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LABOI\ATOII.Y WEATBERING OF WATER-REPELLENT WAX-TREATED SOIL 

by 

Dwayne H. Fink 

INTRODUCTION 

Standard paraffin wax shows promise as a soil treatment for water harvesting. Two small water
harvesting field teat plots made water repellent with paraffin wax have yielded more than 90% runoff 
from precipitation for 4 years (Fink et al., 1973). Alden and Springfield (1975) used microcatchments 
treated with paraffin to supply the water for establishing vegetation on mine spoils. Livestock on the 
rangelands of the Arizona strip are drinking water collected from paraffin-treated catchments (Cooley 
et al., 1976). 

Unfortunately, the paraffin treatment is not always successful. Fink and Mitchell (1975) reported 
on a field test plot treated with wax that failed within 6 months. Results of their laboratory studies 
indicated that failure of paraffin treatments from freeze-thaw cycling depends strongly on soil type. 
The number of freeze-thaw cycles required to effect treatment failure ranged from zero on a clay soil 
to 425 cycles on a silt loam. They found, however, that weatherability was not directly related to 
texture alone; a sandy soil withstood fewer than 125 cycles. 

The ultimate objective is to be able to predict the performance of various water repellents and 
prescribe specific chemicals and/or application techniques based on only certain elementary information 
about the potential site. It is physically and economically impossible to field test all of the numer
ous potential repellents at various application rates and techniques in different climates and on 
different soil types. Various laboratory tests have been developed (Hillel, 1967; Myers and Frasier, 
1969; and Fink, 1976) that (1} include all the major potential causes of water-repellent treatment 
failure; (2) are quickly and easily run; and (3) markedly accelerate natural weathering. The objectives 
of this study were to evaluate, in the laboratory, the weathering resistance againSt freeze-thaw 
cycling, concentrated ozone, and ultraviolet radiation of soil treated with several of the n-paraffins 
of increasing average melting point (AMP) and with several of the cheaper slack waxes. 

METHODS AND MATERIALS 

The laboratory procedures and tests used here have been described (Fink, 1976). For this study, 
a loamy sand soil (< 2 mm) was packed wet in 9-cm petri dishes, air dried, then treated with wax at 
rates of 0.5, 0. 75, and 1.00 kg/m2. Five n-paraffins, which ranged in average melting point (AMP) from 
kerosene (liquid at normal field and laboratory temperatures) to 16D-165 AMP, and four slack waxes of 
various composition., characteristics, and origin were tested. Treatment materials and rates are listed 
in Table 1. Treatments were then subjected to accelerated weathering by either (1) freeze-thaw cycling, 
(2) concentrated ozot~e, or (3) ultraviolet radiation. Tbe samples were evaluated periodically for water 
repellency and soil structural stability. Figure 1 is a flow diagram of the weathering-testing 
sequence. 

Prior to weathering, the treated samples were checked for water repellency using the relative 
repellency and 4-hour hydration tests. For the relative repellency test, the maximum height (L) of 
a large water drop relative to that of the treated soil surface on which it rests is determined and 
normalized by dividing by the theoretical height (Lo # 0.384 em) of a similar sized water drop with 90° 
contact angle resting on a smooth, solid surface. By theory, values of L/~ > 1.00 should be water 
repellent; by experience only values of L/Iu ~ 1.30 provide an ample margin of safety that can be 
designated as adequately water repellent. 

For the 4-hour hydration test, the sample and water drop of the relative repellency test were 
observed for 4 hours to determine if (1) the water infiltrated the pores or spread across the soil sur
face, or (2) the soil hydrated and swelled. The first case signaled a gradual loss of repellency; the 
second a loss of soil stability. 

Natural weathering of the treated samples was simulated and accelerated in three weatherometers. 
For freeze-thaw weathering, the petri-dish samples were placed in the chamber, a large (approximately 
3-cm-diameter) water drop was centered on the soil, and the weatherometer cycled between + 20 C. When 
the drop either completely evaporated or infiltrated the soil, the sample was removed, air dried, 
brushed with a stiff brush to remove loose soil, and given another 4-hour hydration test. If the sample 
passed these two tests, it was recycled in the weatherometer. This process was repeated until the 
sample lost either repellency or stability. 

For the ozone and ultraviolet-radiation weathering, separate samples were given five 100-hour 
doses with each dose interspersed with the rigorous brushing, relative repellency and 4-hour hydration 
tests. Chamber ozone concentration was 5 ppb compared to normal atmospheric of 0.2 to 0.5 ppb. The 
UV-weatherometer was designed to compress 1 year of natural weathering (Chicago area) into a 100-hour 
run. 
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After each of the three weathering tests, the samples were tested for structural stability (erosive 
resistance) with the dripolator test. For this test, 1000 5-mm drops fell onto one point of the sample 
from the 2-m height. Samples were evaluated qualitatively on ability to resist pitting by ti1.e erosive 
force of the drops. 

J!.ESULTS 

All the wax-treated soils, except those treated with kerosene, were initially water repellent and 
passed the 4-hour hydration test (Table 1). The kerosene-treated samples were not further evaluated. 

For the paraffin-treated samples, resistance to structural failure from freeze-thaw cycling gener
ally increased as AMP increased from 116 to 165 F (Figure 2). Increasing the paraffin application rate 
from 0.5 to 1 kg/m2 also slightly improved structural stability, but results were rather erratic. 
Unfortunately, in spite of these slight improvements, none of the paraffin-treated samples performed 
impressively; samples that break down in fewer than 50 cycles have marginal structural stability, since 
many of the high plateau areas of the Southwest experience more than 200 freeze-thaw cycles per year 
(Harshfield, 1974). Of the slack waxes, only the Hawaiian-crude-treated samples performed impressively 
(Table 1). These samples withstood 200 to 300 such cycles before structures were destroyed. 

however, structural failure from freeze-thaw cycling always occurred directly beneath the centrally 
placed water drop--never at the dry periphery. This suggests that extra care in smoothing field water
harvesting plots before treating them with repellent might prevent water retention and subsequent 
freeze-thaw damage. If water retention could be eliminated, any wax that produces a water-repellent 
soil surface (i.e., passes the first two repellency tests) should adequately withstand freeze-thaw 
cycling. 

All samples which had undergone the freeze-thaw cycling test were tested for erosion resistance 
with the dripolator test. Orops impinged on an intact peripheral portion. All passed; only one (the 
lowest rate of the lowest AMP paraffin) showed any erosion. 

Weathering effects from ozone were minimal. I::ven after 500 hours' exposure, no sample failed the 
brush or the 4-hour hydration tests. Thus, soil structure remained stable, and a water-repellent zone 
remained which prevented water infiltration. H.elative repellencies of three treatments fell below 
acceptable levels (L/Ln < 1.30); but, since this test reflects only the exposed treated surface, not 
the treated zone beneath, it is not definitive for judging weathering. The relative repellency test 
indicates only whether the exposed surface material has degraded. 

Ultraviolet (UV) radiation generally caused more severe weathering than ozone. The ll6, 128-130, 
and the 160-165 AMP paraffin-treated samples all failed the 4-hour hydration test after 400 hours' 
exposure. Only the 143-150 AMP paraffin (two highest rates) resisted 500 hours' exposure. lleverthe
less, it has been shown (Fink, 1976) tnat the resistance to UV weathering of certain other types of 
repellents was improved by adding a oit of paraffin. So resistance is relative, and compared to some 
repellents, the paraffins are quite resistant to weathering by ultra-violet radiation. 

All the slack waxes tested (except the Phillips 10 petrolatum at the 0.5-kg/m
2 

rate) successfully 
resisted degradation by exposure to liV. J.lelative repellencies of Hawaiian crude and Phillips 10 petro
latum were reduced to unacceptable levels (L/Ln < 1.30), but none, other than the one exception listed 
above, failed ti1.e 4-nour nydration test for water repellency or the brush test for structural stability. 

All samples passed the dripolator test after the 500 hours of weathering by ozone and UV. Only 
tl1e sample with lowest application rate of the lowest melting point n-paraffin (ll6 AMP) showed any 
erosion. 

Tests c.urrently are underway to find additives for the waxes to improve their weathering resistance. 
Field tests are concurrently underway to verify the more significant of the laboratory findings. 

SUrlMARY AND CONCLUSIO;~s 

1. Freeze-thaw cycling damaged only the soil areas covered with water, which indicates a need for 
properly smoothing catchment sites in freeze-t11.aw-prone areas to prevent rainwater entrapment. 

2. A Hawaiian crude slack wax withstood over 300 freeze-thaw cycles 'before complete structural 
degradation, whereas the other waxes generally failed in fewer than 50 cycles. 

3. Ozone did not significantly degrade the waxes. 

4. Ultraviolet radiation damaged the n-paraffins more than the slack waxes, indicating that the 
cheaper, surplus slack waxes merit field testing for use in water harvesting. 
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Table l. ;..Tater repellency and structural stability of wax-treated Granite Reef soil samples exposed to freeze-thaw 
cycling, ozone, or ultraviolet radiation. 

WEATHERING ELEMENT 

Preweathering.!/ Freeze-thaw Ozone Ultraviolet 

4-hr Drip-}/ -- hrs Drip- --- hrs Drip-
Repellent Rate L/L n 

hyd. Cycles olator 100 200 300 400 500 olator 100 200 300 400 500 olator 

kg/m2 ± ± 
n-paraffins 

~/ kerosene 0.50 - - 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.75 - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

116 AMP 0.50 + + 13 M !;.2./t;. 2 2 2 N !;. 3 0 0 0 s 
0.75 + + 7" N !;. !;. 2 2 2 N !;. !;. !;. 3 2, 3 R 
1.00 + + 7 N !;. !;. 2 2 2 N !;. !;. 2,3 3 3 B 

128-130 AMP 0.50 + + 7 N !;. !;. !;. !;. !;. N !;. 3 0 0 0 N 
o. 75 + + 16 N !;. !;. !;. !;. !;. N !;. !;. 2 3 3 N 
1.00 + + 17 N !;. !;. !;. !;. !;. N !;. !;. 3 3 3 N 

143-150 AMP 0.50 + + 22 N ll. !;. !;. !;. !;. N !;. !;. A 3 3 R 
o. 75 + + 29 N !;. !;. !;. !;. !;. N !;. !;. !;. !;. !;. N 
1.00 + + 43 N !;. !;. !;. !;. !;. N !;. !;. !;. !;. {;; N 

"' ~ 160-165 AMP 0.50 + + 27 N !;. !;. !;. !;. !;. N !;. !;. !;. 3 3 N 
o. 75 + + 29 N !;. !;. !;. !;. !;. N !;. !;. !;. 3 3 N 
1.00 + + 29 N !;. !;. !;. !;. !;. N !;. !;. !;. 3 3 N 

other waxes 
Bakersfield 0.50 + + 30 N !;. !;. !;. !;. ll. N t>. I 6. ll. !;. !;. N 

slack o. 75 + + 36 N !;. !;. !;. !;. !;. N ---a - - - -
1.00 + + 58 N !;. !;. !;. !;. !;. N !;. !;. !;. !;. !;. N 

Hawaiian 0.50 + + 237 N !;. !;. !;. !;. !;. N 2 2 2 2 2 R 
crude o. 75 + + 352 N !;. !;. !;. !;. !;. N 2 2 2 2 2 R 

1.00 + + 196 N !;. !;. !;. !;. !;. N 2 2 2 2 2 N 

Phillips 10 0.50 + + 16 N !;. !;. 2 2 2 N !;. 2 2 !;. 1,2,3 
petro- o. 75 + + 16 N !;. A 2 2 2 R !;. 6 2 2 2 N 
latum 1.00 + + 16 N !;. !;. 6 2 2 N !;. 2 2 !;. !;. N 

Phillips 20 0.50 + + 16 N !;. !;. 2 !;. 2 N !;. 2 !;. !;. !;. N 
petro- o. 75 + + 33 N !;. !;. !;. !;. 2 N !;. A !;. ll. !;. N 
latum 1.00 + + 57 N !;. !;. !;. !;. !;. N !;. !;. !;. !;. !;. N 

1/ Plus (+) denotes exceeding acceptable levels; negative (-)denotes not meeting them. 
2! Dripolator test: N, none; M, pitting ::S 3 mm; s, pitting > 3 mm; F1 pitting through treated zone. 
3! Zero (0) notation means sample failed a previous critical test in testing sequence. 
4/ Dash means sample was accidentally destroyed prior to completing tests. 

'il 6 denotes passing of all tests: (1) brush test; (2) L/Ln; (3) 4-hr bydration. Numerals denote which test(s) failed. 
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TESTING SEQUENCE 
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Figure 1. Laboratory testing sequence for evaluating water
repellent soil treatments for water harvesting. 
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Figure 2. Resistance of paraffin-treated soil samples to 
structural degradation by freeze-thaw cycling as a 
function of average melting point (AMP) and 
application rate of the waxes. 


