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With core advantages of closed integration, low pollution, high efficiency and controllable energy consumption, three-in-one equipment has been deeply applied in multiple industrial fields featuring high added value, high purity, and stringent requirements for environment and safety. Its core application fields and specific scenarios are as follows:
I. Pharmaceutical Industry (Core Application Field)
1.Sterile API Production: Such as β-lactam antibiotics, carbapenem drugs, and hormonal APIs. The equipment must comply with GMP/FDA/EMA certifications and meet OEB4 closed system standards, achieving zero leakage of organic solvents and zero dust emission. It completes the entire process of feeding-filtration-washing-drying-discharging in a single closed container, avoiding cross-contamination during material transfer.
2.Traditional Chinese Medicine (TCM) Extract Processing: For materials like TCM extract powder and botanical extracts, it realizes low-temperature vacuum drying to retain the activity of active ingredients, while reducing solvent residues to below 50 ppm.
3.Pharmaceutical Excipient Preparation: Such as purification of microcrystalline cellulose, lactose and other excipients. Multi-stage washing is adopted to improve purity and meet pharmaceutical standards.
II. Fine Chemical Industry
1.Pesticide Intermediates: Such as herbicide and insecticide intermediates. It is suitable for strongly acidic, strongly alkaline and corrosive materials, adopting titanium/double-phase steel materials. It supports multiple displacement washing to reduce impurity content and improve product yield.
2.Dyestuffs and Pigments: Such as phthalocyanine dyes and organic pigments. Precise control of drying temperature and stirring speed ensures uniform particle size of powder, prevents caking, and meets application requirements of high-end coatings and inks.
3.Specialty Chemicals: Such as catalysts, flame retardants and electronic-grade chemicals. It requires high-cleanliness operation to prevent the introduction of metal ion impurities, and the purity of dried products can reach over 99.9%.
III. New Energy Materials Industry (High-growth Application Field)
1. Lithium Battery Cathode Materials: Such as ternary materials (NCM) and lithium iron phosphate. High-cleanliness design reduces impurities like iron and copper; drying temperature is precisely controlled within ±1℃ to ensure electrochemical performance of materials. Nitrogen-protected drying can stably control the oxygen content of products within 0.15%-0.25%.
2.Solid-state Battery Electrolytes: For oxide and sulfide electrolyte powders, it realizes washing and drying in a closed low-oxygen environment, avoiding reaction of electrolytes with air and ensuring product stability.
3.Photovoltaic Materials: Such as treatment of by-products from polysilicon purification, and washing and drying of photovoltaic silver paste precursors, meeting the stringent requirements of the photovoltaic industry for high purity and low impurities.
IV. Polymer Materials Industry
1.Engineering Plastics: Such as high-performance resin powders including PEEK, PA12 and PEN. Closed operation prevents oxidation and moisture absorption; the stirring system ensures powder fluidity; solvent residues are controlled below 10 ppm, suitable for 3D printing, high-end coatings and other fields.
2.Functional Polymers: Such as ion exchange resins and polymer flocculants. Unreacted monomers are removed through multiple washing; the pore structure of resins is maintained after drying to improve adsorption performance.
V. Food and Environmental Protection Industry
3.Food Deep Processing: Such as purification of vegetable protein, probiotic powder and functional dietary fiber. Low-temperature vacuum drying retains nutrients; fully closed operation complies with food-grade hygiene standards.
4.Environmental Hazardous Waste Treatment: Such as volume reduction treatment of chemical hazardous waste and spraying waste. Organic solvents are recovered through filtration and washing; the volume of solid waste is reduced after drying to realize resource utilization. It can also be used for deep dehydration and drying of sludge in industrial wastewater treatment.
VI. High-precision Fields Such as Hydrogen Energy and Semiconductors (Emerging Expansion Fields)
1.Hydrogen Energy Industry: Purification and drying of high-purity hydrogen for fuel cells. It is required to remove trace moisture and particles (particle size < 0.1 μm), ensuring hydrogen purity reaches over 99.999% to meet fuel cell operation requirements.
2.Semiconductor Materials: Such as purification of photoresist raw materials and electronic-grade cleaning agents. High-cleanliness (Class 100) and corrosion-resistant design avoids particle contamination, supporting semiconductor chip manufacturing processes.
Selection Comparison Table of Three-in-One Equipment for Different Application Fields
	Selection Dimension
	Pharmaceutical Industry Sterile APIs
	Fine Chemical Industry Pesticides & Dyestuffs
	New Energy Materials Industry Lithium Battery Cathodes
	Food Industry Functional Ingredients
	Semiconductor & Hydrogen Energy High-purity Materials

	Core Materials
	316L stainless steel (mirror finish Ra≤0.4), sterile-grade sealing
	Titanium/double-phase steel/Hastelloy, glass-lined
	316L/titanium alloy, resistant to electrolyte corrosion
	Food-grade 304/316L, residue-free design
	High-purity 316L + PTFE coating, zero-precipitation materials

	Filtration Medium
	Multi-layer sintered mesh (1–5μm), metal bellows seal
	Sintered titanium/ceramic filter elements, acid and alkali resistant
	Basket-type sintered mesh, filtration efficiency ≥95%
	Food-grade polypropylene filter membrane, sterilizable
	Nano-ceramic membrane (0.01–0.1μm), Class 100 cleanliness

	Stirring System
	Full-cavity paddle, double-end dry mechanical seal, liftable
	Anchor/ribbon type, wear-resistant, variable frequency speed regulation
	Scraper-equipped stirring, nitrogen protection, anti-oxidation
	Frame-type paddle, food-grade lubrication, leak-free
	Magnetic coupling stirring, zero leakage, low particle generation

	Drying Method
	Vacuum + jacket heating, low-temperature drying ≤60℃
	Vacuum/hot air, adjustable temperature 80–120℃
	Vacuum + nitrogen purging, oxygen content ≤0.2%
	Vacuum low-temperature ≤50℃, retains activity
	Vacuum + ultra-clean hot air, dew point ≤-70℃

	Containment Level
	OEB4, leakage rate ≤0.0013bar/min
	OEB3, zero solvent leakage
	OEB3, positive pressure 0.02–0.05MPa
	Sanitary-grade seal, 100% CIP coverage
	OEB5, fully closed + online leak detection

	Key Control Parameters
	Temperature ±0.5℃, vacuum degree ≤1kPa, batch fluctuation ≤±2%
	Temperature ±1℃, precise control of washing liquid dosage
	Moisture content ≤0.1%, impurity removal rate ≥99%
	Moisture ≤5%, total bacterial count ≤10CFU/g
	Particle size ≤0.1μm, purity ≥99.999%

	Special Configurations
	CIP/SIP, sterile sampling, PLC compliant with GAMP5
	Multi-stage displacement washing, explosion-proof design, solvent recovery
	Online oxygen content analysis, automatic slurry washing
	Online foreign matter detection, material traceability
	Online particle counter, high-purity gas purification system

	Compliance Standards
	GMP/FDA/EMA, OEB4, sterility validation
	ATEX explosion-proof, environmental emission ≤30mg/m³
	GB/T 30038, lithium battery material industry standard
	GB 16798, food contact material standard
	SEMI F47, ISO 14687-2 (hydrogen energy)

	Typical Models
	Sterile cylinder-cone type (500L–5m³)
	Corrosion-resistant closed type (1–10m³)
	High-cleanliness customized type (2–8m³)
	Sanitary compact type (0.5–3m³)
	Ultra-high-purity customized type (0.1–2m³)


Key Points for Equipment Selection
1.Material Matching: For corrosive materials, prioritize titanium/glass-lined materials; for sterile scenarios, 316L mirror finish + sterile sealing is mandatory; for high-purity scenarios, zero-precipitation materials are required.
2. Filtration Precision: 1–5μm for APIs, 5–10μm for lithium battery materials, and nanoscale filtration for semiconductors.
3.Drying Efficiency: Select vacuum low-temperature drying for heat-sensitive materials; add nitrogen protection for oxidation-prone materials; adopt ultra-low dew point drying for high-purity materials.
4.Compliance Adaptation: Pharmaceutical applications require CIP/SIP and GMP validation; chemical applications require explosion-proof and solvent recovery functions; food applications require sanitary design and traceability.
Procurement and Selection Reference
	Process Scale & Batch Volume
	Material Characteristics Corrosiveness/Oxidizability
	Target Final Moisture Content
	Recommended Model
	Core Configuration
	Suitable Industry
	Compliance Standards

	Lab-scale Pilot Test 50L–200L
	Weakly corrosive (e.g., TCM extracts, food ingredients)
	≤5%
	JG-50/200 Sanitary Compact Type
	1. Material: Food-grade 304 stainless steel (inner wall Ra≤0.8)2. Filtration medium: Polypropylene filter membrane (5μm)3. Stirring: Frame-type paddle, variable frequency speed regulation (0–60r/min)4. Drying: Vacuum low-temperature (≤50℃), dead-angle-free heating5. Auxiliary: Manual discharging, simple cleaning system
	Food (probiotic powder, dietary fiber), TCM extracts
	GB 16798 (food contact materials)

	Pilot-scale Expansion 300L–800L
	Moderately corrosive (e.g., pesticide intermediates, dyestuffs)
	≤1%
	SY-300/800 Corrosion-resistant Closed Type
	1. Material: Duplex steel 2205 (acid and alkali resistant)2. Filtration medium: Sintered titanium filter element (10μm)3. Stirring: Anchor-type with scraper, explosion-proof variable frequency motor4. Drying: Vacuum + jacket heating (80–120℃ adjustable)5. Auxiliary: Solvent recovery module, online washing liquid metering
	Fine chemicals (pesticides, dyestuff intermediates)
	ATEX explosion-proof, environmental emission ≤30mg/m³

	Large-scale Production 1m³–5m³
	Strongly corrosive (e.g., lithium battery cathode materials, pharmaceutical intermediates)
	≤0.1%
	ZT-1/5 Sterile High-cleanliness Type
	1. Material: 316L stainless steel (mirror finish Ra≤0.4) + sterile-grade metal bellows seal2. Filtration medium: Multi-layer sintered mesh (1–5μm), basket-type structure3. Stirring: Full-cavity liftable paddle, double-end dry mechanical seal4. Drying: Vacuum + nitrogen protection (oxygen content ≤0.2%), temperature precisely controlled at ±0.5℃5. Auxiliary: CIP/SIP online cleaning and sterilization, PLC control system (compliant with GAMP5)
	Pharmaceuticals (sterile APIs), new energy (ternary materials/lithium iron phosphate)
	GMP/FDA/EMA, OEB4 containment

	Ultra-large Capacity 8m³–15m³
	Strongly corrosive + oxidation-prone (e.g., specialty chemicals, lithium battery cathode materials)
	≤0.05%
	GD-8/15 Industrial Customized Type
	1. Material: Titanium/Hastelloy (resistant to strong acid and alkali)2. Filtration medium: Ceramic filter element (5μm), backwash regeneration function3. Stirring: Ribbon-type high-efficiency stirring, explosion-proof servo motor4. Drying: Vacuum + waste heat recovery, nitrogen circulation purging5. Auxiliary: Automatic discharging, online moisture detection, intelligent process traceability system
	Fine chemicals (large-scale intermediates), new energy (10,000-ton lithium battery production lines)
	GB/T 30038 (lithium battery standard), ATEX explosion-proof

	Ultra-high Purity Field 100L–500L
	Ultra-high purity + slightly corrosive (e.g., photoresist raw materials, fuel cell hydrogen purification)
	≤0.01%
	CC-100/500 Ultra-high Purity Customized Type
	1. Material: High-purity 316L + PTFE coating (zero precipitation)2. Filtration medium: Nano-ceramic membrane (0.01–0.1μm), Class 100 cleanliness3. Stirring: Magnetic coupling drive (zero leakage), low particle generation4. Drying: Vacuum + ultra-low dew point drying (dew point ≤-40℃)5. Auxiliary: Online particle counter, high-purity gas purification system
	Semiconductors (photoresist), hydrogen energy (fuel cell hydrogen)
	SEMI F47, ISO 14687-2


Supplementary Selection Recommendations
1.For heat-sensitive materials (e.g., biological agents, probiotics), an additional low-temperature cooling system should be  installed to control the drying temperature within 30–40℃.
2.For fully automated production requirements, upgrade configurations with robot discharging + MES system integration to  realize unmanned operation and data traceability.
3.For flammable and explosive materials, confirm the equipment's explosion-proof rating (Ex d IIB T4 is recommended), and  install inert gas protection interlock devices.

