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A technical analysis of polymer use in 3D concrete printing,
integration of Tesla disc pump systems for controlled
extrusion, and the design of a continuous manufacturing
line for polymer modified structural foam blocks with mesh
reinforcement and HDPE overcoating and detailing
extrusion nozzle structure, temperature control zones,
polymer and accelerator dosing, water quality requirements,
system cleaning procedures, and estimated material cost
per cubic yard.



Continouous Fabrication of 3D Printed Ferrocement Blocks with HDPE Outer Coatings for Marine Hulls

Modern 3D concrete printing is not simply cement and water extruded through a nozzle. It is a chemically tuned rheology system combining superplasticizers, viscosity modifiers, accelerators, and
reinforcement strategies. When paired with a Tesla disc pump driven extrusion architecture and continuous manufacturing workflow, it becomes possible to fabricate structural foam core blocks with
mesh reinforcement, accelerated curing shells, and protective HDPE outer coatings in a scalable industrial process.
Introduction
Three dimensional cement printing requires precise control of rheology, early strength development, and interlayer adhesion. Traditional concrete is designed for placement and vibration. Printable
cementitious systems are designed for extrusion, immediate shape retention, and rapid structural build up.
This article examines the polymers commonly used in 3D printing mixes, explains their role in extrusion stability and curing acceleration, integrates a Tesla disc pump based delivery architecture, and
proposes a continuous manufacturing system for producing polymer modified structural foam core blocks wrapped in wire mesh, printed with a structural coating, and over sprayed with hot
plasticized HDPE.
Polymer Chemistry in 3D Concrete Printing
Cement hydration fundamentally requires water. Polymers do not replace water but modify particle dispersion, viscosity, and microstructure formation.
Polycarboxylate Ether Superplasticizers
Polycarboxylate ether is the dominant superplasticizer in modern printable systems. Its electrosteric dispersion mechanism allows significant reduction of water cement ratio while maintaining
pumpability.
Benefits include:
• Reduced water content
• Higher early strength
• Improved extrusion pressure control
• Enhanced particle dispersion
In 3D printing, a low water cement ratio between 0.28 and 0.35 is typical. Polycarboxylate ether allows this without clogging or excessive pumping energy.
Viscosity Modifying Polymers
Cellulose ethers such as hydroxypropyl methylcellulose and hydroxyethyl methylcellulose are critical for buildability.
These polymers provide:
• Increased yield stress
• Thixotropic rebuild after shear
• Slump resistance
• Reduced segregation
The material behaves as shear thinning fluid inside the pump and nozzle, but rapidly rebuilds viscosity after deposition. This property is essential for stacking layers without collapse.
Redispersible Polymer Powders and Latex
Styrene butadiene rubber and ethylene vinyl acetate improve tensile performance and interlayer adhesion. Because 3D printed layers are not vibrated, cold joints can reduce structural integrity.
Polymer modification enhances cohesion between passes.
Accelerators
Sodium silicate and calcium aluminate based accelerators are used to increase early structural strength. In some systems, accelerator injection occurs at the nozzle to trigger rapid stiffening.
Polymers stabilize the mixture. Accelerators drive early strength gain. Both are required for reliable vertical build.
Integration of Tesla Disc Pump Architecture
A Tesla disc pump is a boundary layer driven pump that uses smooth rotating discs rather than impellers. It provides:
• Low shear bulk movement
• Reduced aggregate degradation
• Smooth flow without pulsation
• High efficiency at moderate pressures
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Hybrid Tesla Disc Pump 3D Concrete Printing System Design, Nozzle Engineering, Water
Chemistry, Cleaning Protocols, and Cost per Cubic Yard

Advanced 3D concrete printing requires more than a pump and a nozzle. It is a synchronized system where rheology
modifiers, accelerators, thermal control, and fluid dynamics converge at the extrusion head. When integrated with a
Tesla disc pump architecture, this system enables stable deposition, rapid structural build, and scalable hybrid
manufacturing. This article details the engineering of the extrusion nozzle, mixing zones, water chemistry, maintenance
protocols, and cost per cubic yard for a polymer modified printable mix.
Introduction
Three dimensional cement printing depends on precise control of material state at each stage of delivery. The mixture
must flow efficiently through the pumping system, maintain stability under shear, and rapidly regain yield strength after
deposition. When combined with accelerators and temperature control, early structural strength can be tuned within
minutes.
This article defines the architecture of a hybrid Tesla disc pump based 3D printing system, including extrusion nozzle
design, temperature management, polymer and accelerator injection strategy, water selection, system cleaning
requirements, and a material cost model per cubic yard.
System Architecture Overview
The hybrid system consists of:
1. Primary batch or continuous mixer
2. Polymer dosing manifold
3. Tesla disc pump transport stage
4. Temperature controlled delivery line
5. Inline accelerator injection module
6. Engineered extrusion nozzle
7. Deposition and curing zone
Each stage is designed to maintain rheological control while preventing premature setting inside the system.
Polymer Integration and Mixing Location
Polymers are introduced upstream in the primary mixing stage.
Polycarboxylate Ether
Added with the mixing water. It must be dispersed before cement addition to maximize particle dispersion.
Cellulose Ether Viscosity Modifiers
Pre blended dry into cementitious powder or dispersed in water under high shear. Uniform hydration is critical to avoid
clumping.
Redispersible Polymer Powder
Dry blended with cement and fine aggregates prior to water introduction.
The polymer system is never injected at the nozzle. It must be fully homogenized before entering the Tesla disc pump
to maintain consistent rheology.
Tesla Disc Pump Role in Rheology Control
The Tesla disc pump transports material using boundary layer drag between smooth rotating discs.
Advantages in this application include:
• Reduced pulsation compared to piston pumps
• Lower aggregate attrition
• Controlled shear environment
• Stable volumetric flow
Inside the disc pack, the mixture experiences moderate shear which temporarily lowers viscosity due to shear thinning
behavior. This enhances pumpability while maintaining low water cement ratio.
Extrusion Nozzle Structure
The extrusion nozzle is a multi stage assembly designed to manage pressure, mixing, temperature, and deposition
geometry.
Nozzle Section 1 Pressure Stabilization Chamber
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Hybrid Tesla Disc Pump 3D Concrete Printing System Design, Nozzle Engineering, Water Chemistry, Cleaning
Protocols, and Cost per Cubic Yard

Advanced 3D concrete printing requires more than a pump and a nozzle. It is a synchronized system where rheology modifiers, accelerators, thermal control, and fluid dynamics converge at the
extrusion head. When integrated with a Tesla disc pump architecture, this system enables stable deposition, rapid structural build, and scalable hybrid manufacturing. This article details the
engineering of the extrusion nozzle, mixing zones, water chemistry, maintenance protocols, and cost per cubic yard for a polymer modified printable mix.
Introduction
Three dimensional cement printing depends on precise control of material state at each stage of delivery. The mixture must flow efficiently through the pumping system, maintain stability under shear,
and rapidly regain yield strength after deposition. When combined with accelerators and temperature control, early structural strength can be tuned within minutes.
This article defines the architecture of a hybrid Tesla disc pump based 3D printing system, including extrusion nozzle design, temperature management, polymer and accelerator injection strategy,
water selection, system cleaning requirements, and a material cost model per cubic yard.
System Architecture Overview
The hybrid system consists of:
1. Primary batch or continuous mixer
2. Polymer dosing manifold
3. Tesla disc pump transport stage
4. Temperature controlled delivery line
5. Inline accelerator injection module
6. Engineered extrusion nozzle
7. Deposition and curing zone
Each stage is designed to maintain rheological control while preventing premature setting inside the system.
Polymer Integration and Mixing Location
Polymers are introduced upstream in the primary mixing stage.
Polycarboxylate Ether
Added with the mixing water. It must be dispersed before cement addition to maximize particle dispersion.
Cellulose Ether Viscosity Modifiers
Pre blended dry into cementitious powder or dispersed in water under high shear. Uniform hydration is critical to avoid clumping.
Redispersible Polymer Powder
Dry blended with cement and fine aggregates prior to water introduction.
The polymer system is never injected at the nozzle. It must be fully homogenized before entering the Tesla disc pump to maintain consistent rheology.
Tesla Disc Pump Role in Rheology Control
The Tesla disc pump transports material using boundary layer drag between smooth rotating discs.
Advantages in this application include:
• Reduced pulsation compared to piston pumps
• Lower aggregate attrition
• Controlled shear environment
• Stable volumetric flow
Inside the disc pack, the mixture experiences moderate shear which temporarily lowers viscosity due to shear thinning behavior. This enhances pumpability while maintaining low water cement ratio.
Extrusion Nozzle Structure
The extrusion nozzle is a multi stage assembly designed to manage pressure, mixing, temperature, and deposition geometry.
Nozzle Section 1 Pressure Stabilization Chamber
Located immediately after the pump discharge.
Equalizes flow fluctuations and reduces pressure spikes.
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Comprehensive Parts List and Engineering Description of a Hybrid Tesla Disc Pump 3D Concrete Printing
System

Industrial scale 3D concrete printing is a coordinated system of material science, fluid dynamics, mechanical design, and automation. From raw material handling and polymer dosing to Tesla disc
pumping, nozzle engineering, curing control, and automated cleaning, every subsystem must be precisely integrated. This article provides a detailed parts list and functional description of a complete
hybrid 3D concrete printing platform.
Introduction
A high performance 3D concrete printing system is not a single machine but a coordinated manufacturing line. It includes material storage, controlled mixing, polymer integration, precision pumping,
accelerator dosing, thermal control, robotic positioning, curing management, and automated cleaning.
Below is an extensive breakdown of the system organized by functional subsystems.
1. Raw Material Handling System
Cement Storage Silo
Steel or aluminum silo with aeration pads
Dust collection filter system
Load cells for weight measurement
Supplementary Cementitious Material Silo
Dedicated storage for fly ash, slag, or silica fume
Metered screw discharge
Fine Aggregate Hopper
Moisture sensor integrated
Vibratory discharge feeder
Polymer Storage Tanks
Polycarboxylate ether liquid tank
Agitated to prevent separation
Level sensor and temperature monitor
Cellulose Ether Dry Storage Bin
Sealed humidity controlled hopper
Loss in weight feeder
Accelerator Storage Tank
Calcium aluminate or sodium silicate tank
Corrosion resistant lining
Metered dosing pump
Water Supply System
Potable water inlet
Inline filtration
Flow meter
Temperature control heat exchanger
2. Metering and Dosing System
Screw Feeders
Variable frequency controlled
High precision dosing for powders
Peristaltic or Diaphragm Pumps
Used for polymer liquids and accelerator injection
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Types of Cement Used in 3D Concrete Printing and Their Engineering Advantages

Cement selection in 3D printing is not interchangeable. Each cement chemistry influences rheology, early strength
development, interlayer bonding, shrinkage behavior, and long term durability. This article provides a comprehensive
list of cement types used in additive construction and explains the functional benefits of each within a controlled
extrusion environment.
Introduction
In 3D concrete printing, cement chemistry must support low water content, high early strength, thixotropic rebuild, and
dimensional stability without vibration. Traditional ready mix formulations are not optimized for these constraints.
Below is a structured list of cement types used in additive manufacturing, along with their technical benefits and
limitations.
1. Ordinary Portland Cement Type I
Description
Standard general purpose cement composed primarily of calcium silicates.
Benefits
• Widely available and cost effective
• Predictable hydration behavior
• Compatible with polymer modifiers and superplasticizers
• Good long term compressive strength
Considerations
• Moderate early strength
• Requires accelerator for rapid build applications
Typical Use
Baseline binder for most printable mixes.
2. Portland Cement Type III High Early Strength
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Pump Technologies for 3D Concrete Printing Systems: Types, Advantages, and Inherent Limitations

In 3D concrete printing, the pump is not simply a transport device. It defines shear environment, pressure stability,
flow accuracy, and maintenance burden. Selecting the correct pump architecture determines extrusion consistency,
accelerator integration, and overall system reliability. This article provides a structured analysis of pump types used in
additive cement manufacturing, including their advantages and inherent limitations.
Introduction
Printable cementitious materials are dense, abrasive, shear sensitive, and often thixotropic. Pump selection must
account for:
• Low water content
• Polymer modified rheology
• Abrasive fines
• Accelerator injection timing
• Pulsation sensitivity at the nozzle
Below is a detailed breakdown of pump types suitable for 3D concrete printing systems.
1. Piston Pump
Description
Reciprocating hydraulic piston drives concrete through cylinders and check valves. Common in traditional concrete
pumping.
Advantages
• High pressure capability
• Handles coarse aggregates
• Proven durability in heavy construction
• Suitable for long distance pumping
Inherencies and Limitations
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Patents for 3D Concrete Printing

Below is a chronological spine of patents that underpin 3D printing with cementitious and concrete-like materials, going back as far as I can credibly trace in public patent databases. It starts with
layered wall extrusion (pre-3D-printing), then the early binder-jet 3D printing patents (which later enabled cement and sand-based binder-jet construction), then cementitious binder systems for 3DP,
and then construction-scale extrusion (Contour Crafting and related), plus a few recent reinforced-concrete/nozzle inventions.

1) Precursor: layered wall extrusion using cementitious or solidifiable material (pre-digital)
These are not 3D printing in the modern CAD-driven sense, but they are layer-wise wall deposition machines that read like direct ancestors of extrusion-based construction printing.
• US2339892A (1944) — •Machine for building walls• (William E. Urschel). Layer/course deposition of a solidifiable material in strip form for wall formation. ([Google Patents][1])

2) Foundational 3D printing (binder jet) patents that can use cementitious powders
These are the root patents for powder-bed + liquid binder style 3D printing (binder jetting). They are not concrete house printing patents per se, but they are directly relevant because cementitious
powders and sands can be used as the powder bed, and later patents explicitly build cement systems on top of this method.
• US5204055A (1993) — •Three-dimensional printing techniques• (MIT/Sachs family). Powder layers + selectively jetted binder. ([Google Patents][2])
• US5387380A (1995) — •Three-dimensional printing techniques• (continuations/related improvements in the same family). ([Google Patents][3])
• US5902441A (1999) — •Method of three dimensional printing• (binder-jet method; references early 3DP technique). ([Google Patents][4])
• US6259962B1 (2001) — •Apparatus and method for three dimensional model printing• (core 3DP platform; widely cited in later cement/binder systems). ([Google Patents][5])

3) Cementitious binder systems for powder-bed 3D printing (cement, phosphate cement, aluminate cement)
This is where patents become explicitly about cement systems that can be printed via powder-bed/binder methods (important for printed stone, cementitious parts, and some construction-scale
binder-jet concepts).
• US20050046067A1 (2005 pub.) — •Inorganic phosphate cement compositions for solid freeform fabrication• (cement formed by ink-jetted aqueous liquid hydrating particulate blend). ([Google
Patents][6])
• US7435367B2 (2008) — •Cement system including a binder for use in freeform fabrication• (binder chemistry for cement in freeform fabrication). ([Google Patents][7])
• US7258736B2 (2007) — •Calcium aluminate cement compositions for solid freeform fabrication• (fast-setting cement family for 3DP). ([Google Patents][8])

4) Construction-scale extrusion printing: Contour Crafting core patents (gantry, nozzles, deployable systems)
These are the cornerstone patents for extrusion-based building construction printing (layered mortar/concrete walls) in the modern sense.
• US7153454B2 (2006) — •Multi-nozzle assembly for extrusion of wall• (key wall-extrusion/nozzle architecture). ([Google Patents][9])
• US7814937B2 (2010) — •Deployable contour crafting• (vehicle-deployable gantry system for on-site build). ([Google Patents][10])
• US7641461B2 (2010) — •Robotic systems for automated construction• (gantry/robotic platform + nozzle assembly concepts). ([Google Patents][11])
• US8029710B2 (2011) — •Gantry robotics system and related material transport for contour crafting• (lightweight stiff gantry + delivery/transport). ([Google Patents][12])
• US8801415B2 (2014) — •Contour crafting extrusion nozzles• (nozzle designs for depositing construction material against vertical surfaces, etc.). ([Google Patents][13])

5) Broader additive manufacturing of buildings/structures patents (various assignees)
These tend to be broader, sometimes covering systems, workflows, reinforcement strategies, or platform architectures.
• US20160263822A1 (2016 pub.) — •Additive manufacturing of building and other structures• (broad building-scale AM). ([Google Patents][14])
• US10486330B2 (2019/2020 grant) — •Method of reinforced cementitious construction…• (automated reinforced cementitious construction; cites Khoshnevis/Contour Crafting prior art). ([Google
Patents][15])

6) Reinforced-concrete-in-nozzle and modern nozzle integration patents
These address a key industry challenge: how to integrate reinforcement (continuous members) with extrusion.
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Selection of Patents for Concrete 3D Printing

Concrete construction printing related patents and closely adjacent
construction-scale extrusion patents, spanning early mechanized
concrete forming through modern construction 3D printing.
Patent number and title only:
1. US2435052A  Apparatus and method for molding circular
concrete tanks ([Google Patents][1])
2. US2506716A  Traveling mold ([Google Patents][2])
3. US3016595A  Movable arc form and building method ([Google
Patents][3])
4. US5529471A  Additive fabrication apparatus and method
([Google Patents][4])
5. US7153454B2  Multi-nozzle assembly for extrusion of wall
([Google Patents][5])
6. US7641461B2  Robotic systems for automated construction
([Google Patents][6])
7. US7814937B2  Deployable contour crafting ([Google Patents][7])
8. US8029710B2  Gantry robotics system and related material
transport for contour crafting ([Google Patents][8])
9. US8801415B2  Contour crafting extrusion nozzles ([Google
Patents][9])
10. US20100257792A1  Contour crafting extrusion nozzles ([Google
Patents][10])
11. US7874825  Nozzle for forming an extruded wall with rib-like
interior ([Google Patents][11])
12. EP3147269A1  3d printing of construction elements and
buildings with bct cement ([Google Patents][12])
13. EP3501769A1  Method of vertical forming of a concrete wall
structure and apparatus therefor ([Google Patents][13])
14. AT520143A1  Nozzle for concrete, mortar or the like and their
use ([Google Patents][14])
15. EP3431172A1  Nozzle for concrete, mortar or similar and its use
([Google Patents][15])
16. CN109650825A  A kind of concrete and its preparation method



and application ([Google Patents][16])
17. WO2019030255A1  Method for the 3D printing of mineral binder
compositions ([Google Patents][17])
18. WO2018083010A1  Multi-component mortar system ([Google
Patents][18])
19. WO2020016768A1  Cementitious mixture for a 3d printer and
relative use in said printer ([Google Patents][19])
20. WO2020152542A1  Method for building construction using
three-dimensional printer ([Google Patents][20])
21. WO2021195375A1  Three-dimensional printing of reinforced
concrete and nozzle therefor ([Google Patents][21])
22. WO2011021080A2  Method and apparatus for quick production
of a conglomerate building structure ([Google Patents][22])
23. US11511478B2  Additive manufacturing of shaped bodies from
curable materials ([Google Patents][23])
24. US12037500B2  Composition and production method for 3D
printing construction material ([Google Patents][24])
25. EP4151408A1  Dry cementitious material mixture for 3d-printing
([Google Patents][15])
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Selection of Patents for Concrete 3D Printing Pumps

Below is a concrete pumping patent list (patent number + title only). I focused on actual concrete pump machinery
(pumping apparatus, hopper/valve systems like S-tube/rock valve, booms, truck-mounted pump systems,
monitoring/control, wear parts). Each item is backed by the web sources pulled above.
1. US3398693A — Concrete pumping apparatus ([Google Patents][1])
2. US4036564A — Concrete pumping apparatus ([Google Patents][2])
3. US4455921A — Piston-type concrete pump ([Google Patents][3])
4. US6305916B1 — Concrete pump with pivotable hopper assembly ([Google Patents][4])
5. US20040071575A1 — Concrete pump with S-tube valve assembly with retainer ring for spring ([Google Patents][5])
6. US6821097B2 — Concrete pump with S-tube valve assembly with wear ring-spring-retainer ring construction
([Google Patents][6])
7. EP0971126A1 — Actuation of the S-valve of a concrete pump prior to reversal of the pumping cylinders ([Google
Patents][7])
8. JP3145488B2 — Concrete pump S-type gate valve sliding surface contact device ([Google Patents][8])
9. DE3030005A1 — Concrete pump with two pump cylinders ([Google Patents][9])
10. US4979884A — Multi-cylinder pump for heavy flowable materials ([Google Patents][10])
11. US5064360A — Surge chamber for swing valve grout pumps ([Google Patents][11])
12. US5332366A — Concrete pump monitoring system ([Google Patents][12])
13. CA2113589A1 — Concrete pump monitoring system ([Google Patents][13])
14. US6375432B1 — Pipeline air pocket detection system ([Google Patents][14])
15. US6675822B1 — Concrete distributing boom for concrete pumps ([Google Patents][15])
16. US20140096853A1 — Distributing boom for concrete pumps ([Google Patents][16])
17. US6823888B2 — Telescopic boom-mounted concrete pump apparatus ([Google Patents][17])
18. EP0838563A1 — Concrete pump boom ([Google Patents][18])
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Pump Only

Verified pump-only list (numbers + titles) focused on the pumping unit itself: piston/cylinder pumping, S-valve / swing-
tube / spectacle plate flow switching, hoppers, sealing/wear, and thick-matter (concrete) pump architectures.
Excluded booms and distribution masts.
Concrete pump patents (pump-only) — verified set
1. US3398693A — Concrete pumping apparatus ([Google Patents][1])
2. US4046166A — Reciprocating valve for a double piston concrete pump ([Google Patents][2])
3. US4455921A — Piston-type concrete pump ([Google Patents][3])
4. US20100260625A1 — Concrete pump ([Google Patents][4])
5. US20040071575A1 — Concrete pump with S-tube valve assembly with retainer ring for spring ([Google Patents][5])
6. US6116865A — Water box for a thick matter piston pump having two sides of the water box ([Google Patents][6])
7. US5180294A — Concrete pump having pressurized seal for swing tube ([Google Patents][7])
8. US5064360A — Surge chamber for swing valve grout pumps ([Google Patents][8])
9. US4382752A — Twin-cylinder pump, in particular for pumping thick liquids ([Google Patents][9])
10. US3963385A — Valve assembly for concrete pumps ([Google Patents][10])
11. US4614483A — Device for sealing a concrete pump ([Google Patents][11])
12. US4198193A — Automatic wear compensation apparatus for concrete pumping hopper apparatus ([Google
Patents][11])
13. US6450779B1 — Two-cylinder thick matter pump ([Google Patents][12])
14. EP0971126A1 — Actuation of the S-valve of a concrete pump prior to completion of piston stroke ([Google
Patents][13])
15. EP0971127A1 — Piston speed modulation for a concrete pump ([Google Patents][14])
16. JP3145488B2 — Concrete pump S type gate valve sliding surface close contact device ([Google Patents][15])
17. JPH0754769A — Swing valve for concrete pump ([Google Patents][16])
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