TECHNICAL MEMORANDUM

Detergents for Vehicle Wash Facilities

Assessment and Recommendations

Date: 05/24/2010

Introduction

A variety of cleaning products (i.e., detergents) are used at the Caltrans wash racks facilities for vehicle and equipment cleaning.  Based on their chemical composition and properties, the cleaning products may result in the formation of stable oil-water mixtures due to emulsification, which can have negative impacts on the performance of the wash water treatment units, especially on oil water separators (OWS).  Thus, it is important to have an understanding of the different cleaning agents and emulsifying properties of detergents to choose the most appropriate product to use at wash rack facilities.  In addition, the existing Caltrans Structure Design's detergent specifications (see Table 1) may need to be revised to address the products available in the market.

Table 1

Summary of existing specifications for detergents at Caltrans wash racks.

	Parameter
	Requirement

	Type of soap
	Non-emulsifying

	Components
	Contain no solvents, caustics, acids or phosphates

	Brushing
	Minimal brushing

	Washer unit
	Compatible with pressure washing

	Water
	It should work with cold and/or hot water

	Rinse 
	Easily and leave no unsightly soap film or streaks

	Boiling point
	> 212 °F

	Specific gravity
	1.102

	Solubility in water
	100 %

	Evaporation rate
	>1

	pH
	11 - 12


Detergents 

Detergents are made from organic materials which are known as surface active agents (surfactants). Detergents have molecules with one side that prefers water (hydrophilic) and the other side prefers oils (hydrophobic).  The hydrophilic side attaches to the water molecules and the hydrophobic side attaches to the oil molecules (Sawyer et al, 1994).  The carboxyl, sulfate, hydroxyl, or sulfonate groups are known as the water soluble part of the detergent (Sawyer et al, 1994).  Major surfactants are classified as anionic, cationic, amphoteric, and nonionic (Zoller, 1999); a short description of each surfactant is shown in Table 2.  Common surfactants properties are spreading, clouding, emulsifying, and foaming (Hildebrand and Riemer, 1996).  Spreading is the capacity of the detergent to reduce the water surface tension, allowing the water to spread (SDA, 2010).  Clouding or cloud point refers to the temperature at which a detergent solution begins to look cloudy (visualized as turbidity) due to aggregation into larger structures that scatter light (Zoller, 1994).  The majority of the surfactants are emulsifying agents; emulsifiers inhibit oil and water droplets from joining together, thus the mixture of oil and water will not separate (Hildebrand and Riemer, 1996).  Foaming, is the capacity of the detergent to produce foam, it is generally caused by two compounds sodium laureth sulfate or sodium lauryl ether sulfate (Zoller, 1994).

Table 2

Surfactant classification and major characteristicsa
	Surfactant
	Characteristics

	Anionic (ionic)

(Carboxylic Acids and Salts, Sulfuric Acids Derivates, Sulfonic Acids and Salts, Phosporic Acids Esthers and Salts and, Acylamino Acids and Salts)
	Negatively charged. Oldest and most common surfactant. Excellent detersive action. Sensitive to water hardness ions. Produced in high volumes. The majority are inexpensive. Used in most detergent systems, including car washing. Sulfates and sulfonates are common anionic surfactants.  (see Appendix A for additional information)

	Cationic (ionic)

(Alkyl Amines, Alkylimidazolines, Quaternary Ammonium Compounds, Ethoxylated Alkyl Amines and, Esterified Quaternaries)
	Positively charged. Prompt to change surface properties making a hydrophilic surface act as a hydrophobic and vice versa. Poor detersive action. Used as germicides. Great emulsifying capacity. Used mostly as fabric softeners. 

	Amphoteric (ionic)

(Acyl Ethylenediamines and Derivades, N-Alkyl Amino Acids or Imino Acids)
	Can act as cationic or anionic detergents, depending on the pH of the solution.  Work best at neutral pH.  Used in combination with Anionic or Cationic surfactants to enhance certain properties (foam or detergency). Commonly used in personal care products (shampoos, foam baths, etc).

	Nonionic

(Alcohols, Ethers, Alkanolamides, Esters and, Amine Oxides)
	Without charge. Low sensibility to water hardness and pH.  Emulsify easily. Some decrease their solubility with high temperature. Broad industrial and household application.


a Source: Zoller (1994)

Types of Detergents 

The first detergent was developed in Germany during World War II due to the scarcity of fats to produce soaps.  These detergents were known as branched-chain alkyl benzene sulfonates. These are not biodegradable; tend to precipitate with hardness in the water, creating non-soluble salts that generate great amounts of foam (Sawyer et al, 1999).  Therefore, linear-chain alkyl benzene sulfonates, such as sodium dodecylbenzinesulfonate, were synthesized to replace the branch-chain as a result of legislation in 1965 (Metcalf and Eddy, 2003).  However, their efficiency is reduced when used with hard water; thus phosphates were added to soften the water.  However, detergents containing phosphates are known to be a major cause of eutrophication, resulting in phosphate ban implementation around many states of the U.S (Hoffman and Bishop, 1994).  Phosphates were replaced by other compounds such as sodium carbonate and EDTA as water softeners.  Later, sugar-based detergents were created, these are known as surface-acting polyglucosides, these also work in hard water, are considered mild (similar to soaps) and are biodegradable. 
Mechanisms for Emulsifying Detergents

Emulsions are a mixture of at least two immiscible liquids, for example oil in water.  The emulsion becomes stable as the surface tension between the two liquids decreases (Zoller, 1994). An emulsifying agent can be used to control the stability of the emulsion.  A standard technique, called the hydrophilic and lipophilic balance (HLB) is used to determine if a surfactant is a good emulsifying agent.  Products with high HBL are more soluble in water and those with low HBL are more soluble in oil (Zoller, 1994).  Physical-chemical mechanisms for emulsification include breaking, coalescence, molecular diffusion, flocculation, and sedimentation.  Mechanical mechanisms of emulsification include temperature (usually low) and rapid mixing. All these mechanisms influence the emulsion stability; however, the emulsifier concentration also plays an important role; at concentrations higher than 0.1 % the two liquids tend to aggregate easily.  As the emulsifier concentration increases, it is the easier is to form the emulsion (Zoller, 1994).  Oils have different densities; oils with a density similar to water will be more easily emulsified.  Some compounds commonly used to improve the emulsification of oil in water emulsions are found in Table 3. 

Table 3

Frequently used materials to promote emulsification of oil in water mixturesa
	Material
	Example

	Plant hydrocolloids
	Alginates, carrageenan, guar

	Synthetic polymers
	Methylcellulose, hydroxyethyl cellulose, hydroxypropyl cellulose

	Biosyntethic
	Xantan gum

	Inorganic
	Colloidal magnesium aluminium silicate, sodium mangnesium silicate, bentonite. 

	Proteins
	Polypeptides, soluble collagen. 


aSource: Zoller (1994)

Non-Emulsifying Detergents

A non-emulsifying detergent does not disperse oil or other water-insoluble substances in the water (Katz, 2000).  A non-emulsifying surfactant is designed to have higher affinity for the substrate than the oils and dirt, thus the surfactant removes the oil/dirt from the surface but does not chemically reacting with it.  Materials of opposite charge are commonly used to formulate non-emulsifying detergents.  It is common that solvents that are included in the detergent (surfactant agent) composition act as a solubilizer and therefore the two liquids will not form an emulsion (Zoller, 1994).  These detergents are low in electrolytes (commonly added to aid emulsion stabilization).  Non-emulsifying cleaners work well in spray applications (Biobased, 2010)
Quick Release Detergents

These detergents are also known as “quick splitting” or “separator friendly”. The detergent creates unstable oil in water emulsions, resulting in a rapid breaking of the emulsion, thus separating the oil droplets from the water in a relatively short time that varies from 10 minutes to an hour (U.S. ACE, 1999).  The pH of these detergents is generally neutral or close to neutral and they are known for being biodegradable (U.S. ACE, 1999). 

Impacts of Detergents on OWS and Water Recycle Units 

Experience with emulsifying detergents at the U.S. Coast Guard OWS systems has shown that oil in water emulsions may be formed when the mixture is stirred, normally when the mixture is pumped by means of a centrifugal pump into the OWS (USCG, 2002).  In this case, the mixture will flow through the OWS or water recycle unit, resulting in effluent oil discharges and low efficiency.  The U.S. ACE (1999) reported that the detergents used at their wash racks facilities had a negative effect in the performance of the OWS systems.  It is explained that the majority of the detergents tend to form a stable emulsion of oil in water, resulting in emulsified oil passing through the OWS, regardless if the OWS was a conventional gravity one or packed with coalescent material. Therefore, the emulsifying detergent will result in the effluent exceeding regulatory standards for discharges into a sanitary sewer system or resulting in the water recycle units malfunctioning. 

In a study performed by the U.S. ACE (2007), 20 different detergents, that claimed to be “separator friendly” and ideal for use in OWS were laboratory tested to determine their emulsion time separation (see Appendix B).  A summary of the studied detergents and the results obtained is shown in Table 4.  As shown in Table 4, the detergent used can have a significant impact on the separation of oils from water.

Specifications from Vendors 

Common specifications about “quick release” detergents advertised by the vendors and suppliers include, physical form, color, odor and, pH. Other usage recommendations include the temperature of the water and the compatibility with pressure washers. Based on the products that are being used at some Caltrans wash racks facilities and the results from the detergents study from the U.S. ACE (2007); a matrix was developed to compare different products available in the market (see Appendix C).

Table 4

Summary of emulsion time separation resultsa,b
	Detergent
	Vendor
	Average reduction in oil and grease after 45 minutes (mg/L)

	
	
	Motor 

oil
	Hydraulic Fluid

	Duo Power
	Chemsearch
	26
	28

	Environ
	Landa
	28
	31

	Certified GRRR
	Certified Laboratories
	29
	31

	Clean All Purpose
	GSA
	29
	25

	Clean Split
	Certified Laboratories
	34
	22

	Zep Split Vehicle Wash
	Zep
	43
	45

	Krud Kutter
	Supreme Chemical
	47
	118

	Hurrisafe
	PCI of America
	76
	51

	Dawn
	Procter and Gamble
	79
	95

	Zep Split Auto Scrub
	Zep
	87
	97

	MA 102
	JAD Chemical
	89
	25

	Gator Wash HD
	Product Services
	95
	105

	Enviro Gard-1
	Hotsy
	123
	68

	Low Emuls Wash
	Knight Marketing Corp
	128
	72

	Simple Green
	Sunshine Makers
	137
	41

	Enviroklean
	Chemifax
	145
	120

	Power Cleaner 310L
	Penetone Corp. 
	160
	193

	CBC 4 Citrus Grease Solv
	American Cleaning Solutions
	600
	147

	Critrikleen
	Penetone Corp
	1160
	510

	VPW SC 1000
	Orison Marketing
	2100c
	700


a The initial oil and grease concentration in the mixture was 1000 mg/L.

bSource: Adapted from the Public Works Technical Bulletin 200-1-47, U.S. ACE (2007).

c Result of an individual measurement.

Conclusions and Recommendations

Non-emulsifying or quick release detergents are the ideal ones to use at the Caltrans wash racks facilities.  It is key to read the products composition carefully before buying a specific detergent to determine if the ingredients used are likely to promote emulsification (see Table 3). The results from the study performed by the U.S. ACE (2007) on detergents guidance for OWS can also be used as a tool to select a particular detergent.  Simple emulsion separation tests (see Appendix B) as well as more elaborate laboratory techniques such as the HBL can be used to determine the emulsion time separation and the surfactant emulsification capacity for detergents not listed in Table 4.  The detergent comparison matrix (Appendix C) is another assessment tool that may be used to identify appropriate products for use at wash rack facilities.  The recommended detergents are highlighted in the matrix presented in Appendix C.  The modified specification for choosing a detergent for use at a wash rack with an oil water separator or recycle process unit is presented in Table 5.

Table 5

Suggested requirements for detergents at Caltrans wash racks facilities

	Parameter
	Requirement

	Type of detergent
	Non-emulsifying or quick release

	Components
	Contain no solvents, caustics, acids or phosphates

	Brushing
	Minimal brushing

	Washer unit
	Compatible with pressure washing

	Water
	It should work with cold and/or hot water

	Rinse 
	Easily and leave no unsightly soap film or streaks

	Biodegradable
	100%

	Solubility in water
	100 %

	pH
	Neutral or close to neutral

	Specific gravity
	1.02 to 1.14

	Surfactant type
	Anionic surfactants not recommended where MBAS will be an issue

	Evaporation rate
	>1

	Test
	Separation time 
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APPENDIX A

Anionic Surfactants and the MBAS test

Ionic surfactants (anionic, cationic and, amphoteric) are extensively produced around the world; approximately 65 percent of all the surfactants used in the United States are ionic (Metcalf and Eddy, 2003).  Anionics are historically known as the first synthetic surfactant. These are considered more cost-effective than the other ionic surfactants and therefore most widely produced; Anionics can be found in almost every cleaning product (Zoller, 1994). Anionics are commonly found at wastewater treatment plants as stable foams due to aeration processes (Metcalf and Eddy, 2003). Thus, specific laboratory tests were develop to evaluate the presence of surfactants in wastewater. To determine anionic surfactants a technique called the MBAS (methylene blue active substances) test; based on the color change of a methylene blue dye solution is used (Standard Methods, 1998).  The most common anionic surfactant, LAS (linear Alkylbenzene Sulfonate) is used to calibrate the test (Standard Methods, 1998).  However, some MBAS are known to interfere with the test, adding more or less methylene blue into the solution. A list of these compounds is shown in Table C-1.

Table C-1

Compounds known to interfere with the MBAS testa
	Organic
	Inorganic

	Sulfonates
	Thiocyanates

	Sulfates
	Cyanates

	Carboxylates
	Nitrates

	Phenols
	Chlorides


aSource: Standard Methods (1998)

In addition, cationic surfactants (e.g., amines) also tend to hinder with the MBAS test. These surfactants modify the experiment because they compete with the methylene blue in the formation of the ion pair as explained below: 

Ion Pair in the test: (MB)+  ↔ -(ANIONIC) 

Ion Pair with cationic interference:  (CATIONIC)+ ↔ -(ANIONIC)

Particulate matter may adsorb part of the methylene blue also interfering with the true results of the MBAS test. The presence of sulfides, found commonly in raw wastewater, make the MBAS impossible to measure because sulfides react with methylene blue forming a colorless reduction (Standard Methods, 1998). 

APPENDIX B

Emulsion Separation Test

This simple method is used to determine the separation time of an emulsion.  This method was used by the U.S. ACE (1999) to evaluate different “quick release” detergents available in the market. The method is carried out as follows.

1.  Fill two bottles of approximately 0.5 liters in size about 60% full of clean fresh water.

2.  Add approximately 10% of oil, preferably fuel oil to both bottles, to one bottle only add 2%, or an amount specified by the cleansing agent manufacturer, of the cleansing agent to be tested.

3.  Shake both bottles well by hand for approximately one minute, let both bottles stand, the bottle without cleansing agent should show clear water underneath the oil within a relatively short time, the other bottle will need more time for separation; the time needed for this bottle is the so-called separation time which should be less than one hour. 

4.  At the end of the separation time, the mixture of this bottle should have water with light turbidity at least over half of the height of the bottle. 

APPENDIX C

Detergents Comparative Matrix 

	Detergent

Commercial

Name
	Vendor
	CCa
	TSb
	NEc
	BDd
	Hot water
	Cold water
	Pressure washer
	Phosphate

free
	Caustic free
	Te
	Odor
	pH 


	Color
	Use pH
	Density

(lb/gal)
	SGf

	Blue Thunder
	Hotsy (Rec for RPU)
	Sodium Metasilicate, Sodium Tripoly Phosphate
	A
	x
	x
	x
	x
	x
	
	x
	
	cashmere
	11.8-11.9
	blue
	NAg
	NA
	1.03

	Environ
	Landa
	Sodium Tripoly Phosphate and Sodium Metasilicate
	A
	x
	x
	x
	x
	x
	Lh
	x
	x
	NA
	11.8
	NA
	NA
	NA
	1.03

	Envirogard-1
	Hotsy

(Rec.for OWS)
	 Sodium Metasilicate, 

Dodecylthioethoxylate, Polycarboxylic Acid, Sodium Xylene Sulfonate
	?
	x
	x
	x
	
	x
	x
	
	
	slight
	11.8
	clear
	NA
	NA
	1.04

	Envirogard-2
	Hotsy (Rec. for RPU)
	Dodecylthioethoxylate
	N
	x
	x
	x
	
	x
	x
	x
	
	slight
	11.4
	clear
	NA
	NA
	1.02

	Grrr 55
	Certified Labs
	Sodium Dodecyl Benzene Sulfonate, Sodium Xylene Sulfonate, Sodium Tripolyphosphate
	A
	
	x
	NA
	NA
	x
	
	NA
	x
	Odorless
	12.4
	dark

green
	NA
	NA
	1.106

	Hurrisafe
	PCI of

America
	Butyl Acetate
	N
	
	x
	NA
	NA
	x
	NA
	NA
	x
	non-offensive
	12
	NA
	10.9-11.4
	NA
	1.01

	Krud Krutter

Pressure Washer concentrate
	Supreme Chemicals of Georgia Inc.
	Ethylene glycol monobutyl ether, 

2-Butoxyethanol 

	N
	
	x
	NA
	NA
	NA
	NA
	NA
	x
	sweet
	NA
	Light purple
	NA
	NA
	1.01

	Power Cleaner 310L
	West

Penetrone
	NA
	NA
	
	x
	x
	
	x
	x
	x
	x
	mild
	11.8 -12.2
	clear faint yellow
	10.8-11.3
	NA
	1.14

	Simple Green Heavy-Dutty Cleaner and Degreaser
	Sunshine

Makers

Inc.
	Butoxyethanol, Butyl Cellosolve, Ethoxylate, Tetrapotassium Pyrophosphate, Sodium citrate, Didecyldimonium chloride
	N
	
	x
	x
	
	x
	
	
	x
	faint-detergent like
	8.5-10.2
	tur-quoise
	NA
	8.5
	1.02

	Split Equipment cleaner
	Zep
	Tetrasodium ethylenediamine tetraacetate, Tetrasodium ethylenediamine tetraacetate, Potassium hydroxide.
	M
	x
	
	
	
	x
	x
	
	
	surfactant like
	12.2-13.2
	clear
	11- 11.5
	8.9
	1.08

	Split Vehicle Wash
	Zep
	Sodium silicate, silicic acid (H2-Si-O3) Disodium salt
	A
	x
	x
	x
	
	x
	x
	x
	x
	mild
	12.5-13.5
	clear
	11.5-12.5
	6.77
	1.08


a Chemical Composition

bTS = Type of Surfactant,  A = anaionic, C = cationic, M = amphoteric, and N = non-ionic.

cNon-emulsifying detergent

dBD = biodegradable

e Tested by the U.S Army Corps of Engineers (Public Works Technical Bulletin 200-1-47, U.S. ACE, 2007)

f SD = Specific gravity

g NA = the information was not available

h L = low phosphate

Note: Sodium Tripolyphosphate is used to increase the detergency properties of the surfactant. 

Terms

Coalescence: process by which small droplets combine to form progressively large ones.
Creaming: migration of one the substances to the top or the bottom of the emulsion, depending on the relative densities of the two phases. It is influenced by buoyancy or centripetal forced if used. 

Degreaser: highly concentrated detergent ?? Degreaser can be water or solvent based

Detergent: liquid or powder used for removing dirt and grease. Detergents are primarily surfactants. They can be classified based on their hydrophilic / hydrophobic character and the ionic group.

Dyne: unit of force, 1 dyn = 1 g·cm/s² = 10−5 kg·m/s² = 10 µN.

Emulsion: mixture of two or more immiscible liquids in which particles of one are evenly distributed in the other.  In an emulsion, one liquid (the dispersed phase) is dispersed into the other (continuous phase)

Flocculation: process by which the dispersed phase come out of suspension in flakes.
Hydrophilic: physical property of a molecule that is attracted from a mass of water. 

Hydrophobic: physical property of a molecule that is repelled from a mass of water.

Surface Tension: property of the surface of liquid molecules that causes to cohere strongly with those directly associated with them in the surface.  Water at 20°C has a surface tension of 72.8 dynes/cm compared to 22.3 for ethyl alcohol and 465 for mercury
Surfactant: (Surface active substances) wetting agent that lower the surface tension of a liquid, allowing easier spreading, and lowering the surface tension between two liquids. Surfactants are classified as anionic, cationic, amphoteric, and non-ionic. 
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