
SOME PRELIMINARY WINWICK EXPERIMENTS TO CONSIDER

INTRODUCTION

Potential partners are being asked to consider earning a share in the intellectual property for which Winwick Business Solutions P/L has applied for PCT patent rights. Before seeking serious funding and industry involvement to commercialise the various Winwick technologies, there are some modest, preliminary laboratory experiments, the results of which should provide proof-of-concept sufficient to justify the significant effort required for: contractual negotiation and agreement; grant application; establishing a collaborative R&D project, possibly involving other, specialized research organizations; and industry engagement. Other reasons for such preliminary experimentation include the advisability of having some independent indication that the technology is indeed prospective and to ensure that there are verifiable bases to claims made to intellectual property rights.

It is envisaged that the preliminary experiments be quick, cheap, non-comprehensive and cobbled together – their objective being simply to lend assurance that the ideas indeed have merit. A secondary objective is that they provide some guidance to the most productive, developmental directions for later, scientifically-rigorous and comprehensive studies.

Not all of the preliminary experiments below must be addressed, just those that are judged necessary and sufficient to provide the threshold level of confidence required to proceed to the next phase of a given technology. In the text below, the experiments for the preliminary experimentation may be amended to deliver the confidence level required.

EXPERIMENTS TO CONSIDER

Cell Rupture by Rapid Decompression

A widespread problem is how to extract valuable material economically from various kinds of biomass, including microorganisms, crop, forestry and processing wastes. Algal cells of Chlorella vulgaris are particularly rich in contents but are particularly difficult to break, being small, tough-walled and slippery. Traditional approaches to separating and extracting the different, algal cell components usually involve adding chemicals, filtering, centrifugation, drying, grinding, ultrasonics, osmotic shock, and/or solvent extraction – all of which are costly, unsustainable and/or damaging to the contents in one or more ways. However, rupture by way of a combination of gas bubble decavitation under increasing pressure and the dissolved gas percolating by osmosis into the cells and between the fibres, followed by rapid decompression, breaks open cells and separate fibres. These effects are achieved using the continuous, scalable, economic and sustainable processes available in a Winwick drillhole reactor. Followed by simple, phase-based separation, this elegantly solves the problem.

Now, ordinary laboratory pressure vessels, such as those produced by the Parr Corporation, are capable of producing the necessary pressure changes (as pressures within an order of magnitude of 30atm should be sufficient, and Parr equipment can exceed this by a factor of twelve or more). Thus, a sample of aqueous, algal slurry in a thin gel, interspersed with small bubbles of a gas (probably CO2, nitrogen or argon), could be slowly pressurised until disruptive decavitation of some bubbles had occurred and enough of the gas had osmosed via the aqueous media into the algal cells and their inner vesicles. The pressure would then be released quickly, simulating the reduction in pressure caused by rapid upwards movement in a gravity-well drillhole reactor. What cells had not been ruptured or weakened by the decavitation effects, would then rupture and expel their contents under explosive decompression of their contained gas, which is unable to osmose out in time to prevent algal explosion. Microscopic examination of the cells using Nile Red indicator would confirm their ruptured state. In the industrial process, the products would be hydrocloned to separate the gas, lipids, proteinaceous water, and solids.

Extracting Fibre, Sugar and Oil from Biomass

A similar technique may be employed to process sugarcane, oil crops and a wide variety of other lignocellulosic material, including foliage, that may otherwise be wasted, or at least best use of which may not otherwise be made. In this case, the Winwick process not only extracts valuable organics from the biomass, but it also has the effect of expanding the biomass and of partially separating its fibrous components from each other and from the lignin matrix.

Gelated slurries comprising, say, a gram of moist biomass (for instance sugarcane stalk or oil palm fruit, each sliced finely transverse to the fibres), and various amounts of acetaldehyde liquid and CO2 in bubble form, each bubble being of a certain, pre-determined mass, are tested, either separately or together. Each experiment is placed in a separate container in a laboratory-scale, Parr pressure/temperature reactor. Each container is ‘sealed’ by a moving piston that transmits the varying pressure inside the Parr reactor to the container’s contents. Each container is brought slowly up to a pressure ranging from 50-300atm until the gas completely dissolves. The pressure is then released over a range of calculated rates, perhaps ranging from 3-15 seconds, as these are rates achievable in a drillhole reactor. The slurry temperature may also be varied in a narrow range around the boiling point of acetaldehyde, perhaps from 15-600C, in order to establish whether this has any beneficial effect upon fibre separation.


On completion of an experiment, the resulting biomass is rinsed several times with acetaldehyde, then microphotographed and analysed to determine the degree of fibre, sugar, water and oil separation achieved. Experimental conditions are varied until optimal ones are established. These may vary by the use for which the various products are intended.

The process requires no crushing or water addition. The sugar, oil and other fluid or fluid-carried components drain off, or are squeezed out of, the opened-up, fibrous material. These components are then separated from the acetaldehyde by simple evaporation at ambient temperature (>200C), possibly under a partial vacuum. The components (sugars, oils, proteins, molasses, etc.) are then separated in standard ways.

The method has potential advantages over current industrial practice: it requires less energy; it recovers more of the valuable biomass fractions; and it produces a dessicated, co-product fibre that is in a ready, open-structured and finely-divided state either for transformation into a wide variety of industrial and consumer products, or for conversion, by depolymerising enzymes, hydrolysis or hydrothermal treatment, into its component sugars and amino acids.

Algal Growth in Gel

Although algae frequently produce their own gels and are also grown on agar gel, the comparative biomass productivity over time of, say, three common, yet preferably markedly different, algal strains, grown in a variety of tenuous, thixotropic gels, needs to be established against that of non-gel controls. These should be done at low algal concentrations and with nutrient sufficiency, so that gel effects are better isolated. The manifold benefits of growing algae in gel, including those of reducing energy inputs, improving nutrition and optimising photon flux, are detailed in a separate document.

Algal Growth in a Highly-Nutriated Gel

Some algal strains can tolerate quite high (up to 60% saturation) levels of dissolved carbon dioxide (CO2) nutrient. Others do not. It is theorised that microbubbles of CO2, suspended in a tenuous, thixotropic gel, with the high carbonic acid acidity in the media adjacent to each alga offset by additional ammonia nutrient, the osmosis-retarding effect of the gel, and photosynthetic conversion, would enable Chlorella vulgaris and several other algal species to thrive in nutritively-balanced and frequently purged, aqueous media containing bubbles of initially almost pure CO2,, such as could be obtained from gasoil wells, various industries, or processed flue gas.

Rate of Adjustment Between Autotrophic and Heterotrophic Conditions

Some strains of microalgae can utilize both light (autotrophy) and/or dissolved organics (heterotrophy) to grow and reproduce. Ones that can do both are mixotrophic, but only some can do exclusively one or the other at different times, such as reverting to pure heterotrophy in the dark. Using the autotrophic metabolic pathway alone can mean that up to 25% of the algal biomass generated during the day is lost to respiration during the night. Should some mixotrophic algal strains be selectable, adaptable or modifiable to use autotrophy or mixotrophy during the day and convert to using heterotrophy at night, then the overnight loss may be turned to a gain, resulting in a major improvement to algal productivity. Heterotrophy may be facilitated by introducing to the algal media sugars derived from biomass, co-product glycerine and/or residual protein from other Winwick processes. A benefit of daytime mixotrophy is reported to be faster growth and a greater proportion of triacylglycerol or TAG lipid content. Thus, it is important to ascertain whether the rate of algal metabolic adjustment can be made fast enough for such a nutritive strategy to be viable for one or more desirable, algal strains and can be achieved without crippling side-effects.

Production of Flashing Light via Sonically-Activated Microbubbles

Studies have already shown substantial increases in algal productivity and light utilisation under flashing light regimes. The improvement has been shown to increase up to a frequency of at least five kilohertz (5kHz). Typical bioreactors produce flashing frequencies of several seconds, or less than one hertz (Hz). Now, microbubbles suspended in a gel and bathed in sunlight and sound waves of a frequency from hertz to kilohertz generate short-lived, localised flashing beams of relatively concentrated light that impinge on the light-collecting antenna of an alga in the media with equal or higher frequency.

The pattern and strength of such beams (and their dark complements), reflecting or refracting from one or a number of nearby, pulsating microbubbles, may be determined using, preferably high-speed, successive microphotography of a thin, translucent screen placed at various depths below the illuminated and sonically-activated (pulsating, vibrating and deforming) microbubble(s). As there may well be upper and lower limits to the sonic frequency to which microbubbles in the preferred diameter range effectively react to sonic vibrations in a gel, these should be established. Amplitude, waveform, and interference effects may also be important.

From the photographic results at different frequencies and different distances between an alga and the microbubble, nearby microbubbles, (possibly other algae) and the screen, at different gelator concentrations, and at different insolation intensities (and given a near-optimal growing temperature and nutritional conditions) the conditions for optimal algal biomass productivity may be determined and compared against non-flashing controls to show the degree of improvement. Initially, order of magnitude productivity differences may be estimated using the clarity of letters as seen through the turbid algal soup of a standard container.

Decavitational and Sonochemistry


Bubbles decavitating under drillhole reactor conditions produce both physical effects and chemical reactions. Some of the latter may be likened to sonochemical reactions that physically affect molecules, particularly larger ones, either by breaking them apart by brute force, thereby allowing new chemical combinations and configurations to occur, or by facilitating catalysis. However, most Winwick reactions tend to occur principally via the highly-localised temperature spikes as a result of decavitation, followed by their instant quenching. These reactions tend also to be additionally facilitated by the very high pressures achievable and the presence of catalysts typically present at the bubble surfaces. 


As the number of decavitations and cavitations occurring in a given volume of reaction mix might be increased manyfold by the use of sonication under pre-set conditions or ranges, it will be useful to establish the improvement possible by the use of varying sonication under simulated drillhole reactor conditions for a variety of Winwick reactions. Parr equipment, possibly modified to allow sonication, the filming of reaction media transparency (including bubble reflectivity) and spectroscopic analysis, might economically establish the optimal conditions for each desired reaction. Using arrays, several experiments might be conducted for each Parr run.

Winwick Syngas Synthesis (WSS)

WSS involves the partial oxidation of biomass under supercritical water conditions. These are achieved above 3740C and 221atm. Whilst Parr equipment might be adequate, a cheap, benchtop alternative technique has already been developed and used efficaciously to study biomass gasification. It involves plunging a sealed, quartz straw containing the reactants into a bath of molten salt. A mixture sodium nitrate and nitrite (working range 150-5000C) is a typical salt to employ, though others may be used to achieve different working temperature ranges. The temperatures of bath or baths heat the contents of the straw, producing jumps in both pressure and temperature of controllable dimensions. The reactants are typically a specified mixture of water, biomass and oxidant – usually oxygen, but frequently with an admixture of CO2 to avoid the production of tars. Catalysts or promoters may be added to the reactants to tilt the reaction in a particularly desired direction, or to increase its speed. Water takes part in the reaction; and the degree of dilution by water is an important factor, as is the time allowed for reaction, temperature, density and pressure. Decavitation, together with successive, short-term compressions and decompressions, and turbulent mixing, such as can be readily achieved in Winwick drillhole reactors, are also likely to be of use, but are probably not critical to achieving proof-of-concept. From the product syngas can be made a wide variety of transport fuels and chemicals, including diesel, DME and jet fuel.

Winwick Ammonia Synthesis (WAS)

By employing a wax or heavy oil carrier with high boiling point, a Winwick drillhole reactor may be used to produce ammonia from contained bubbles of stoichiometrically-mixed hydrogen and nitrogen gases, with great economy and to any scale desirable, by a variant of the Haber process. The carrier incorporates any necessary, finely-divided catalysts and carries down with it the reactant bubbles to great depth in the drillhole reactor. Adiabatic and heat exchange effects heat the reactants on the way down and cool the product ammonia during its upward passage as bubbles in the carrier.

Reaction conditions should be achievable using the quartz straw technique, even though optimally high pressures may not be. Having a straw, coated with an insulating material covering only one end, combined with a movable, internal plug to separate the different contents in each compartment, may be a way to achieve the necessary high pressure, without having an undesirable high temperature being present for the Haber reaction. The insulant thickness should be tapered to minimise differential, heat expansion stress on the straw. A material such as water, iodine, or a low boiling point alkane in one compartment may be suitable to pressurise the reactants sufficiently in the other. Spectroscopic analysis of the product end of the straw, or some other form of analysis, should be able to determine whether ammonia has been produced. The beauty of the Winwick variant is that pressure of almost any degree may be achieved economically, thereby allowing a single-pass, high-yield and continuous, production process.

Winwick Nitric Acid Synthesis (WNAS)

Similarly, nitric oxide (NO), the key precursor to nitric acid formation, might be synthesized from small bubbles of a stoichiometric mixture of ammonia and oxygen in a heavy oil carrier with disseminated, platinum catalyst. At one end of the quartz straw, water or a low boiling point alkane, is separated by a movable plug of silicone rubber, from the reactant mixture. On boiling, this fluid provides the pressurization to the reactant mixture via the plug. The mixture is contained in a quartz straw that is plunged, partly or fully, into a bath of molten salt. To control the bulk temperature reached by the mixture, the mixture end of the straw might either be left in the air and/or else be gradient-insulated with a ceramic material or fibre-reinforced plaster. A second reason to gradient-insulate the straw is to avoid fracturing it with too strong a differential thermal shock. The bulk temperature of the mixture should not have to reach anything like the normal reaction temperature of ~7500C, due to the adiabatically-compressing and decavitating bubbles causing local temperature spikes well in excess of the bulk temperature. In the laboratory, this arrangement simulates the conditions achievable in a Winwick drillhole reactor in which the mixture is pumped around. As in the WAS experiment, the degree of successful product formation may be determined spectroscopically by the absorption of characteristic light frequencies when white light is passed through the straw and gas at the upper end of the straw.

Winwick Lipid (Trans)Esterification (WLE)

Either using Parr equipment or the quartz straw technique should also be applicable to TAG lipid transesterification by excess methanol to produce FAMEs and glycerine. The introduction to the straw’s reactant mix of a fine foam of non-reactant gas bubbles should, by their decavitation and mixing effects, allow the reaction to take place in the absence of a catalyst. However, the effect of different catalysts, concentrations of them, excess methanol content, bubble size, temperature and reaction time may also be investigated using the same technique.

Optimal conditions for esterification may be sought in pressures from 10-200atm and temperatures from 20-1500C. Varying bubble size and number, and cycling the pressure should be tested so that entire bubble population decavitation events occur many times, in order to establish how important decavitation effects are to the esterification transformation.

Winwick Supercritical Extraction (WSX)


Supercritical extraction of biomass’ many molecular fractions may be testable in a Parr reactor or a quartz straw, but with considerable difficulty. Purpose-designed equipment and a low-number-molecular-type-component biomass surrogate may provide an easier way. A variably pressurised and heated, transparent cylinder (possibly made of quartz) or a sealed, spherical or cylindrical void in a cube of quartz or glass, spun rapidly on one of its axes might show clouding of its contents, or greater light reflectance, near the perimeter of the rotation when a molecular species precipitated. And spectrographic analysis of light transmitted through the transparent part of the enclosed liquid should reveal the concentrations and molecular species remaining dissolved in the carrier fluid. Using two, short cylinders, set in slings at the ends of a spinning metal arm or similar centrifugal device, might minimise cylinder breakage risk. Initial heating and pressurisation might be applied via infra-red, microwave or laser irradiation and the presence of a noble gas or volatile fluid either as part of the contents or pressurising them via a piston.

If the biomass were in an aqueous slurry, then conditions around the supercritical point of water would be required to depolymerise, hydrolyse and dissolve the biomass into its basic molecular constituents.

Success in establishing proof-of-principle that precipitation of different molecular types occurred at different conditions of pressure and temperature would be indicated by observing major changes in the spectrum of the transmitted light as conditions ameliorated.
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