometer  

(ICP-OES). 

➢  Detecting the functional 

groups of the polymer by the 

matrix - matched Hyamine  

method.

• The novelty of this research: 

➢ Reporting silica inhibition data 

relating to polymeric SI B.

➢ Monitoring the specific A5 

and SI B scale inhibitors, by 

ICP-OES and Hyamine 

techniques to give insights on 

the inhibition - performance 

and mechanisms.

SI B 60°C

• At ≥50ppm, SI B shows ~90% IE at 22hrs & 3 days. 

• At concentrations ≥50ppm, SI B is inhibiting the silicate scaling well. So, less polymer and 

less sulphur consumption observed.

SI B 95°C

• ≥ 50ppm SI B is effectively controlling silicate scale formation. Also, it is effective to a similar 

level at all sampling times.

• When SI B is unable to protect against silicate scaling (20ppm), its consumption is highest.

A5 60°C

• At ≥ 50ppm, A5 is dispersing silica solids well.

• At ≥50ppm, inhibitor is effective at preventing deposition (IE of ~ 80-90%). So, little sulphur 

decline and polymer consumption >50% observed. 

A5 95°C

• At ≥ 100ppm, reliable Si inhibition efficiencies are observed. However, A5 does not perform 

actively to control magnesium scale.

• When A5 is unable at controlling scale (20-50ppm), there is a significant consumption of that.
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Conclusions
• The Hyamine technique was selected as the more robust method for determining the SI consumption, as it monitors higher proportion of polymer as functional groups. 

• At 60oC and 95oC, an MIC of ~50ppm SI B was identified to control amorphous silicate scale and magnesium silicate scale with 60-90% IE & 40-60% polymer     

consumption over 3 days.

• For A5 at 60ºC, ≥ 50ppm records 80-90% IE with 40-50% polymer consumption. However, at 95ºC, ≥ 100ppm A5 gives 80% IE and ~40% consumption over 3 days.

• SI B is the more effective SI under the tested conditions.
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