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TMSR-SF will be a  energy solution 
for Northwest Area of 胡焕庸 line
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A doubling to 
quadrupling of 
nuclear energy 

output is required 
in the next few 

decades, along with 
a large expansion 

of renewable 
energy---.





Molten Salt Reactor
Suitable for  generate electricity, comprehensive utilization and modular design

 Th utilization：Physical�features�applicable�for�Th fuel

 Online refueling：Refueling�and�reprocessing�of�fuel

 Inherent safety：Intrinsic�safety�features,�can�be�built�

underground

 Water-free cooling：Applicable�for�inland�arid�area

Outlet�
temperature

(℃)

Pressure
(atm)

Heat�
Capacity
(kJ/m3℃)

Compatibility

Li2BeF4 1000 ～2 4670 Good

Water 320 ～150 4040* Excellent

Na 545 ～2 1040 Medium

He2 1000 ～70 20* Excellent

Excellent properties of MSR coolant

*@75 atm



Thermal region Fast region

Liquid 
sodium

Resonance
(super thermal) region

Molten salt Possible Th232/U233
methods

only fast neutron
is suitable to

U238/Pu239

Liquid
lead

Th232/U233 and U238/Pu239 fuel cycles

Mean released neutron 

number per fission 

 = 2 is the required 

condition for a sustain 

reactor
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Early Efforts for MSR in China
1970 ‐ 1971, SINAP built a 
zero‐power (cold) MSR. 

1972 ‐ 1973, SINAP built a 
zero‐power LWR.

1970~1975, in SINAP about 400 scientists and engineers studied on the 
nuclear power plant. the�original�goal�is�to�build�25�MWe TMSR�
1972‐1975, the goal was changed to the Qinshan 300 MWe (Qinshan NPP‐I), 
which has been operating since 1991.

Ⅰ- core
Ⅱ- reflector
Ⅱ’- reflector cover
Ⅲ- protection wall
S- neutron source

(100mCi Ra-Be)

1-2- safety rod
3- regulating rod
4- shim rod

5-6- backup safety rod
7-8-9- BF3 neutron 

counter
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TMSR Project (Chinese Academy of Sciences)

中文名称：钍基熔盐堆核能系统

英文名称：Thorium Molten Salt Reactor 

Nuclear Energy System   

Abbr.    ：TMSR

Aims     ：Develop Th-Energy,   Non-electric 

application  of Nuclear Energy based on TMSR 

during coming 20-30 years.



Long Term Strategy 

TMSR Reactors and Applications

TMSR-SF(Solid-Fuel):�Optimized�for�high-temperature�based�
hybrid�nuclear�energy�application.

TMSR-LF(Liquid-Fuel):�Optimized�for�utilization�of�Th�with�
Pyroprocess.

Th Energy：
Long-Term�Supply�

of�Nuclear�Fuel

MSR：
Elevated�Safety
Efficiency
Nonproliferation



TMSR Schedules



International and Domestic Collaborations

Team & Collaboration

中国科学院
先进核能创新研究院

TEAMS: Staffs ～600; Graduate students ～200 13



TMSR Technologies R&D
 Fuel fabrication and spent fuel management: Unrealized online fuel salt

reprocessing, technology of pyroprocessing.

 Corrosion and penetration of materials (molten salt, graphite and alloy):
Improved safety protection requirements, R&D of the first experimental
TMSR-SF and material.

 Reactor design(experimental reactor, demonstration reactor and small
modular reactor), equipment development, system integration and
validation: Based on the international science and technology level and
industrial manufacturing capacity.

 Design, safety analysis and technical standards of reactor: Lack of
knowledge accumulation results in the restricting compared to international
technology level, control and blockade of western technology leads to the
increased pressure of domestic industrial manufacturing capacity.

 High temperature application and hydrogen production: Development of
high temperature nuclear heat comprehensive utilization technology suitable
for the molten salt reactor. 14



TMSR Test Reactors
 10�MW�solid�fuel�molten�salt�test�reactor�(TMSR-

SF1)
Preliminary�engineering�design,�in�cooperation�with�

Nuclear�Power�Institute�of�China�(NPIC)�and�Shanghai�
Nuclear�Engineering�Research�&�Design�Institute�(SNERDI);
Material,�component�and�instrumentation�

development;
Simulate�reactor�for�design�verification�and�research.

 2�MW�liquid�fuel�molten�salt�test�reactor�(TMSR-LF1)
Conceptual�design�modified�to�better�match�the�

requirements�of�thorium�fuel�cycle�research�and�MSR�online�
pyro�processing�scheme�verification.



Basic design features of TMSR-SF1
 Reactor�power:�10MWth;

 Coolant�temperature:�Inlet�600C,�outlet�650C;�

 Fuel�element:�TRISO�fuel,�6cm�ball,�HTR-PM�type;

 Core:�conventional�pebble�bed;

 Passive�residual�heat�removal�by�cavity�cooling;

Materials:�N-alloy,�fine�grain�graphite,�C-C;

 Temperature�limitations:�Fuel,�<1400C;�coolant�
outlet,�<700C;

 Reactor�vessel�pressure�limitations:�<5atm.



TMSR-SF1 Schematic layout

Lower cavity

Concrete

Lower 
cavity 
cooling 
system 

Upper cavity

Steel

1st and 2nd loops

Pebble bed

Thermal insulator

Reactor vessel

Cavity heater

Control rods

Fuel load 
tube

Defueling mechanism

Carbon bricks with B



Main design parameters of SF1

Power 10 MWt
Lifetime 20 year

Operation time 100 EFPD for single batch of fuel
Average power density 4.0 MW/m3

Fuel element / abundant / 235Uload 6cm ball / 17.0% /15.6 kg
Coolant（1st loop，2nd loop） FLiBe（99.99%Li7），FLiNaK

Structure material N alloy，graphite
Reactor coolant inlet temperature 600

Reactor coolant outlet temperature 650
Vessel temperature / pressure designed 700C / 0.5MPa (abs.)

Vessel upper cover temperature designed <350
1st /2nd loop coolant flow rate 84 kg/s / 150kg/s

Cover gas / pressure Ar / 0.15MPa (abs.)



TMSR-SF1 system layout

IHX

Drain 
tank

Salt‐air HXpump

Main shielding

Drain 
tank

Reactor 
vessel



TMSR-SF1 simulate reactor (TMSR-SF0)
 Purpose
SF1�design�verification:�passive�heat�removal�capability,�

integrate�and�separate�hydraulics,�thermal�insulation�and�
temperature�control…;

SF1�design�research:�simulation�research�of�various�SF1�
events,�including�LOFC�transient;

Benchmark:�T-H�and�safty analyzing�codes…

 Training:�reactor�operation…

 Basic�feature
Size�scaling:�~1/3�of�TMSR-SF1;
Core�power:�400kW�by�electric�heating;
Coolant:�FLiNaK;
Scaling�analysis�for�important�experiments.



SF0 design parameters vs. SF1
TMSR-SF1 TMSR-SF0

Core heat power 10MW 400kW
1st loop coolant temperature 600/650C 600/650C*
1st loop coolant flow rate 84kg/s 10kg/s*
1st loop coolant FLiBe FLiNaK
1st loop pressure loss 0.2MPa @ 84kg/s 0.2MPa @ 10kg/s
Passive decay heat removal ability 200kW 12.8kW
Core height 3000mm 1200mm
Core diameter 2850mm 880mm
Active heating region: diameter 1350mm 500mm

height 1800mm 600mm
Main Vessel diameter 3050mm 1020mm
MainVessel height 7840mm 3120mm

* For different operation mode.





Overview of TMSR-LF1 conceptual design

 Efficiency�of�online�gas�removal�
is�about�70%

 Fuel�salt�batch�reprocessing:�10�L�
per�course

 Thorium�inventory�~�50�kg;�CR�
(Th-U)�~�0.1

 Validation�of�key�techniques�of�
reprocessing�flowsheet,�
fluorination�and�vacuum�
distillation

 Validation�of�Th-U�conversion�
and�online�refueling

 Design�considerations
 Investigation on operation 

stability and safety
 Test of online refueling and  

continuous gas removing 
 Testing of  online pyro‐

processing of fuel salt
 Operation with Th‐U mixed 

fuel 
 Experiment of Th‐U 

conversion



TMSR-LF1 reactor design
Core design constrains 

and principles

 U-235 enrichment�＜ 20%
 Li-7 abundance:�99.95%
 Appropriate�amount�of�Th

(verification�for�Th-U�fuel�cycle)�
 Low�excess�reactivity
 Negative�temperature�

feedback
 Simple�core�structure, easy�for�

system�integration,�control�
and�maintenance

 Uncertainty�of�physical�
parameter,�engineering�
feasibility�and�practical�ability�
of�post-processing�technology.

Reactor layout

 Reactor�core�
 Heat�transfer�system
 Pyroprocessing
 Radioactive�gas�removal�system
 Safety�system
 Auxiliary�components



A 3-step Strategy for Th-U Fuel Cycle

Step 1: batch process
• Fuel: LEU+Th
• Online refueling and removing of 
gaseous FP

• Discharge all fuel salt after 5-8 years 
• Extract U , Th and salt
• FP and MA for temporary storage

Step 2: step1 + fuel reload
• Reloading of U and Th to realize thorium 
fuel cycle

Step 3: step 2 + continuous process
• Continuous process to recycle salt, U 
and Th

• FP and MA partly separation 



Process 
Consist.

• Established a thorium fuel utilization strategy in MSRs by evaluating the 
Th-U fuel cycle performance

• Created a reprocessing flow sheet and demonstrated it in cold, lab-scale 
facilities 

Th-U Fuel 
Cycle 

System

Flow
sheet
design

Flow sheet combines on-line 
and off-line processing
- On-line for U and carrier salt
- Off-line for Th and minor actinides

Consistency of on-line 
reprocessing in cold, lab-scale
- Recovery rate of U > 95%
- Recovery rate of carrier salt > 90%

Fuel
cycle
mode

Thorium utilization strategy in 
MSRs
- 235U�to�233U�transition
- Minor�actinides�transmutation

Thorium-Uranium Fuel Cycle-Progress



• Fluorination and distillation of fluoride salts in cold experiments
• Developing fluorides electrochemical separation techniques

- Fluorination for U recovery: Verification of process with in-situ monitoring, use of
frozen-wall technique to mitigate corrosion, derived from high temperature, F2 and
liquid fluorides melt.

- Distillation for carrier salt purification: Demonstration of a controllable continuous
distillation device, the distillation rate is about 6 Kg per hour, and the DF is > 102 for
most neutron poisons.

- Fluorides electrochemical separation for U recovery: Electro-deposition of U
metal from FLiBe-UF4 melt and recovery > 92%

Frozen-wall testFluorination 
experimental set-up

Electrochemical 
experimental  set-up

Distillation
experimental set-up

Pyro-processing Techniques 



7Li
（92.5%）

6Li
（7.5%）

Natural 
Lithium

• PWR pH control (abundance ≥ 99.9 %)
• MSR coolant (abundance ≥ 99.99 %) 

• Succeed in obtaining high purity thorium and enriched 7Li using 
extraction technology

- Enrichment of 7Li: As a green technology, centrifugal extraction method was developed 
to replace mercury method to obtain 7Li. High efficient extractants were synthesized. 
Counter current extraction experiment was conducted and a 99.99 % abundance of 7Li 
was achieved. 

- High purity thorium: High efficient extraction system was developed to obtain the high 
purity thorium. A 99.999 % purity of thorium was achieved in batches.

WO2014/067278A1
WO2014/201890A1，

CN104140379A，
CN104147929A

ZL 2011 1 0074345.8, 
ZL 2012 1 0552752.X, 
ZL 2012 1 0453853.1, 

201210552752.X 28

7Li and Thorium Extraction and Separation



• Constructed high-temperature fluoride salt loops.
• Developed equipment to be used with fluoride salts, e.g., pump, heat

exchanger, valve, seal, pressure meter, etc.

- Design and analysis methods for high-temperature fluoride salt loops
- Prototypes for pump, valve, heat exchanger, etc.
- Experience of loading and unloading of fluoride salts
- Experience of high-temperature fluoride salt loops operation and maintenance

High-temperature fluoride salt 
experimental loop

Prototypes of equipment Thermal hydraulic & 
mechanical test of loop 

Hydraulic test of 
molten salt pump

Fluoride Salt Loops



• Developing safety analysis methods and codes
• Developing safety design criteria and completing safety system design
• Established a salt natural circulation test loop for safety code validation
• Participating in the development of ANSI/ANS-20.1 and 20.2

- Completing preliminary safety analysis report (PSAR)
- Safety design criteria were reviewed and accepted by the

review team designated by the National Nuclear Safety
Administration (NNSA)

- Safety classification analysis of the TMSR-SF1 and TMSR-
LF1 were reviewed and accepted by NNSA, both were
classified as Class II research reactors

- Release of cover gas was determined as the MCA
- Conducting salt natural circulation, Dowtherm A and water

experiments for code validation

Nuclear Safety and Licensing

Construction
Permit

Fuel Loading
Permit

Operation
Permit

PSAR FSAR FSAR Rev.



Tritium stripping 
with bubbling

Tritium separation 
with cryogenics

Tritium alloy 
storage

On-line tritium 
monitoring 

Bubble-size 
control,

degassing 
efficiency > 95%

Kr\Xe <�1�ppb�and�
H2�<�1�ppm�in�
the�off�gases

Zr2Fe alloy
(Hydrogen partial 

pressure ratio
< 0.1 ppm )

On-line monitoring of 
HTO, HT, K and Xe,

• On-line tritium monitoring
• Tritium stripping using bubbling, tritium separation with cryogenics, and 

tritium storage

Tritium Measurement and Control  



• High purity FLiNaK batch production, characterization and purification 
• Synthesis of FLiBe and beryllium control method 
• Establishing FLiBe-Th-U fuel salts thermodynamics database

- Synthesis technology of nuclear grade FLiBe with boron equivalent < 2 ppm
- Purification technology of high purity FLiNaK with total oxygen < 100 ppm
- High purity FLiNaK batch production of 10 tons per year
- Capability of fluoride salt physical properties measurement

Fluoride salt FLiBe SaltSalt production of 10 tons per year

32

Fluoride Salts Production and Purification



• Technologies for the smelling, processing, and welding of a Nickel-based 
alloy, UNS N10003, China standard GH3535

- Smelling 6 tons of alloy, developed technologies for processing and welding,
performance is comparable to Hastelloy N

- Deformation processing technologies for nickel-based alloys with high Moly,
manufactured large UNS N10003 seamless pipes

Pipe processingHot extrusion

Component
（head）

Welding

Production of Nickel-based Alloy



- Industrial production of ultrafine-grain nuclear graphite NG-CT-50
- Pore diameter < 1 μm, ensured better FLiBe salt infiltration resistance than existing

nuclear graphite
- Establishing performance database for NG-CT-50 graphite
- Participating in the international standards development of MSR nuclear graphite

• Development of the ultrafine grain nuclear graphite for MSR, involved in 
the establishment of ASME code of MSR nuclear graphite

FLiBe salt infiltrationComparison of graphite 
Ultrafine grain 

nuclear graphite

Parameters NG‐CT‐50 IG‐110 

Pore Dia. (mm) 0.74 2

Boron (ppm) < 0.05 0.1
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Developing Corrosion Control TechnologiesInvestigating Corrosion 
Mechanism

• Control the structural material corrosion by alloy composition 
optimization, salt purification and surface treatment

700 C in FLiNaK

Corrosion Depth (μm/y) FTD Coating

Without FTD 
Coating

GH3535 exposed to 
impurity FLiNaK

GH3535 exposed to 
high purity FLiNaK

Corrosion

Oxidation

Composition Optimization (Cr)

- Optimize the composition of alloy, diffusion of Cr
- Improve purification technology, minimize impurities
- Fluoride salt thermal diffusion coating

- Salt impurities
- Elements diffusion
- Mass transfer

Material Corrosion Control 



Company and 
Institute

Product Technology Energy Consumption
kWh/Nm3

SINAP, CN Lab‐Scale SOEC(HTSE) ~ 3.4
INL, USA Lab‐Scale SOEC(HTSE) ~ 3.2

Hydrogenic, CA
HySTAT AEC 4.9
HyLYZER PEM 6.7

Proton, USA Hydrogen‐C PEM 6.2
PERIC, Hebei, CN ZDQ AEC <4.6
DaLu, Tianjin, CN FDC5 AEC <4.9
JingLi, Suzhou, CN DQ‐2 AEC <5

Comparison of Hydrogen Production by Different 
Water Electrolysis Technology 

 The energy consumption of SINAP‐Hydrogen‐System is quite
lower than most commercial products;
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System
Molten 
Point

Decomposed 
Point 
/

Density
g/cm3

Viscosity
106m2/s

Heat 
Capacity
kJ/m3

Thermal 
Conductivity

W/m∙K
NaNO3‐KNO3

(60‐40wt.%) @400oC
221 600 1.8 1.58 2850 0.62

Hitec (NaNO3‐KNO3‐NaNO2)
(7‐53‐40wt%) @400oC

142 535 1.86 1.61 2900 0.4

LiNO3‐NaNO3‐KNO3

(29.56‐17.73‐52.72wt%) @400oC
120 540 1.85 1.73 2920 0.48

LiNO3‐NaNO3‐KNO3‐Ca(NO3)2
（17.22‐12.74‐45.45‐24.59 wt%）

90 500 2.17 2.76 3500 0.40

Li2CO3‐Na2CO3‐K2CO3

32.12‐33.36‐34.52wt%) @600oC
397 800 2.01 5.5 3237 0.49

KCl‐MgCl2（66‐37mol%）@600oC 426 1450 1.61 0.86 1470 1.1

LiF‐NaF‐KF
（46.5‐11.5‐42mol%）@600oC

458 1570 2.05 2.32 3745 0.71

ZrF4‐KF（42‐58mol%）@600oC 420 1400 2.846 0.21 2988 0.32

LiF‐BeF2（67‐33mol%）@600oC 459 1430 2.16 3.96 5173 1.0

TMSR‐Molten Salt for Heat Transfer and Storage



Hot Cells

Salt Properties Labs

Super Computer

Material Testing Labs  Irradiation Facility

Fundamental Research Base at Jiading
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Coal dominates primary energy consumption of China

The coal accounts for about 
66% China‘s 0f total energy  

consumption. 

>620 coal-fired 
power plants

To allocate site for test reactor 



To realize near term aims

Near-term (～ 2020)Near-term (～ 2020)

Commercial�FHR�
demonstration�

10MW solid-fueled�
experimental�

TMSR(TMSR-SF1)

2MW liquid-fueled�
experimental�TMSR(TMSR-LF1)

+Th-U�cycle�experimental�
verification

100MW liquid-fueled�
demonstration�TMSR

Th-U�fuel�cycle�
demonstration

Mid-term (～2025)Mid-term (～2025)

Long-term (～2030)Long-term (～2030)

Technologies
Design
Integration

100MW solid-fueled�
demonstration�

TMSR

10MW�liquid-fueled�
experimental

TMSR

41



Technology transfer to other application

 To�realize�industrial�level�application�for�the�

technology�we�have�hed in�Lab-scale�。

 CSP�(salt�purification,�system�design�and�

operation�,�equipment�production�and�so�on)

 Heat�storage�based�on�molten�salt

 R&D�of�molten�salt�battery�

 FTD

42



To prepare for mid-term project

Near-term (～ 2020)Near-term (～ 2020)

Commercial�FHR�
demonstration�

10MW solid-fueled�
experimental�

TMSR(TMSR-SF1)

2MW liquid-fueled�
experimental�TMSR(TMSR-LF1)

+Th-U�cycle�experimental�
verification

100MW liquid-fueled�
demonstration�TMSR

Th-U�fuel�cycle�
demonstration

Mid-term (～2025)Mid-term (～2025)

Long-term (～2030)Long-term (～2030)

Technologies
Design
Integration

100MW solid-fueled�
demonstration�

TMSR

10MW�liquid-fueled�
experimental

TMSR

43



Mid-term project will focus on 
TMSR-SF/LF-SMR with 

TMSR fuel salt  batch pyro-process demo-
facility

 Conceptual�design�of�two�TMSR-SF/LF-SMR�

 Conceptual�deisgn of�batch�pyro-process�

demo-facility�

 Conceptual�deisgn of�Nuclear�Hybrid�

Energy�System

44



总体方案示意图

45

供热
蒸汽提供
咸水淡化等

空气
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总体参数
参数 值

反应堆功率 384�MWth，163MWe（匹配电机）
设计寿命，换料 60年，流动球床，不停堆在线燃料管理

维护周期 >=10年
负荷因子 95%
热电效率 42.5%

堆芯进出口温度 600/700�℃
燃料 3cm燃料球（TRISO颗粒燃料）

冷却剂 FLiBe熔盐，99.995%的Li-7
材料 镍基合金/石墨/SiC复合材料



主要物理参数
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参数 值

功率密度（活性区） 18.6�MW/m3

堆芯直径/等效高度 2.5�m�/�4.2 m

反射层直径/高度 3.5�m�/�6.5�m
平均卸料燃耗 170000�MWd/tHM

燃料球总数 87.4�万
燃料类型及富集度 UCO，19.75%

第一 /�二套停堆系统 12根 /�8�根控制棒
温度反应性系数 -5.90�pcm/K

一回路冷却剂质量流量 1588�kg/s
非能动余热排出系统能力 2%�FP

堆内覆盖气体最大压力 <0.5�Mpa
堆容器外径 <3.78�m



48

168MWe Small modular liquid-fueled 
Molten Salt Reactor

Super-critical CO2 cycle

 Small�electricity�generation�
unit

 Modular�transportation�by�
container�ships

 Thorium�utilization�
demonstration

 Can�be�used�for�Seawater�
desalination,�etc.



Overall design features
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Power of one unit 373MWth / 168 MWe

In / Out temperature 600 / 700 
Power generation 

cycle Super CO2 cycle

Fuel salts LiF-BeF2-UF4-ThF4 (19.75% U-235)
LiF-BeF2-PuF3-ThF4

Moderator Graphite

Structural material Nickel-based alloy， stainless steel

Processing for Fuel 
cycle

Online degassing (Xe, ke, T), off-line remove solid fission 
products

Residual Heat removal Whole passive residual heat removal system 

Reactor body modules Reactor body will be changed per 6-8 years
Fuel Fuel will be purified per 6-8 years with dry-processing

Residual Heat removal Whole passive residual heat removal system 



Main features
 Equivalent�burnup is�330�MWd/kgU which�has�fuel�utilization�

2-3�times�larger�than�that�of�PWR(convert�to�uranium�mine),�
and�waste�is�one�order�of�magnitude�lower�than�PWR.

 Thorium-derived�energy�is�more�than�30%.

 Online�fueling�without�shutdown�and�can�be�operated�for�8�
years.

 Ambient�pressure�and�high�safety,�small�equipment�and�high�
economy.�

 Complete�passive�heat�removal�system�can�fulfill�the�demande
of�long-term�safety.

 Modular�design�with�simple�structure�and�fast�construction�
period.�(a�new�reactor�can�be�completed�in�2-3�years)

50



Schematic of reactor island
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Water tank

Air cooling tower

pump

salt/CO2 heat 
exchanger

600

700Control rod

Reactor containment

Salt draining

pump

salt/heat exchanger

Reactor vesselModular�design�and�
construction�according�
to�the�purpose.



Nuclear island parameter
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Design Parameters value

The��shape�of�graphite�
component Hexagonal�prism

Length�of�side 26cm

Diameter�of�molten�salt�
channel 8.63cm

Design Parameters value

Electric�power 168MWe

Thermal�power 373MWth

Core�diameter�/�height 4.8m/5.0m

Primary�vessel�diameter�/�
height 5.2m/6.0m

Uranium�enrichment 19.75%

The�final�loaded�U�/�Th
ratio 1:1

Initially�loaded�uranium 2100kg

Initially�loaded�thorium 15700kg

Adding�mass�of�uranium�
per�day 1.08kg

Burnup 330GWd/TU

The�number�of�control�
rods 6



Neutron properties
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Fuel�assembly Power�density�distribution

Fast�neutron�flux�distribution
in��core.

Spectrum

 Thorium-derived�
energy�greater�
than�20%.

 Approximately�
equivalent�burnup
300MWd/kg�U

 Graphite�life:�Meet�
the�8-year�
refueling�
requirements



Thorium resource utilization
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19.75% Enrichment of U .
Loaded with a large
amount of thorium initially 
Th full�conversion,�

incineration�in�all�life；
 Online refueling
Reduce�the�residual�reactivity,�
improve�fuel�efficiency;  Offline batch processing

Recovery�of�U,�Th and�carrier�salts；
Low�spent�fuel�disposal；
 Thorium fission contribution 
30~40%.
 The equivalent fuel efficiency 
increased 1.5 to 2 times
 Spent radioactivity is 5-10 times 
lower



Thermal - hydraulic flow chart
 Three‐loop design, each loop consists of a circuit ；
 The first loop is the fuel salt loop; the second loop is the 

radioactive isolation loop; the third loop is the power 
generation loop, using supercritical carbon dioxide Brayton
cycle.
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600

700

540

650

LiF-BeF2-ThF4-UF4
2196kg/s  1.0MPa

NaF-BeF2
1559kg/s 2.0MPa

CO2
1765kg/s  23MPa

The core 

Heat exchanger

Heat exchanger

600

396



Energy cycle flow chart
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Technical features:
1.�The�volume�is�small,�about�
1/100�of�the�steam�Rankine
cycle.

2.�Power�generation�efficiency�
is�high,�about�40-50%.

3.At�present�the�technology�is�
at�laboratory�stage,�and�the�
overseas�has�10MW�level�
experimental�device.�China�has�
some�pre-research�projects,�
some�for�military�purposes.

Super-critical CO2 energy cycle system



Passive residual heat removal system
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 2 category of safety systems to 
ensure long-term passive safety of 
reactors
Water�- cooled�wall�passive�heat�

removal�system.
 Emergency�exhaust�molten�salt�tanks.

 3 sets of independent non-dynamic 
residual system.
 2�sets�in�use�and�1�for�backup
 Single�set�of�power:�1%�of�reactor�

rated�power�.
 Water cooling wall cooling scheme
 Cooling�water�tank�(three-loop�

natural�circulation)
 Direct�air�cooling�(two-loop�natural�

circulation)

The reactor primary circuit removal
residual heat through radiation to the
water wall.

The
evaporation-
condensation
process in the
water wall takes
away the
radiant heat



Three - dimensional map of Single - pile 
system layout
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Supercritical�CO2
power�generation�

unitPassive�residual�heat�
removal�system

Power�generation�unit



Purpose
Demo of TMSR fuel salt batch
pyroprocessing and Th
utilization

Process Fluorination, Distillation,
Electrochemical separation

Capacity 5m3/batch，20m3/year

Recovery U>95%; Th>85%

Th fisson
fraction >25%

Fuel�
utilizition ～5%

Th/U�
conversion� ～0.8

U�separation Th separtion

Electrochemical separation

Capacity：5m3/batch
Recovery:�95~99%

Capacity，20L/h
Recovery:�90~95%

Capacity：200kg/batch
Recovery:�5~90%

Salt�clean-up

TMSR Fuel Salt Batch Pyroprocessing Demo-Facility

59Fluorination Distillation



H2/Natural 
Gas 

Value Added Applications

FCV

Synthetic 
Fuels

Upgrading 
Oil

NH3

Clean 
Coal

Metal 
RefiningHydrogen 

Production

Power 
Generation

Electricity 
Grid

Molten Salt 
Battery

TMSR

Industrial Heat 
Utilization

Seawater 
Desalination

Hydrogen 
Storage/ 

Distribution



Nuclear Hybrid Energy System



ANES have Great Potential for Development in 
China
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Cheaper and cleaner nuclear 
plants （注：MSR）could 
finally become reality—but not 
in the United States, where the 
technology was invented more 
than 50 years ago.

The dream of American 
scientists at Oak Ridge, a 
half‐century ago, is taking 
shape here (注：上海)，
thousands of miles away.
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