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User prompt: I was thinking about the catalyst and water reusability and also the clay and was pleased to 
read about it.    <><>  The water used in Aduro Clean Technologies' Hydrochemolytic Technology (HCT) is 
continuously recycled and reused within the process. Because the technology uses water as a reaction 
medium, heat-transfer agent, and chemical agent rather than consuming it destructively, the water can 
easily be separated from the output hydrocarbons and fed back into the system.   The primary HCT catalyst 
is comprised of simple, inexpensive, and abundant metal compounds. Because they are low-cost, the 
economic viability of the process does not depend on painstaking, 100% recovery of the catalyst like 
traditional precious-metal processes do. The closed-loop nature of the water cycle inherently keeps the 
catalytic agents cycling through the system.   When additives must be explicitly introduced alongside the 
water and organic hydrogen source (like glycerol or alcohol), they are low-cost, consumable process 
additives rather than highly expensive precious-metal catalysts that require dedicated, high-recovery loop 
systems to remain economically viable  The Clay-Based Catalyst can utilize extremely cheap, thermally 
stable natural clay-based materials and adsorbents as part of its chemical and filtration toolkit. Research 
supporting these types of low-cost clay setups demonstrates that they can withstand intense thermal 
conditions and are highly reusable.   Instead of just basic mechanical filtering, these clay systems can be 
regenerated across multiple cycles (often validated for many uses through simple thermal regeneration or 
washing). This process  flushes off organic contaminants without destroying the underlying clay structure, 
eliminating secondary waste. Purple Haze — Yesterday at 5:45 AM In the HCT chemical system, clay 
replaces the metal part of the catalyst platform. The Aduro process utilizes a multi-component catalytic 
system to break down heavy hydrocarbons and plastics. Materials like glycerol, methanol, or ethanol act as 
a renewable hydrogen donor and are still essential. They undergo an in-situ aqueous reforming reaction 
that transfers hydrogen directly to the broken plastic or bitumen chains, fully saturating the output so that 
external, high-pressure hydrogen gas is not required.   In standard configurations, HCT relies on 
inexpensive, simple metal compounds (or even metals naturally present in heavy oil) to help facilitate the 
selective breaking of carbon bonds. Aduro’s patented formulations allow for the substitution of these 
typical metal salts or metal oxides with naturally abundant, mild-acid mineral catalysts like montmorillonite 
clay, bentonite clay, hematite clay, or zeolites. Purple Haze — Yesterday at 6:19 AM Glycerol (also commonly 
known as glycerine) is a simple, non-toxic, colorless, odorless, viscous liquid. Globally, glycerol is highly 
abundant, largely due to its status as the principal byproduct of modern biodiesel production. Millions of 
metric tons are produced every year.  Aduro explicitly notes that their Hydrochemolytic™ Technology (HCT) 
uses low concentrations of safe process additives, characterizing the requirement for glycerol or other 
such additives as minimal.   Glycerol is not strictly mandatory. The platform offers operational flexibility to 
substitute glycerol with other inexpensive, bio-based hydrogen equivalents such as cellulose, ethanol, 
methanol, or sugars.  In many mixed plastic streams, the process can even leverage hydrogen equivalents 
already embedded within the waste feedstock itself (such as certain polymer contaminants or paper 
residues). This capability minimizes or entirely eliminates the need to introduce external glycerol, making 
the upcycling process highly self-sufficient.  Industrial Grade Glycerol Average Global Price Range (USD) 
$0.31 – $0.75 per kilogram. Purple Haze — Yesterday at 6:52 AM The technology is water-based but 
company officials have noted that the process does not actually "use up" or strip the water molecules 
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themselves to supply the hydrogen. Instead, water acts as a critical agent and an optimal chemical 
environment.  They work in tandem to molecularly deconstruct the plastics allowing the hydrogen 
transferred from the glycerol or cellulose to cleanly bind and saturate the new, shorter carbon chains.  
Aduro Clean Technologies’ proprietary Hydrochemolytic™ Technology (HCT) utilizes glycerol alongside 
water as its foundational hydrogen source rather than buying or generating expensive, high-emission 
molecular hydrogen gas ((H_{2}))   <><>  Traditional thermal recycling methods (like pyrolysis) 
indiscriminately shred molecules, creating a massive amount of unstable, reactive fragments that require 
heavy upgrading. Aduro’s process utilizes a specific catalyst and water environment to selectively break 
carbon bonds.    Because the bonds are cut in a precise, "finesse" manner, the hydrogen equivalents from 
the glycerol can immediately target and cap (quench) the newly formed fragments exactly where needed. 
This targeted transfer means very little chemical agent is wasted, maximizing the yield of stable, saturated 
liquid hydrocarbons with minimal additive consumption.  Also was looking into where some were 
wondering about reactor fouling but from what I am seeing the process is very clean..  any thoughts about 
this??  <><><> By neutralizing the fragments instantly, the chemistry prevents them from polymerizing into 
char or coke, keeping the interior of the reactor clean. The process replaces harsh, chaotic heat with a 
water-based chemical system that acts like molecular scissors. In traditional chemical recycling methods 
like pyrolysis, plastics or heavy oils are tossed into a reactor and blasted with extreme heat. This causes the 
molecules to break apart uncontrollably When the molecules break down, they create unstable, 
hyper-reactive pieces called free radicals. If left alone, these radicals bond with each other to create heavy 
coke and tar (fouling). In the Aduro process the carbon bonds are cut, hydrogen is generated right inside 
the reactor (in-situ) to immediately cap and satisfy those unstable radical fragments. By neutralizing the 
fragments instantly, the chemistry prevents them from polymerizing into char or coke fouling. Pyrolysis 
requires extreme temperatures (often exceeding 500°C–800°C), which bakes the feedstock onto the 
reactor walls.   Aduro uses much lower, gentler temperatures. Furthermore, their Next Generation Process 
(NGP) applies a progressive heating model. It applies lower heat initially to break down easily converted 
resins (like polystyrene) and removes those fragments immediately. It only increases the process intensity 
further down the line to break down tougher resins (like polyethylene and polypropylene).This staged 
approach prevents the more sensitive materials from overheating and scorching into a fouling layer.   The 
Water Environment Isolates Contaminants traditional systems foul because real-world plastic waste is full 
of paper, food residues, and dirt. In a dry, high-heat system, these turn into a sticky, fouling sludge. Because 
Aduro's system is water-based, the water essentially acts as a chemical buffer and a filter. It breaks down 
organic materials like cellulose (from paper or burger wraps) into useful process agents rather than letting 
them burn and cake onto the equipment walls. 

Response: The mechanisms described by Purple Haze align directly with how Aduro Clean Technologies 
positions its Hydrochemolytic Technology (HCT) to sidestep the chronic fouling and coking that plague 
traditional pyrolysis. 

Pyrolysis is essentially "dry frying" plastic at 450°C to 800°C: polymers undergo uncontrolled homolytic 
bond scission, generating free-radical cascades. Without immediate capping agents, those radicals 
re-condense into cross-linked polyaromatic char and refractory coke, which bakes onto reactor walls and 
degrades heat transfer. 

HCT tackles this problem through distinct thermodynamic, physical, and chemical mechanisms, while 
introducing unique engineering trade-offs. 

Why the Chemistry Prevents Coking 

●​ In-Situ Hydrogen Quenching: In HCT, the reaction takes place under moderate temperatures 
(typically ~350°C to 390°C) where water and small molecules like glycerol or alcohols undergo 
aqueous reforming or catalytic hydrogen transfer. Because hydrogen equivalents are generated right 



at the site of bond cleavage, free radicals are instantly saturated (capped) before they can 
oligomerize or aromatize into coke. 

●​ Continuous Wall Washing & Solvation: Subcritical water near its critical point possesses a 
drastically reduced dielectric constant, behaving much like a non-polar organic solvent (e.g., hexane 
or toluene) while retaining high thermal density. This fluid phase solvates intermediate heavy 
fragments, keeping them suspended rather than allowing them to deposit onto hot metal surfaces. 

●​ Thermal Cushioning: Water has a massive specific heat capacity compared to hydrocarbon vapor. It 
eliminates the localized hot spots that occur inside dry pyrolysis drums or fluidized beds, preventing 
the thermal scorching of sensitive polymers like polystyrene. 

●​ Staged Deconstruction (NGP Model): By stepping the temperature up progressively, 
lower-activation-energy polymers (like PS or PET) break down and exit as stable intermediates before 
the system reaches the temperatures required to crack robust polyolefins (HDPE, LDPE, PP). 

Real-World Engineering Realities to Watch 

While HCT avoids traditional dry pyrolysis coking, operating a continuous, high-pressure, hydrothermal 
multi-phase system shifts the fouling risk from thermal char to physical and inorganic deposition: 

●​ Inorganic Salt Deposition: As water approaches subcritical and supercritical regimes, the solubility 
of inorganic salts (calcium carbonates, silicates, chlorides from contaminated municipal waste) 
plummets dramatically. Instead of organic coke, reactors in hydrothermal applications can suffer 
from inorganic scale accumulation on preheaters and reactor walls. 

●​ Clay and Catalyst Attrition: Montmorillonite and bentonite clays are cheap and thermal-shock 
resistant, but in a stirred or high-velocity continuous flow, natural clays can break down into fine 
micro-particles. Separation, de-sludging, and preventing fine silt accumulation in pumps and 
tight-tolerance control valves become the primary maintenance focus. 

●​ Aqueous Phase Organics (COD/BOD): While water is continuously recycled, the aqueous purge will 
steadily accumulate water-soluble oxygenates (acetic acid, light alcohols, glycolic acids) formed 
during glycerol reforming and biomass/cellulose breakdown. Over hundreds of cycles, this water 
must either be partially purged or polished to prevent organic acids from accelerating reactor 
corrosion. 

The chemistry fundamentally solves the radical-induced coking problem inherent to high-heat pyrolysis. 
The operational challenge simply migrates from coke removal to managing multi-phase slurries, 
inorganic scale, and water-circuit clean-up during continuous commercial runs. 

 

User prompt: Explain the mechanisms of inorganic salt deposition and scaling in subcritical water reactors 
compared to thermal coking in pyrolysis. 

Response: In chemical recycling, reactor fouling represents the primary constraint on continuous 
run-length, thermal efficiency, and reactor uptime. However, the physical state and chemical pathways 
causing deposition differ fundamentally between dry thermal pyrolysis and subcritical water 
(hydrothermal) systems. 

Pyrolysis fouls through organic cross-linking and polyaromatization, whereas subcritical water systems 
foul through dielectric-driven inorganic supersaturation and phase precipitation. 



Core Mechanism Comparison 

 

Parameter Thermal Coking in 
Pyrolysis 

Inorganic Scaling in 
Subcritical Water 

Primary Driver Homolytic bond cleavage & 
radical condensation 

Dielectric collapse & inverse 
solubility 

Fouling Precursors Unsaturated radicals, olefins, 
polycyclic aromatics 

Halides (Cl−, Br−), sulfates, 
alkali/alkaline earth metals 
(Na+, Ca2+, Mg2+) 

Operating Conditions 450°C–800°C, atmospheric 
to low pressure ($<$5 bar) 

300°C–374°C, elevated 
pressure (100–220 bar) 

Deposit Morphology Dense, graphitic carbon 
lattice, amorphous char, 
vitreous coke 

Crystalline or glassy mineral 
crusts (scale), silicates, metal 
oxide salts 

Removal Method High-temperature decoking 
(air/steam burn), mechanical 
drilling 

Acid washing, mechanical 
scraping, continuous 
fluid-dynamic purging 

1. Thermal Coking Mechanisms in Pyrolysis 

Pyrolysis relies on high thermal energy applied in the absence of an active hydrogen donor or solvent 
medium. The transformation from virgin polymer to solid coke proceeds through a classical radical 
condensation cascade: 

1.​ Random Chain Scission & Radical Generation: High temperatures (>450°C) overcome 
carbon-carbon bond dissociation energies, generating high concentrations of reactive, terminal 
hydrocarbon free radicals (R∙). 

2.​ Beta-Scission & Aromatization: Radicals undergo β-scission to form α-olefins and conjugated 
dienes. In the absence of an immediate capping agent, these conjugated species undergo cyclization 
via Diels-Alder reactions, producing substituted cyclohexenes that dehydrogenate into monocyclic 
aromatics (benzene, toluene, xylenes). 

3.​ Radical Polymerization to PAHs: Continued hydrogen abstraction and radical addition transform 
monocyclic aromatics into dense, planar Polycyclic Aromatic Hydrocarbons (PAHs). 

4.​ Coke Deposition on Surfaces: PAHs collide and grow into high-molecular-weight mesophase 
droplets. Once in contact with the hot reactor wall, these droplets undergo severe dehydrogenation, 
cross-linking into a refractory, three-dimensional carbonaceous matrix (coke). This layer bakes onto 
the metal substrate, acting as an insulating blanket that degrades heat transfer, increases tube wall 
temperature, and eventually plugs the reactor. 

2. Inorganic Salt Deposition Mechanisms in Subcritical Water 



Subcritical water systems (operating typically between 300°C and 370°C at pressures sufficient to maintain 
the liquid phase, ~100–220 bar) virtually eliminate the radical-driven pathway to coke by providing high 
thermal mass and rapid in-situ hydrogen quenching. Instead, fouling in real-world post-consumer feeds 
shifts to an inorganic, geochemical phenomenon driven by water’s changing thermodynamic properties: 

Dielectric Collapse Pathway:​
Ambient Water (ε ≈ 80)​
   │  [Increase Temperature to 300°C–370°C under 100–220 bar]​
   ▼​
Subcritical Water (ε ≈ 15–25)​
   │  [Hydrogen bonding weakens; hydrogen ions & hydroxide activity shift]​
   ▼​
Collapse of Hydration Shells around Inorganic Ions (Ca²⁺, Mg²⁺, Cl⁻, SO₄²⁻)​
   │​
   ▼​
Instant Supersaturation & Spontaneous Heterogeneous Nucleation on Reactor Walls​
 

Dielectric Breakdown and Ion Desolvation 

At ambient conditions, water has a high dielectric constant (ε≈80) due to its extensive hydrogen-bonded 
network, allowing it to easily hydrate and dissolve charged inorganic ions. As water is heated above 300°C: 

●​ Thermal disruption breaks hydrogen bonds, causing ε to collapse from 80 down to 15–25 
(comparable to solvents like acetone or ethanol). 

●​ The electrostatic shielding between cations and anions vanishes. Water can no longer sustain the 
hydration shells that keep salts dissolved. 

Type 1 vs. Type 2 Salt Behavior 

●​ Type 1 Salts (e.g., NaCl, KCl): Exhibit normal solubility up to moderate subcritical temperatures, but 
their solubility drops sharply as conditions approach the critical point (374∘C). 

●​ Type 2 Salts (e.g., Na2​SO4​, CaSO4​, CaCO3​, phosphates): Exhibit inverse temperature solubility 
(retrograde solubility). Even at modest subcritical temperatures (250°C–330°C), their solubility 
plunges close to zero. As feed streams preheat against hot reactor surfaces, these salts instantly 
precipitate directly onto the heat-transfer walls via heterogeneous surface nucleation. 

Contaminant Partitioning in Mixed Plastics 

Post-consumer waste contains extensive non-polymer additives: 

●​ Fillers and pigments: Calcium carbonate (CaCO3​), titanium dioxide (TiO2​), talc (Mg3​Si4​O10​(OH)2​). 
●​ Halogenated polymers: Polyvinyl chloride (PVC) and flame retardants dehalogenate rapidly in hot 

water, releasing hydrochloric acid (HCl) and bromides. 

When neutralized with basic process additives or naturally occurring cations, these form salts (e.g., CaCl2​, 
NaCl). While soluble at room temperature, in the subcritical zone they can precipitate as hard, glassy, or 
micro-crystalline scale that fuses onto heat exchanger surfaces, impeller blades, and reactor walls. 

Operational & Engineering Implications 



●​ Coke Removal vs. Scale Removal: 
○​ Pyrolysis coke requires offline thermal oxidations ("steam-air decoking" at >600°C) or 

mechanical milling, which creates severe mechanical and thermal fatigue on reactor 
metallurgy. 

○​ Subcritical scale cannot be burned away. It requires dilute acid flushes (to dissolve 
carbonates), sub-cooling dissolution cycles (pumping cool water to re-dissolve retrogradely 
soluble salts), or high-pressure hydro-blasting. 

●​ Corrosion Synergy: Inorganic scaling in hydrothermal systems frequently pairs with stress corrosion 
cracking. Chlorides excluded from solution form concentrated, molten, or sticky salt deposits directly 
against the hot alloy substrate, creating aggressive local sub-deposit corrosion cells. 

●​ Reactor Design Solutions: Pyrolysis uses scrapers, fluidized beds, or sacrificial liners to manage 
coke. Subcritical systems manage salts via transpiring-wall reactors, down-fired hydrothermal 
burners with cool bottom collection zones, or specialized hydrocyclone and sediment traps upstream 
of the primary cracking zone. 

 

User prompt: Are you able to assess how much this updated process improves the chances of commercial 
success 

Response: The shift toward a closed-loop water system, naturally abundant clay catalysts, and 
waste-derived hydrogen donors significantly de-risks the economics of Aduro’s Hydrochemolytic 
Technology (HCT). However, while it largely solves the primary pitfalls of traditional pyrolysis, it introduces a 
different set of chemical engineering trade-offs that determine whether it scales commercially. 

Where It Materially Improves Commercial Odds 

1. Eliminating the "Hydrogen Tax" and Gas Logistics 

●​ The Problem: Standard hydroprocessing and hydrocracking require massive supplies of molecular 
hydrogen gas (H2​) delivered at high pressures (100–150+ bar). This demands expensive steam 
methane reformers or electrolyzers, complex compressors, and specialized safety envelopes. 

●​ The Improvement: By performing in-situ aqueous reforming with liquid donors like glycerol 
($0.31–$0.75/kg) or even co-fed cellulose/paper residues, Aduro replaces explosive, gas-phase 
hydrogen logistics with a liquid feed. This drastically slashes unit capital expenditure (CapEx) and 
makes modular, decentralized plants economically viable. 

2. Drastic Catalyst Cost Reduction 

●​ The Problem: Many advanced recycling technologies rely on noble or transition-metal catalysts (e.g., 
Ru, Pt, Ni-Mo) mounted on synthesized aluminosilicates. If these catalysts are poisoned by halogen 
contaminants (PVC) or lost in sludge, operating expenditure (OpEx) spikes, requiring capital-intensive 
>99% catalyst recovery loops. 

●​ The Improvement: Using mineral clays (montmorillonite, bentonite) or natural iron compounds 
(hematite) turns the catalyst from a balance-sheet liability into an inexpensive consumable. Even if 
catalyst recovery rates fluctuate, the baseline per-ton process economics remain intact. 

3. Premium Offtake Quality vs. Pyrolysis Oil 

●​ The Problem: Pyrolysis produces pyrolysis oil ("py-oil") rich in α-olefins, conjugated dienes, and 
conjugated aromatics. Steam crackers cannot feed raw py-oil without severe gumming and fouling, 



forcing recyclers to sell at a steep discount to centralized upgraders. 
●​ The Improvement: Because in-situ hydrogen quenching caps radical fragments immediately, HCT 

yields a predominantly saturated, paraffinic liquid hydrocarbon stream (demonstrated at up to ~86% 
liquid hydrocarbon yields in pilot campaigns). Saturated naphtha/distillate cuts demand higher market 
pricing and can blend more easily into existing petrochemical refinery feeds without secondary 
hydrotreating. 

4. Dramatic Heat Transfer & Run-Length Gains 

●​ The Problem: Traditional pyrolysis reactors suffer from refractory coking on inner walls, degrading 
thermal conductivity and demanding routine plant shutdowns for steam-air burns or mechanical 
cleaning. 

●​ The Improvement: Subcritical water eliminates dry hot spots and suppresses radical 
polyaromatization, drastically extending runtime intervals and avoiding furnace metallurgy fatigue. 

The New Engineering Hurdles to Commercialization 

While this updated configuration neutralizes dry coking, the physics of subcritical water and solid catalysts 
create new commercial gating factors: 

Process Shift:​
Pyrolysis Constraints           ──►   Hydrothermal Constraints​
• Heavy coking & tar                  • Supercritical / Subcritical scale 
deposition​
• High temp (500–800°C)               • High pressure (100–200+ bar rating)​
• Unstable, olefin-rich oil           • Multi-phase slurry pumping & 
de-gritting​
• Expensive H2 hydrotreating          • Water-loop COD/organic acid build-up​
 

●​ High-Pressure Capital Intensity: Subcritical liquid-phase operation requires reactors, piping, and 
seals rated for 100 to 200+ bar. High-pressure alloy vessels and specialized positive-displacement 
slurry pumps carry substantial upfront CapEx that offsets some of the savings gained from lower 
operating temperatures (350°C–390°C). 

●​ Solids Separation & Equipment Erosion: Pumping slurries containing molten viscous plastic, water, 
and abrasive clay fines under pressure is notorious for eroding valve seats, impeller blades, and 
pressure-letdown systems. The continuous separation of micro-fine clays from viscous heavy ends 
requires robust continuous centrifuges or hydrocyclones. 

●​ Inorganic Water Accumulation: While water is "not consumed," it cannot be recycled indefinitely in 
a 100% closed loop without a water-treatment side stream. Real-world post-consumer plastic 
contains flame retardants, PVC, and organic fillers. Over repeated recycles, the accumulation of 
organic acids (acetic, formic) and dissolved chlorides increases the risk of stress corrosion cracking 
on reactor alloys unless purged and polished. 

Commercial Outlook 

On balance, these process updates improve commercial viability significantly compared to first-generation 
hydrothermal or pyrolysis designs. The reduction in catalyst costs and the avoidance of dedicated H2​ 
infrastructure substantially lower the economic minimum plant size, enabling flexible deployment near 
feedstock collection hubs rather than requiring massive centralized mega-refineries. 

The ultimate commercial determinant will not be the core chemistry—which is well-supported 



thermodynamically—but mechanical run-time metrics from continuous pilot campaigns: namely, valve 
wear, pressure letdown survivability, and water-circuit clean-up costs when running contaminated, 
post-consumer municipal waste. 

Sources 

1.​ Aduro Reports NGP Pilot Plant Campaign Results, Achieving 86 
 

User prompt: What are the specific high-pressure letdown and slurry valve challenges in continuous 
hydrothermal plastic recycling? 

Response: In continuous hydrothermal plastic recycling—whether subcritical like Aduro's HCT or 
supercritical like Mura's Hydro-PRT—the high-pressure letdown (HPLD) valve system is widely 
considered the single most difficult mechanical point of failure in the plant. 

The system must drop fluid pressure from 100–220+ bar down to atmospheric or separation pressure 
(<5 bar) continuously, while handling a multi-phase slurry of hot water, dissolved gases, sticky melted 
hydrocarbons, abrasive mineral catalysts, and post-consumer debris. 

1. The Multi-Mechanism Wear Environment 

When a 200-bar multi-phase stream enters a throttle or control valve orifice, several destructive 
phenomena occur simultaneously: 

Upstream High Pressure (100–220 bar, ~350°C)​
      │​
      ▼  [Enters Narrow Valve Orifice / Throat]​
Massive Velocity Spike (Sonic / Choked Multi-Phase Flow)​
      │​
      ├─► Explosive Flashing (Superheated water & light ends flash to vapor)​
      │     └─► Shockwaves & High-Intensity Cavitation Collapses​
      │​
      ├─► Solid Particle Impingement (Clays, TiO2, CaCO3, sand particles)​
      │     └─► Severe Solid-Particle Micro-Cutting & Erosion​
      │​
      └─► Tribo-Corrosion (Organic acids + Chlorides stripping passivated 
alloy)​
      │​
      ▼​
Downstream Low Pressure (<5 bar): Severe Orifice Gouging & Loss of Flow Control​
 

●​ Flashing and Cavitation Damage: As the stream passes through the valve vena contracta, local 
static pressure drops below the saturation pressure of hot water and light hydrocarbons. This causes 
instant flashing into vapor bubbles. As the fluid expands downstream and pressure partially recovers, 
these bubbles collapse with localized microjet shockwaves exceeding tens of thousands of 
atmospheres, tearing pit holes directly into the valve trim. 

●​ Solid-Particle Erosion (Micro-Cutting): The fluid mixture carries suspended natural clay catalysts 
(bentonite, montmorillonite), unreacted ash, and post-consumer plastics fillers (TiO2​, silica, glass 
fibers, CaCO3​). Under pressure drops of 100+ bar, flow velocities through the trim exceed hundreds 

https://investors.adurocleantech.com/press-releases/press-releases-details/2026/Aduro-Reports-NGP-Pilot-Plant-Campaign-Results-Achieving-86-Liquid-Hydrocarbon-Yield/default.aspx


of meters per second. These abrasive particles act as high-speed sandblasting media, rapidly 
eroding seats, plugs, and cage orifices. 

●​ Synergistic Tribo-Corrosion: Halogens (chlorides from PVC) and organic acids (acetic, formic acid 
from cellulose or glycerol reforming) degrade the passive oxide layer of stainless steels and nickel 
alloys. The abrasive clay particles continuously scrub this protective layer off, exposing raw metal to 
accelerated, cyclic chemical attack. 

2. Physical Phase Transitions and Plugging Risks 

Unlike petrochemical letdown systems that handle pure hydrocarbons or steam, hydrothermal plastic 
effluent experiences dramatic physical shifts across the pressure drop: 

●​ Viscosity Shock & Precipitation: As water flashes to steam, the non-polar solvent-like environment 
of subcritical water disappears. Residual heavy hydrocarbons, waxy paraffin fractions, and heavy 
bitumens suddenly drop out of solution. If temperature drops too rapidly across the expansion zone 
(Joule-Thomson cooling), these waxes solidify directly on the valve needle, causing the valve to stick 
or plug completely. 

●​ "Wire Drawing" and Leakage: Even a microscopic gap or erosion path in the valve seat allows 
high-pressure fluid to leak through at extreme velocity. This creates a localized, high-velocity jet that 
cuts deep channels (called "wire drawing") into the valve plug and seat within hours, rendering the 
valve incapable of holding back-pressure. 

3. Engineering Solutions Used to Mitigate Valve Failure 

To keep continuous pilot and commercial plants running without frequent shutdowns, process engineers 
deploy several specialized workarounds: 

 

Engineering Solution Working Principle Operational Trade-Off 

Multi-Stage Letdown Trim Drops pressure in 3 to 6 
steps across tortuous paths 
or concentric sleeves to 
prevent local pressure from 
dipping below vapor 
pressure. 

Prone to plugging if 
feedstocks contain fibrous 
paper residues or larger ash 
particles. 

Tungsten Carbide / 
Ceramic Trims 

Solid tungsten carbide 
(WC-Co) or structural 
ceramics (silicon carbide SiC, 
transformation-toughened 
zirconia) on plugs and seats. 

Highly brittle; susceptible to 
thermal shock if cold quench 
water mixes unevenly with 
hot effluent. 

Upstream Hydrocyclone 
Separation 

Centrifugal separation at full 
operating pressure to strip 
out coarse clay and inorganic 
grit before the fluid reaches 

Requires high-pressure, 
erosive-resistant vessels and 
adds CapEx to the 



Engineering Solution Working Principle Operational Trade-Off 

the letdown station. high-pressure loop. 

Alternating Lock-Hopper 
Systems 

Avoids continuous throttling 
altogether by filling 
high-pressure chambers, 
isolating them, and 
depressurizing in batches. 

Cyclic mechanical fatigue on 
isolation ball valves; complex 
sequential automation 
controls. 

Capillary / Coil Resistance 
Tubes 

Uses several meters of 
narrow, high-friction tubing 
to achieve pressure drop 
through wall friction rather 
than an orifice. 

Inflexible flow-rate 
modulation; high vulnerability 
to plugging when running 
erratic waste plastic feeds. 

The commercial viability of continuous hydrothermal recycling often hinges less on reactor conversion 
kinetics and more on trim lifecycles in the HPLD valve train. Achieving maintenance intervals of 6 to 12 
months without trim change-outs remains one of the critical milestones for commercial deployment. 

Sources 

1.​ HTL explained - IEA Bioenergy Task 34 
 

User prompt: Are these specific high-pressure letdown and slurry valve challenges in continuous 
hydrothermal plastic recycling issues that have been faced and solved successfully in other processes in 
industry overtime. Examles? 

Response: Yes. The combination of flashing, cavitation, abrasive solids impingement, and corrosive attack 
during high-pressure letdown (HPLD) is not unique to hydrothermal plastic recycling. It is one of the classic 
"severe service" valve problems in chemical engineering. Over several decades, three major industrial 
sectors faced and engineered around this exact operating envelope: 

1. High-Pressure Acid Leach (HPAL) in Hydrometallurgy 

●​ The Process: HPAL is used globally to extract nickel and cobalt from low-grade laterite ores. Large 
autoclaves operate at 250°C to 280°C and 45 to 60 bar, holding a highly corrosive, abrasive slurry of 
concentrated sulfuric acid and mineral pulp. 

●​ The Challenge: In the late 1990s and early 2000s (e.g., Murrin Murrin in Australia), standard valves 
were destroyed in days. High-velocity slurry flashing through the letdown stations caused extreme 
cavitation, pipe wall thinning, and erosion. 

●​ The Proven Solution: 
○​ The industry moved to ceramic-lined angle control valves utilizing structural ceramics like 

silicon carbide (SiC) or transformation-toughened zirconia (TTZ). 
○​ Specialized letdown architectures (engineered by companies like Caldera Engineering and 

Metso) separate the throttling function from the energy-dissipation function. They use 
sacrificial ceramic choke tubes and blast spools where the supersonic multi-phase jet 
expands safely into a larger chamber away from the primary valve body. 

https://task34.ieabioenergy.com/htl-explained/


2. Slurry Hydrocracking & Ebullated-Bed Resid Upgrading 

●​ The Process: Technologies like H-Oil, LC-Fining, and Eni’s Slurry Phase Distillation (EST) upgrade the 
heaviest bottom-of-the-barrel crude oils and vacuum residues. They operate between 400°C and 
450°C at 150 to 200 bar, with fine, suspended solid metal catalysts (molybdenum sulfides) and 
heavy bitumens. 

●​ The Challenge: Effluent letdown from the Hot High-Pressure Separator (HHPS) must drop 150+ bar 
while preventing hydrogen outgassing/flashing from blasting entrained catalyst fines against valve 
walls. 

●​ The Proven Solution: 
○​ Tungsten Carbide (WC-Co) trim coatings and solid-carbide plugs/seats became the 

standard, delivering months of continuous run-length. 
○​ High-recovery control valves use multi-stage pressure letdown cages (e.g., Fisher/Emerson, 

CCI/IMI). These divide a 150-bar drop into 4 to 6 separate tortuous drops, keeping localized 
pressures above the vapor point until the stream reaches designated low-velocity recovery 
zones. 

3. Direct Coal Liquefaction (DCL) 

●​ The Process: Plants such as the Shenhua DCL facility in China convert pulverized coal slurries into 
synthetic crude under conditions exceeding 450°C and 170 to 200 bar. 

●​ The Challenge: This is considered the absolute harshest slurry service in industrial history. The fluid 
carries 30%–40% unreacted, razor-sharp coal minerals, silica, ash, and heavy pitch. Early pilot 
facilities experienced valve failure within tens of operating hours. 

●​ The Proven Solution: 
○​ Tandem/Dual-valve train configurations: Plants install two or three identical severe-service 

letdown loops running in parallel with automated block valves. When ultrasound or flow 
sensors detect the onset of trim erosion in one line, the supervisory control system ramps up 
the standby loop and takes the primary valve offline for replacement without halting the plant. 

○​ Swept-angle valve geometries: Flow paths are engineered with smooth 90-degree sweeps 
rather than tortuous globe paths, ensuring that fluid momentum directs abrasive particles 
down the center axis of the downstream pipe rather than impinging on metal walls. 

What Does This Mean for Hydrothermal Recyclers? 

Hydrothermal recyclers like Aduro do not need to invent high-pressure slurry letdown systems from 
scratch. Off-the-shelf, battle-tested solutions already exist in hydrometallurgy and heavy refining: 

●​ Lower Metallurgy Burden than HPAL: Aduro operates in an alkaline-to-mildly-acidic aqueous 
environment rather than the concentrated hot sulfuric acid of nickel autoclaves. This makes exotic 
solid titanium or tantalum housings unnecessary—standard nickel alloys (Inconel, Hastelloy) or 
coated stainless steels are sufficient. 

●​ The One Unique Trap: Unlike coal or mining ores, plastics melt and resolidify. If the letdown 
system cools too fast across the valve via Joule-Thomson expansion or unheated spools, the heavy 
waxes can freeze and gum up the fine flow paths of multi-stage cages. 

Consequently, hydrothermal plants favor single-stage ceramic angle valves with heated jackets and 
downstream blast tubes (the mining approach) rather than complex, tight-tolerance labyrinth cages (the 
refining approach). The core challenge is not metallurgical invention, but specifying the right established 



severe-service hardware from Day 1. 

Sources 

1.​ Letdown System - Caldera Engineering 
 

https://calderaengineering.com/caldera-products/letdown-system/
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