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RESIDUAL WAXES FOR WATER HARVESTING

by

Dwayne H. Fink

INTRODUCTION

Refined paraffin wax has now been field tested for 5 years as a soil treatment for water- harvesting
catchments at our Granite Reef test site, with no significant loss of runoff efficiency (still near 90 %)
or visible deterioration (Fink et al. 1973). Furthermore, the paraffin treatment is being accepted for
use on catchments for watering livestock and wildlife (Cooley et al. 1976), and for establishing vege-
tation on mine spoil (Alden and Springfield 1975) and rangeland (Schreiber and Frasier 1977).

I elected to extend the wax -treatment studies to include laboratory testing of several of the
numerous residual waxes produced by the various oil companies. There were several reasons for including
residual waxes: (1) switching to residual waxes would constitute an "energy" savings, simply because
they are byproducts; (2) they are slightly cheaper than refined paraffin (approximately 19e vs. 20e per
lb., respectively, at source); (3) the literature suggests that many of the residual waxes are more
adhesive and less brittle than paraffins (both factors could be important under certain soil -climate
conditions).

Unfortunately, several inherent factors tend to frustrate any attempt at establishing a rational
research approach to studying these residual waxes. The first is the formidable industry -predicated
lingo used to describe the waxes. One encounters terms like slack wax, scale wax, petrolatum and crude
petrolatums, amorphous and microcrystalline wax, road oil, tank bottoms, etc. The petroleum industry
usually delineates waxes according to their production history, whereas chemists would prefer to
delineate them according to the chemical structures of the constituents. Since residual waxes encom-
pass such a wide range of properties, the name given a particular wax is not definitive. Some of these
petroleum waxes are categorized in Table 1.

There are other frustrations. Whereas paraffin waxes are extremely uniform in their physical -
chemical properties throughout the industry (refined paraffin waxes vary in grading primarily only by
melting point), the residual waxes have practically no uniformity at all. Residual waxes vary according
to both the crude source and the refining process. The latter includes both the refinery type and
adjustments to the refining process used to maximize the yield and quality of those petroleum products
having greatest economic return, a factor that can change daily. "Residual" means that the waxes are

not the sought -after product. This results in tremendous differences both between and within the
various wax types, and probably even within lots having identical designations from the same producer.
As an example (Meyer 1968), crude petrolatum may contain from 5% to 50% oil, depending on how much the
residual distillates have been dewaxed; the content of normal (straight -chain) or slightly branched
paraffins may vary from 10% to 90 %; and to complicate the matter further, content and type of saturated
and unsaturated cyclic molecules vary tremendously -- as does content of certain coloring agents and
other impurities.

From a water -harvesting -user standpoint, this variability and the concomitant unreliability of
supply source result in the biggest disadvantage of all; namely, each material (and lot) probably must
be individually tested for each proposed water -harvesting application. Needed is some "characteriza-
tion index" of these residual waxes, based on easily obtainable physical -chemical properties, by which
their potential for water -harvesting purposes can be evaluated.

In this report, the water -harvesting potential of several residual waxes is compared with that of
refined paraffin, using laboratory tests designed to predict actual field performance of water -repellent

soil treatments. These results were gleaned from several studies; thus, experimental conditions and
tests were somewhat variable.

METHODS AND MATERIALS

Most of the laboratory procedures and tests used here have been described (Fink 1976a, b). Briefly,
< 2 mm of soil was uniformly packed in petri dishes, air dried, then treated with the various wax mat-
erials by brushing them on as hot melts and further melting them in with heat lamps. Two soils were

used: Granite Reef (sandy loam) from our laboratory's water- harvesting test site, and Superstition
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sand. Repellents studied were seven residual waxes (one also in emulsified form), a dust- suppressant
oil, common 128 -130 AMP refined paraffin, and several dust- suppressant oil -wax mixtures. Physical -
chemical properties of the repellents per se were not evaluated.

The testing sequence is shown in Figure 1. It differs from that shown previously (Fink 1976a, b)
in that samples which pass 500 hours' exposure to either ozone or ultraviolet (UV) radiation are now
structurally destroyed by subjecting them to the freeze -thaw (FT) cycling sequence. As in the previous
studies, the "relative repellency test" (L /Ln) quantitatively measures water repellency of the topical,
exposed, treated -soil surface; the "4 -hour hydration teat" primarily qualitatively measures water
repellency and /or waterproofing throughout the treated soil zone, but also detects structural failure
of soils that hydrate excessively and then crack upon drying; the 'brushing test" detects and removes
loose and inadequately stabilized soil, thereby simulating water and wind erosive forces; the "dripo-
lator test" utilizes the erosive force of water droplets to detect structural instability of the
samples after their exposure to weathering by freeze -thaw cycling, concentrated ozone, or high -intensity
UV radiation. The FT chamber cycled between + 20 C at about 10 cycles per day. The UV weatherometer
is designed so that 100 hours' exposure should equal that accumulated in i year in the midcontinent
area. Ozone concentration in the ozone weatherometer was approximately ten times atmospheric.

This report represents four separate laboratory experiments carried out over several years'
duration. Only the first experiment reported here used the complete testing procedure of Figure 1;
the others used only selected parts of it.

EXPERIMENTS AND RESULTS

SLACK WAXES -- Experiment 1.

In this study (Table 2), Granite Reef soil was treated with four different residual waxes and a
refined paraffin as standard, each at three application rates, for laboratory evaluation with the
complete testing sequence outlined in Figure 1.

All treatments passed the initial, preweathering, water -repellency, and structural stability
evaluations.

In Table 2, an (R) or an (S) signifies the sample failed either the 4 -hr- hydration test or the
erosion test, respectively, after exposure to ozone or UV radiation for the exposure time listed.
Data are omitted for the relative -repellency test (L /Ln) after each 100 hrs' exposure, because degree
of topical repellency after weathering begins has little or no effect on whether water will infiltrate
the sample.

All samples resisted ozone attack. UV radiation did gradually reduce water repellency of the
paraffin- treated samples, but was quite ineffective against the slack waxes, except for the low appli-
cation rate of the Phillips 10 petrolatum. Samples exposed to ozone and UV withstood more FT cycling
than did those not exposed to these two weathering elements. The cause of this added resistance is
unknown, but may be related to the longer equilibration time for the ozone- and UV- weathered samples.

The Hawaiian crude was the most effective treatment overall in the laboratory and was particularly
resistant to damage from FT cycling. The Bakersfield slack wax and Phillips 20 petrolatum withstood
FT cycling somewhat better than did the paraffin, thus they could be effective treatments where such
cycling is not excessive. Increasing the application rate of these two residual waxes slightly
improved resistance to degradation by FT cycling. Unfortunately, random variability of the FT cycles
was rather large. Generally, differences of less than 50 cycles between treatments were not considered
significant. As reported previously (Fink 1976b), the petri disk samples always degraded under the
centrally located water drop in the FT weatherometer -- never at the dry periphery. All samples,
except those few which failed because of UV exposure, also passed the final dripolator test.

The four residual waxes performed as well as, or better than, paraffin. Results suggest that all
these waxes should perform satisfactorily as water -harvesting treatments where FT cycling under moist
conditions is not a big factor. Where it is a factor, the Hawaiian crude should be satisfactory.
These waxes are now being laboratory evaluated on different soils to evaluate effects of soil textural
variation.

SLACK WAXES -- Experiment 2.

In this study (Table 3), two soils were treated with three residual waxes, an emulsion of one
wax, and an emulsified refined paraffin at application rates of 0.5 and 1.0 kg /m2. Samples then were
laboratory evaluated for initial water repellency (relative repellency and 4 -hr- hydration test) and
structural stability (brush test), for resistance to weathering by FT cycling, and to resistance to
water erosion by the dripolator test.

Relative repellencies of most treatments were either borderline (1.0 < L /Ln < 1.30) or unaccept-
able (L /Ln < 1.0). Nevertheless, all passed the 4- hr- hydration test except emulsified paraffin applied
at the low rate to Granite Reef soil. This suggests either that relative repellencies of 1.2 or
greater are adequate, since most fell in this range, or that the waxes plugged the soil pores enough
to prevent water infiltration (impermeable barrier). These samples also were given the brush test
before weathering in the FT chamber. Samples treated with the Chevron 110 petrolatum (melt or
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emulsified, high or low rate) were most resistant to such simulated erosion; however, soils treated
with the higher rate of either Chevron 140 slack wax or the paraffin emulsion also passed this test.
Granite Reef soil treated with Mobile P42 failed both the brush and dripolator testa.

The Chevron 110 -treated samples (both wax forms, both rates, and both soils) also consistently
performed well in the FT chamber. In general the sand samples outperformed the silt -loam soil in
the FT chamber, but 172 cycles for the 1 -kg /m' rate of 110 on Granite Reef soil was satisfactory. It
seems that sandy soils could be safely treated with any of these residual waxes provided that the
application rate was 1.0 kg /m2 or greater. Results for the paraffin emulsion treatment were quite
inconsistent and need further study.

The primary advantage of being able to use commercially- prepared wax emulsions is that less
sophisticated equipment and technology would be required to treat soil catchments. A disadvantage is
that it costs just to transport water; furthermore, if the waxes must Be emulsified on site by the
applicator, special equipment, chemicals, and technology are required anyway.

WAX -DUST SUPPRESSANT MIXTURES

In tnis study (Table 4), a dust -suppressant oil (DS) and several mixtures of the DS with three
waxes were laboratory screened for effects of weathering by FT cycling, ozone, or UV radiation on
water repellency and structural stability. The dust suppressant (a residual petroleum resin) contained
an antioxidant; the waxes were a 128 -130 AMP refined paraffin, Bakersfield slack wax, and Phillips 10
petrolatum.

All treated samples, which were prepared in triplicate, passed the initial relative water -
repellency (L /Ln) and the 4 -hr- hydration tests. Samples were then weathered in one of the three
weatherometers. The 100% US- treated soil was quite resistant to degradation by FT- cycling and ozone,
but was vulnerable to attack by UV radiation (failed 4- hr- hydration test after 250 hours of weathering).
all the DS -wax mixtures withstood the 500 Hours of ozone and UV weathering without failing the defini-
tive 4 -hr- hydration, brush, or final dripolator tests (tne mixtures complement each other). As in the

first study, samples treated with 100% paraffin and Pnillips 10 petrolatum were quite vulnerable to
attack by ozone and UV radiation. Adding small amounts (5 %) of paraffin or Bakersfield slack wax
markedly improved the perfdrmance of the dust suppressant in the FT chamber; e.g., the number of
FT cycles tolerated increased from 200 to 300 for DS only, to over 600 for the mixtures (three of
the four samples are still being cycled). However, FT tolerance rapidly decreased as the proportion
of wax increased above 5 %. As in the first study, Granite Reef soil treated with 100% paraffin or
100% Bakersfield slack wax was quite vulnerable to degradation by FT cycling.

Adding dust suppressant did improve the FT tolerance of the Phillips 10 petrolatum, but not nearly
as dramatically as those of the other two waxes. The results of this study suggest that DS-wax
mixtures should weatner better than any of the materials used singly.

WAXES ON STABILIZED SOIL

In this study (Table 5), packed Granite Reef soil was prestabilized using Terralock stabilizer
at two dilutions and two rates. After the stabilized soil had air dried, Chevron 140 slack wax or
paraffin was applied at 0.5 and 2 kg /m2. Results were rather disappointing. Neither the stabilizer,

the wax rate, nor the wax type significantly affected tolerance to FT cycling. No treatment withstood

even 100 FT cycles. Stabilizers, however, may have potential for reducing water erosion of wax -treated,
coarse -textured soil.

SUMMARY

ADVANTAGES OF RESIDUAL WAXES FOR WATER HARVESTING

1. Use of residual waxes instead of paraffin for preparing water -harvesting catchments would
constitute an "energy" savings, since residual waxes are byproducts of the petroleum industry.

2. Several of the residual waxes outperformed the standard refined paraffin in these laboratory

tests: Treated soils were initially water -repellent and structurally stable against erosion;
they also better withstood the ravaging weathering effects of freeze -thaw cycling, ozone, and

ultraviolet radiation.
3. Mixtures of certain waxes and a dust -suppressant oil outperformed either alone.
4. Residual waxes generally are slightly cheaper than refined paraffin.

DISADVANTAGES

1. Unlike the refined paraffins, which have remarkable uniformity throughout the industry, properties
of residual waxes cannot be determined adequately from their industry- assigned names: a particular

residual wax type encompasses a wide variation of physical- chemical properties, and there may even
be considerable variation between lots of a particular wax.

2. Presently, each material (possibly each lot) must be individually tested for each proposed water -

harvesting application.
3. No quickly and easily obtainable "characterization index" of these products presently exists.

4. None of the waxes has yet been successfully field tested.
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Table 1. Petroleum waxes and properties. 1j

Refined paraffin: A narrow -range, reproducible distillate petroleum cut consisting
of macrocrystals of normal (straight- chained) hydrocarbons and
some isoparaffins (branched- chain); low in oil content (< 0.5 %)
and other impurities; melting point generally lower than that
for residual waxes (120- 160 °F); brittle; very low adhesive
strength.

Slack wax: Paraffinic wax which still retains considerable (357,) oil
(dewaxed but not deoiled).

Scale wax - or crude scale wax: Similar to paraffin wax, but less highly refined and slightly
higher in oil content (1 -51); (deoiled slack wax).

Semirefined wax: Quality and properties range between crude scale and refined
paraffin.

Reclaimed paraffin wax: Wax salvaged from treated paper; textiles, etc.; varies in
quality; generally cheaper than refined grades.

Cerels: "Waxes" having melting points between that of common refined
paraffin and low -pour oil (100 - 0 °F).

Semicrystalline or semimicro waxes: Waxes having properties midway between paraffin and micro -
crystalline wax.

Microcrystalline wax: Wax extracted from heavy petroleum distillates and residues
(residual petrolatum cut); normally consists largely of micro -
crystals of isoparaffins (branched) and naphthenes (saturated
ring) along with small amounts of aromatic hydrocarbons and
other impurities but may contain up to 90% of normal or
slightly branched paraffin; oil content should be less than 5%;
melting point is generally higher than the paraffin waxes
(130- 200 °F); they vary from soft and plastic to hard and brittle;
generally, they are more adhesive and resistant to moisture
than paraffin. In essence, the range of physical -chemical
properties of microcrystalline waxes is extremely large compared
to the paraffin waxes.
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Table 1. Petroleum waxes and properties (continued).

Amorphous wax. Early- industry synonym for microcrystalline wax.

Crude petrolatum: An unctuous residual wax containing a considerable amount of
oil; dewaxing heavy petroleum distillates to obtain motor oil
yields petrolatum as residue; deoiling petrolatum further yields
microcrystalline wax.

Black wax: Wax obtained by blowing heated air through melted petrolatum or
other petroleum waxes.

Rod wax and tank- bottom wax: Precursors of what we now call crude petrolatum and micro -
crystalline wax.

Residual wax: Includes all of the above listed waxes except the paraffins.

Asphalt: Another residual product of crude oil, consisting of a complex
colloidal mix of solid organics dispersed in a liquid oil phase.

Road oils: Petroleum residues similar to asphalt but of lower viscosity;

often sold as cutbacks.

Bottom settlings: Sludge collected at the bottom of oil tanks which is an
emulsified mixture of water, oil products, and mud.

Additives: Materials added to petroleum products to change their physical -
chemical properties; the list is innumerable.

1/ Material in this table was gleaned from the following references. Bennett, 1975; Guthrie, 1960;
Hahn, 1970, Van der Hane and Verner, 1957; Meyer, 1968; and Anglo -Iranian Oil Co., Ltd., 1949.

Table 2. Accelerated laboratory weathering by ozone, ultraviolet radiation,
and freeze -thaw cycling of wax- treated Granite Reef soil.

Waxes Rate

Weathering element

UV
1/

Ozone
Freeze -thaw cycling

2/

1/ FT UV Ozone

kg /m
2

hrs exposure cycles

Paraffin,
128 -130 AMP

0.50

0.75

200(R)
400(R)

500

500
7

16

0=/

0

63

84

1.00 300(R) 500 17 0 45

Phillips 10 0.50 500(R,S) 500 16 0 24

petrolatum 0.75 500 500 16 29 57

1.00 500 500 16 63 86

Phillips 20 0.50 500 500 16 48 52

petrolatum 0.75 500 500 33 67 147

1.00 500 500 57 115 170

Bakersfield 0.50 500 500 30 48 86

slack 0.75 -- 3/ 500 36 -- 137

1.00 500 500 58 173 189

Hawaiian 0.50 500 500 237 630 413

crude 0.75 500 500 352 788 796

1.00 500 500 196 796 613

1/ Weathered up to 500 hrs, with testing for repellency (R) and stability (S)
after each 100 ars; R or S notation indicates failure from 4 -hr- hydration
or brush test, respectively.

2/ dumber of cycles required to destroy treatment; FT (freeze -thaw only);
UV (exposed first to 500 hrs of high intensity ultraviolet radiation;
ozone (exposed first to 500 ars of highly concentrated ozone).

3/ Sample accidentally destroyed prior to completion of testing.

4/ Zeroes denote that sample failed a previous critical test.
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Table 3. Water repellency and
thaw cycling, as determined
tests.

Application
Wax rate

structural stability of residual -wax- treated soils subjected to freeze -
oy the relative repellency, 4- hr- hydration, brush, and dripolator

Granite Reef soil Superstition sand

pre -tests 1/

freeze-

thaw

drip-
olator

pre -tests
1/

freeze-
thaw

drip -

olator

L/L
n

4 -hr

hyd
brush
test

1/1

n

4 -hr

hyd
orush
test

kg /m2
cycles cycles

Mobile P42 0.5 1.23 + 0
2/

F 1.23 + - 0 N
Prowax 1.0 1.31 + 0 F 1.27 + + 329 *

Chevron 140 0.5 1.29 + - 0 F 1.37 + - 0 .i

slack wax 1.0 1.36 + + 22 i! 1.34 + + 264 M

Chevron 110 0.5 1.27 + + 22 N 1.26 + + 264*
Petrolatum 1.0 1.28 + + 172 N 1.26 + + 342*

Chevron 110 0.5 1.23 + + 93 N 1.31 + + 215*
emulsion 1.0 1.20 + + 71 N 1.25 + + 304*

Refined paraffin 0.5 1.11 - 0 F 1.24 + + 376* *
(128 -130 AMP)

cationic emulsion 1.0 0.99 + + 109 N 0.80 + + 2 N
(3177)

1/ Initial tests run prior to freeze -thaw cycling; + denotes passing, - denotes failing test.
2/ Zero denotes failing a previous teat, therefore not subjected to freeze -thaw cycling.
3/ Dripolator test erosion notation: N, none; M, pitting < 3 mm; F, pitting through treated zone.
* Still under test.

Table 4. Water repellency and structural stability of Granite Reef soil samples
treated with mixtures of wax and dust suppressant and exposed to freeze -
thaw cycling, concentrated ozone, or ultraviolet radiation.

Repellent Rate

Weathering element
Freeze -thaw Ozone Ultraviolet

Cycles
Drip- 11
olator

hrs
250 500

hrs
250 500

0 /m2

Dust suppressant (DS)
(antioxidant) 0.5 336 N A3/ A 1,2 1,2

1.0 268 N 8 A 1 1

DS + wax mixtures:
5% paraffin 0.5 659?/ - A 8 1 1

1.0 678 N A 1 1 1

10% " 0.5 1272/ N A A 1 1

1.0 663- - A A 1 1
25% " 0.5 72 N A A 1 1

100% "

1.0

0.5

197
4

N

N

A

A

A

1,2,3,4
1

3

14/
0-

1.0 42J N A A A A

5% Bakersfield 0.5 555- - A A 1 1

slack wax 1.0 63221 - 8 A 1 1

10% " 0.5 173 N A A 1 1

1.0 121 N A A 1 1

25`/, " 0.5 47 N A A A 1

1.0 172 N A A 1 1

100% " 0.5 22 cJ A A 8 A

1.0 47 N 8 A A A

5% Phillips 10 0.5 147 N A 1 1 1
petrolatum 1.0 127 N A A 1 1

10% " 0.5 47 N A A 1 1

1.0 261 N A A 1 1

25% " 0.5 25 N A A A 1
1.0 141 . A A 1 1

100% " 0.5 4 N 1,2 1,2,3,4 A 1,2,3,4
1.0 12 N A 1 A A

1/ Dripolator test: N denotes no detectable erosion; dash ( -), not yet evaluated.

2/ Still being cycled in freeze -thaw chamber.
3/ A denotes passing all tests: (1) L/L , (2) 4- hr- hydration, (3) brush test,

(4) the dripolator test after 500 hrsfi weathering; numerals denote which tests
failed.

4/ Zero (0) means sample failed a previous critical test in the sequence.
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Table 5. Resistance to structural destruction oy freeze -thaw cycling of

Granite Reef soil treated with Terralock stabilizer, then with

either refined

Stabilizer

paraffin (128 -130 AMP)

Wax
Rate

or Chevron 140 slack wax.

Freeze -thaw cycles to
destroy stability

Dilution Rate Paraffin Chevron 140

vol /vol R /m2 kg /m2 freeze -thaw cycles

-- none -- 0.5 12 0 1/

2.0 16 50

1:20 1 0.5 4 21

2.0 37 94

1:20 2 0.5 4 38

2.0 16 38

1:5 1 0.5 18 52

2.0 21 4

1.5 2 0.5 20 42

2.0 65 51

1/ Failed initial brush test.

TESTING SEQUENCE

RELATIVE REPELLENCY

a. REPELLENCY
4- HOUR - b. STABILITY

4 y 4'
FREEZE-THAW ZONE UV -LIGHT

4
BJRUSHING I BRUSHING BRUSHING

n
' 4 HR HYDRATION REL. REPELLENCY REL.REPELLENCY

4- HR- HYDRATION 4 HR HYDRATION

1
DRIPOLATOR DRIPOLATOR DRIPOLATOR

1 1
FREEZE -THAW FREEZE -THAW

4,
BRUSHING BRUSHING

n
I 4 HR HYDRATION n 4 HR HYDRATION

Figure 1. Laboratory testing sequence for evaluating water -repellent
soil treatments for water harvesting.
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