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POLYMERIC AND COMPOSITE MATERIALS FCR USE I N  SYSTEMS UTILIZING 
HOT, FLOWING GEOTHERMAL BRINE 

L. E. Lorensen, C. M. Walkup id dominated resources are many times m r e  p 

have recieved l i t t l e  attention u n t i l  recent 

., recognized problems of  corrosion and scaling. These pro 

Abstract 

Further progress i s  reported on a continuing experimental program 

are the most attractive from an 

To he lp  exploit hot liquid deposits, the Lawrence Livemre  Laboratory 
designed to  select high-performance polymeric materials for use i n  geothermal 

power plants. 

lined pipe were tested. 

PPS and H-Resin/carbon cloth were l i t t l e  changed except for some scaling. 

The fluorocarbons scaled least rapidly. A l l  blade type wear plates eroded, 

those based on Tefzel, PPQ and PPS the least. 

l i t t l e  affected by exposure. 

In field tes ts  12 nozzles, 27 wear plates and 2 types of polymer 

Nozzles made of Teflons TFE and PFA, Tefzel, Ryton 

ds. By allowing 

Fluorocarbon lined 

I n  laboratory tests samples were heated a t  250 and 300OC i n  brine. 

Several materials including fluoroca 

inked a1 i pha t ic ,  thermal 1 

n erosion tests, coatings 

tant; good adhesion w 

ymers survived for  periods UP to  1300 h. 

on epoxy resins and a fluorocarbon were most 

working w i t h  the 

rnateri a1 s technology 

In recognition o f  the growing energy shortage many relatively undeveloped 

b u t  potentially important sources of eneroy are being examined. . h n o  these f s  

geothermal energy. 

dry steam, as liquid dominated 

minated i f  they consist of dry h o t  rock close to magma extrusions. 
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b I 

approximating ambient condit ion 

f o r  test, 

be attached t o  the system 
the materials problems i n  a l l  designs have much i n  common. Materials w i l l  be 

required f o r  parts such as pipes, nozzles. turbines, heat exchangers, separators, 

tanks, valves, etc. o r  f o r  coatings f o r  such parts which can withstand the 

severe geothermal environment. 

being examined f o r  service under these conditions o f  thermal, physical and 

chemical stress. 

laboratory and f i e l d  test ing i n  which t h i s  i s  being 

I 

t h i s  t e s t  f a c i l i t y .  e x i b i l i t y  provided by 

independent control o f  each s 

cumbersome however, p a r t l y  du 

parts each time. Since press 

as very useful. Changing samples was 

need to descale holders and other Selected organic polymers and composites are 

This repor t  discusses progress on a continuing program o f  

Objectives o f .  the F i e l d  Test I n  the f i e l d  t e s t  prototype nozzles. wear blades (simulating turbine 

parts); polymer l i n e d  pipes, and special t e s t  coupons were exposed t o  actual 

geothermal wel l  flow. 

Testing was planned w i t  

I n  the laboratory tests, screening o f  candidate materials 

Results and Discussion s from Nozzle Exposures 

The April-May, 1975 F ie ld  Test 

materials used f o r  nozzle fabr ica t i  ther  passed the s t a t i c  
the second t e s t  a drum-like t e s t  chamber was f i t t e d  so t h a t  wel l  f low passed 

.* 
The t e s t  equipment and conditions were somewhat d i f f e r e n t  f o r  t h i s  t d 

% 

I 
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b Eighteen nozzles were tested. Well brine was delivered to  the t e s t  Niscroscopic examination of the scaled nozzles was done af ter  potting 

stations a t  about 240°C a t  pressures between 2.59 and 2.93 MPa. I t  was the bores, sectio re examined carefully as to  the 
expanded through the nozzles directly onto the blade type wear plates. We 

experienced premature breakage of six nozzles due to excessive pressure on 

physical characteristics 0 of l a y h  as a function 

of location i n  the 

the mounting flange coupled with vibration from well puls ing.  A new nozzle 

holder incorporating barrel support solved the problem, 

icularly i n  the exi t  end where it was heaviest. 

s were noted, but could not be unequivoc- 

Twelve nozzles were tested without breaking. Five failed from excessive 

successfully, Teflons TFE (in duplicate) and PFA. Tefzel (ethylene/ tetra- een i n  Fig. 2. This 

material based on H-Resin. oid appeared i n  the material 

robably developed as a result 

blister. I t  was contain Al-Si-I and Fe-Zn salts. p traces of scale (0.13 to  0.76 mn thick). The rateof  acquisition is shobm 

n Fig. 1. There is l i t t l e  evidence for a diminishing rate of scale buildup st series i t  was sttown that the surface 

e was fibrous i n  nature time despite a continually decreasing expansion ratio ( ra t io  of exi t  

to  throat area) due to scale accumulation. Rough est4mates of the 

ig. 4). They appeared t o  be Teflon (i.e. l n -  rods and hairs being 

fibers and of the scale 

tpectroseopy gave similar 

the fibers over that present 

t 

d 
company product na "*i i n  the adjacent scale 
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3 x 

s 

less  readily, and s i l i ca  is thoagh t  to be a binder in the inorganic scale 

matrix. 
a . Whether this was due to resin flow. In the second f ie ld  t e s t  a Teflon PFA nozzle and wear plate had collected throat had increased on1 

nozzle expansion t o  f i l  considerably less scale than did corresponding parts formed from Teflon TFE. 

In the third tes t ,  n o t  only did both types of nozzles scale faster, b u t  the 

same degree of difference failed to result here. Comparative data for  the 

development of scale on the two materials i n  the two tests i s  shown i n  Table 2. 

While the Teflon TFE scaled about three times as fas t  as did Teflon PFA i n  

the second tes t ,  here i t  scaled only one and one half times as f a s t  as  PFA. 

became scaled to about the ent, w i t h  the scale on the PFA nozzle 

OY nozzles coated with a Teflon FEP 

Several factors could have contributed to t h i s  difference. The nozzles 

i n  the third test were twice as long as those used i n  the second, gSving more 

time to deposit scale. However, more than length was involved for  a ccnnpart 

of scale thicknesses a t  points equidistant from the respective throats showed 

a greater scale thickness i n  the longer nozzle. The expansion rat io  (exit 

area: throat area) was a l m s t  -ice as  great i n  t h e  sec 

the third. This resulted in a fas ter  moving stagnant 1 

In the second t e s t  nozzles which could have swept away scale precursors, Finally, 

the faster moving exi t  streaa i n  the second test nozzles would have allowed fewer 

of the high solids cooling droplets t g  approach t h e  nozzle exi t  end walls. 

making scale deposition less. 

certain conditions. 

w i t h  fluorocarbon s 

sen because of demonstrated 
.b Several additional tests on fluorocarbon nozzles have been carried out. 

Eight to 1 expansion ratios were used. Acidification has been found to be a 
ade, made by machining a 

Y 

(. 

zles was allowed to W n g e  



directly upon blade edges, the blades being held parallel to center stream flow. 

The decrease i n  blade height was measured as a function of time. 
2) 

to be a complex phenomenon. 3) The data suggest that wear ra te  is greater 

Wear rate or erosion depth is not a linea 

1 

The influence of measurable if not controllable test variables a t  the lower pressure. Th i s  could be the result of less flaring or spreading 
was determined so that observed differences could be assigned w i t h  confidence 

to material characteristics alone. 
of particulate present i n  the center of the stream a t  lower pressure. 4) The 

Twenty-seven wear blades made of t e n  different materials were tested, 

with the erosion results plotted i n  Fig. 5. The results from those runs which 

were made i n  replicate were sufficiently close to suggest that a l is t ing i n  

order of decreasing erosion resistance might be done despite t h e  fact  that  

4 materials only single points were available. Such a l is t lng is shown i 

Table 3, along w i t h  measured Shore D and Barcol hardness values. Assuming 

that  t h i s  ordering of materials is approximately correct, neither of these 

different hardness measurements was able t o  predict e 

field. 

brine f m  depth 

The nozzle t o  blade diff icul t  t o  keep constant because 

of hardware considerations. I t  ranged between 2.5 a. To test the 

ffect  of this variable. spaci 25 and 5.1 QB as shown 

i n  Fig. 6. A single material. Ryton R-4 was used. Also shown is data taken 

a t  different times, with slightly thicker samples (0.85 vs 0.64 an) and a t  a 

lower pressure (2.07 MPa instead of the usual 2.76 HPa). 

The orif ice  woul 

he two pipes were 

w i t h  flow maintained fo 
b during cooling due 

The conclusfons a re  as  follows: 1 )  There would be essentially no effect 

of spacing i n  t h e  spacing range of 1.3 to  2.5 an where we normally worked. 

for another 21. 
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0.34 14Pa on thelowpressure side t o  look f o r  scaling. Only a very th in  incomplete 

l i n i n g  of black scale was present. Because o f  these promising results, we 

hope t o  continue test ing these fluorocarbon l i ned  pipes. 

Laboratory Tests 

m 

* 
loss o f  strength a t  tes 

Laboratory a c t i v i t i e s  are an essential par t  o f  the program designed t o  

select  optimum materials f o r  use i n  various geothermal applications. 

candidate materials were e i ther  fabricated using manufacturer's suggestions 

where available. or obtained d i rec t l y  from comnerical sources. 

New 

a steam boi ler .  

3 0 0 O C  f o r  extended periods w i th  weight loss and physical 'appearance being 

I n  Fig. 7 are shown resul ts from recent tests along w i th  some . monitored. 

gathered during the extension o f  tests reported ear 

f i e ld .  The te 

phenolic and Teflon TFE reported previously. I) 

Some tests were also carr ied ou t  a t  25OoC IS shown i n  Fig. 8. The 

J 

much bet te r  here. 
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Coatings tested included epoxy, epoxy/ phenol i c, epoxy/phenol i d s  i 1 icone, 

urethane, Parylene, polyimide, Teflon, ohosphoni tril i c  chloride, polyohenyl- 

quinoxaline, anodized aluminum and nickel coated aluminum as controls. The 

anodized coating was str ipped o f f ,  whi le the nickel remined intact .  O f  the 

polymeric coatings, Teflon Xylan 1010, an epoxy/phenolic/silicone, and an 

I 

2. Lyman Lorensen. 

ASME Symposium. 

wear on the kn i fe  edges. 

Poor adhesion t o  the aluminum wear blade undoubtedly was responsible 

for s t r ipp ing i n  some cases. A t  the blade edge where k ine t ic  energy i s  converted 

soften or degrade some coatings. 
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