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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.



TMSR Schedules



Simulator
(2018)

Test Reactor 
(2020)

Demonstration 
Reactor (2030)

Commercial 
Reactor

R&D、Design、Licensing Demonstration Commercial

实验堆
CAS TMSR Project (2011-2017): 2.17B RMB; (2018-2020)500M RMB
Shanghai Project(2015-2017): 115M RMB;  (~2025)~800M RMB
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TMSR Development Plan

Key technology 
and component 
development, 

Simulator 
(mock-up) 

(TMSR-SF0)

2MWth liquid-
fuel test reactor
(TMSR-LF1)

10MWth Solid-
fuel test reactor
(TMSR-SF1)

168MWe liquid-
fuel demonstration
reactor (TMSR-LF2)

168MWe solid-fuel
demonstration
reactor (TMSR-SF2)



Long Term Strategy 

TMSR Reactors and Applications

 Optimized for high-temperature based hybrid nuclear

energy application.

 Optimized for utilization of Th with Pyroprocessing.

Th Energy：
Long-Term Supply of 

Nuclear Fuel

MSR：
Elevated Safety
Efficiency
Nonproliferation
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胡焕庸（ Hu Huangyong) line



Coal dominates primary energy consumption of China

The coal accounts for about 

66% China‘s 0f total energy  

consumption. 

>620 coal-fired 
power plants



TMSR Clean Energy System

◼ Molten salt reactor nuclear energy system produces heat
and/or electricity; renewable energy system produces
electricity and/or heat; both of them can produce hydrogen for
energy conversion and storage, which is also used for lower the
CO2 emission of fossil fuel.
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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



Unlike other energy sources, China’s reserves 
of Thorium, may ensure the major domestic
energetic supply for many centuries to come.
For instance the whole China’s today 
electricity  (3.2 Trillion kWh/year) could be 
produced during ≈20’000 years by well 
optimized Th reactors and 8,9 million ton of 
Th, a by-product of the China's REE basic 
reserves.

CONCLUSION –C.Rubia



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





Solution of Low Carbon New Energy
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High temperature TMSR+ hybrid-energy utilization 

CAS-TMSR

DOE-INL

海水淡化



Wind abandoned in China
➢ Much of the electricity produced by vast wind farms goes unused, with grids

unable to accommodate fluctuating sources of power and amid rising
overcapacity in the country’s total power generation.

➢ From 2010 to 2016, 150.4 million megawatt hours, or as much as 16 percent
of overall wind generation, was abandoned. Over the last 6 years, the
opportunity cost of wind power curtailment in China is estimated to exceed
$1.2 billion.
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Wind Thermal Power System
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1. Intermittent Input

700 oC

435 oC
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Roadmap of Technologies R&D



7Li and Thorium Extraction and Separation

Li-7
（92.5%）

Li-6
（7.5%）

Natural 
Lithium

◼PWR pH control（abundence≥99.9%）

◼MSR coolant（abundence≥99.99%）

Succeed in obtaining nuclear grade thorium and high 

abundance Li-7 using extraction technology

 High abundance Li-7: As a green technology, centrifugal extraction method was 
developed instead of mercury method to obtain Li-7. Counter current extraction 
experiment was achieved and 99.99% Li-7 was obtained for the first time. High efficient 
extractants were synthesized.

 Nuclear grade thorium: High efficient extraction system was developed for the
separation and preparation of the nuclear grade thorium. The 99.999% purity thorium
was obtained in batches.

Thorium 
Patent

WO2014/067278A1
WO2014/201890A1，

CN104140379A， CN104147929A

High 
abundance Li-7

Patent

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

201210552752.X 24



Salts Production and Purification

➢ High purity FLiNaK batch production, characterization and

purification

➢ Synthesis of FLiBe and beryllium control method

➢ Establishing FLiBe-Th-U fuel salts thermodynamics database

Molten salt FLiBe Physical properties 
determination lab 15 Chinese patents

Patent obtained：CN103219052A,
CN103606385A,CN203440069U,
CN103601222A,CN104147929A,
CN104140379A,CN103572318A,
CN104344120A,CN104214420A,
CN203083132U,CN104089917A,
CN104407011A,CN202460640U,
CN202926703U,CN102878109A

Prototype for molten salt 
production (10ton/y)

25

- 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



Nickel-based alloy

Technologies for the smelling, processing, and welding of a Nickel-based alloy, 

UNS N10003, China standard GH3535

GH3535： A nickel-based alloy with an outstanding 

corrosion resistance in molten salts
Technologies for smelling (6 tons), processing & welding;

performance comparable to Hastelloy N

Deformation processing technologies for nickel-based

alloys with high Mo, the largest UNS N10003 seamless

pipes.

Chinese 
Patent
CN103966476
A (under 
review)

Performance Test Report

pipe 

processing
hot 

extrusion

Capability China
US

Haynes

Pipe
Diameter

141.3mm <88.9mm

seamless alloy pipes for 
the primary loop of MSR 

Component（head）

Welding



Nuclear graphite：moderator/reflector
Industrial production technologies of Chinese ultrafine-grain

nuclear graphite NG-CT-50

Pore diameter<1μm, ensured better infiltration resistance

than existed nuclear graphite

Establishing database of its performance & deep involvement

in Intl. Std. for MSR nuclear graphite

Development of the ultrafine grain nuclear graphite for MSR, involved in

the establishment of ASME code of MSR nuclear graphite

Molten Salt Infiltration in nuclear 
graphite

Provision for ASME codeComparison between different 
nuclear graphite 

Ultrafine grain 
Nuclear Graphite

Graphite Core

Parameters
NG-CT-50 

(China)

IG110 

(Japan)

Pore Dia.

(mm)
0.74 2

B Equiv. Cont. 

(ppm)
<0.05 0.1

Nuclear Graphite
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Corrosion Control

Control the structural material corrosion by alloy composition

optimization, salt purification and surface treatment

Solving the corrosion control in fluoride salt
（GH3535 static corrosion rate < 2μm/y ）！

700℃@FLiNaK

Corrosion Depth (μm/y)

Best 
Ratio

FTD Coating

Without FTD 
Coating

GH3535 exposed to 
impurity FLiNaK

GH3535 exposed to 
high purity FLiNaK

Corrosion

Oxidation

Composition Optimization of Alloy (Cr)

Best 
Ratio

Design Optimization : Optimize the composition of 
alloy, degrade diffusion of Cr;

Salt Purification: Modify purification technology, 
control the impurities content;

Surface modification: FTD coating, improve the 
corrosion resistance;

Developing Corrosion Control Technology
Investigating Corrosion 

Mechanism
Salt impurities;
Elements diffusion;
Mass transfer;



R&D of Components

29



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 Researches



• 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 



• 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  



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



2MW TMSR-LF1
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熔盐/熔盐
换热器

燃料盐泵

熔盐排出罐

控制棒

熔盐/空气
换热器

空气自然循
环非能动余
热排出系统

非能动余排排气塔 熔盐空气换热器排气塔

冷却盐储罐

基盐及添
加盐储罐

堆容器

保温层

冷却盐泵

地面

燃料盐排
放罐

◼ Demonstrate concept of MSR with 

liquid fuel and pyroprocessing

◼ Demonstrate Th-U cycle and its 

features

◼ Platform for future reactors and Th-U 

cycle R&D

Power 2MW

Temperature 630 ℃ / 650 ℃

Type Integrated design

Fuels LiF-BeF2-UF4-ThF4

Residual heat 
removal

Passive air natural 
circlation system



10MW TMSR-SF1
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➢ Reactor power: 10MWth

➢ Coolant temperature: Inlet 600C, 

outlet 650C. 

➢ Fuel element: TRISO fuel, 6cm 

sphere.

➢ Core: Graphite core, conventional 

pebble bed arrangement.

➢ With passive residual heat 

removal.

➢ Temperature limitations: Fuel, 

<1400C; coolant outlet, <750C.

➢ Reactor vessel pressure 

limitations: <5atm.

◼ Demonstrate concept and 

safety of solid-fueled MSR

◼ Develop and integrate key 

technologies and 

components

◼ platform for future reactors



100MWe level Pebble-bed TMSR
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TMSR-SF0
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SF1 SF0

Coolant FLiBe FLiNaK

Temperatur
e

600℃-650℃

Size ratio 1:3

Area ratio 1:9

Volume
ratio

1:27

Power 10 MW 370  kW

Salt speed 84 kg/s 3.9 kg/s

Heating nuclear electricity

➢ Integrated facility via scaling 
methods

➢ Key facility for design validation 
and licensing

➢ Simulation for operation and 
training operators.
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Hot Cells

Salt Properties Labs

Super Computer

Material Testing Labs  Irradiation Facility

Fundamental Research Base at Jiading



New Candidate Site of TMSR test reactor

Reactor Site

SINAP

• The candidate site is located in Wuwei (武威）, Gansu Province, about 

2000 Km from Shanghai, the annual precipitation is 128 mm and the 

annual average temperature is 8.3 °C.



CAS and Gansu Collaboration

◼ Nov. 8, 2017, CAS and Gansu Signed collaboration agreement



Survey of the Candidate Site

• Onsite survey completed in August

• Application for the site permit to be 

submitted to government this year.  



TMSR Organization

SINAP, CAS

ANEI, CAS

CAS

Management 
Office

SINAP
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Phys. of Th-U Fuel

TMSR Physics

TMSR Engineering

Platform of TMSR Design

Platform of TMSR Exp.

U Extraction from 
Seawater

Radiation Plateform

TMSR Construction

Producing and Chemistry 

Processing and Refining 

Circle System and 
thermotechnical

Platform of Producing 
and Refining

Exp. Platform of Molten 
Salts Circle System 

Thermoelectric 
conversion

Producing of  ThF4

Chemical Process in 
TMSR

On-line Dry-process 

Wet-process of Fuel

Platform of Fuel Circle

Engineering Physics of 
Materials

Structural Materials 

Other TMSR Materials 

Fabricating and 
Processing platform 

Evaluating and Testing 
platform 

High temperature 
electrolysis

Nuclear Safety 

Radiation Safety

Wastes Processing

Nuclear Health and 
Environment

Research Platform

Chief Engineer group 

Board of TMSR

ANEI Staffs～700

SINAP(TMSR) ~400

other institutes~100

Students～200



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
46



ANES have Great Potential for Development in 
China

47

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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2016年美国版反应堆发展路线图
--Public-Private Partnerships for Reactor Development

• PWR
• BWR

• AP1000
• ESBWR

• NuScale
• B&W mPower
• Holtec SMR-160
• Westinghouse SMR

• Sodium Fast Reactor
• High Temp. Gas Reactor
• Lead Fast Reactor
• Gas Fast Reactor
• Molten Salt Reactor

GEN II GEN  III + SMR GEN IV Advanced Reactor

第二代
第三代

小型模块堆

第四代
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Nuclear Energy

Vison & Strategy  for
Advanced Reactors

VISION
By 2050,advanced reactors will provide a significant and growing component of 
the nuclear energy mix both domestically and globally, due to their advantages 

in terms of improved safety, cost, performance, sustainability, and reduced 
proliferation risks.

GOAL
By the early 2030s, at least two non-light water advanced reactor concepts 
would have reached technical maturity, demonstrated safety and economic 

benefits, and completed licensing reviews by the U.S. Nuclear Regulatory 
Commission (NRC), sufficient to allow construction to go forward.

Accelerating the Development and Deployment 
of Advanced Reactors 



Nuclear Energy

Nuclear Power Capacity needed 
to meet U.S. Clean Power Goals

Generation IV

Small Modular
Reactors

Advanced
Light
Water
Reactors



DOE支持

2000s

美国
MSRE

7.5MW

1950s

美国
ARE

2.5MW

美国
MSBR

2250MW

中国：
熔盐堆零功
率实验装置

1970s 2010s

中国TMSR
2MW, 10MW,100MW…

日本
Fuji

350MW

英国

法国

瑞士

等

法国（欧盟）：MSFR

德国：DFR

英国 Moltex 公司：SSR

俄罗斯：MOSART

Flibe公司：LFTR

Martingale公司：ThorCon

TAP公司：WAMSR

美国
DMSR等

地球能源公司：IMSR

南方电力+泰拉能源
等MCFR

印尼
合作

四代堆提
出

☆

丹麦CA公司：copenhagens

Kairos Power：
MSR&FHR

熔盐堆研发

国际态势
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Chinese Proposal for TMSR Roadmap

 Base on the technologies have had in Lab-scale during last a 

few years.,TMSR team propose the roadmap as following:

 To complete the construction of test reactor TMSR-LF1 by 2020

 To complete the construction of TMSR-LF-SMR demo-facility 

by  2030.

 To complete the construct of  TMSR fuel salt  batch pyro-

process demo-facility .

 To realize Th-U Fuel Cycle usage based on the 3-step strategy 

by the early 2040s.

55



TMSR Roadmap

56
2020

2030

2040s

Build 2MWt TMSR-LF1 and Low Carbon Clean Energy 
Demonstration System

Build 100MWe small module TMSR, 20% energy contribution 
from Th-based fuel

Build batch-scale pyro process demonstration facility,
40% energy contribution from Th-based fuel

Combination of batch-scale pyro process treatment and on-line 
fission production removing, 80% energy contribution from Th-
based fuel, basically achieve U-Th cycle

2040

WUWEI

JIUQUAN

JIUQUAN+WUWEI

WUWEI



A 3-step Strategy for Th-U Fuel Cycle

Distillation

 TMSR

Bubbling System
(extracting gas and noble metals)

Extracting

90%
salt

99%U

Seperation

FP & MA

Interim storage
Online

Offline

Th & residual U

Refueling (U & Th)

Separation

Reloading

Fuel salt preparation 
& control

Fluorination

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 
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TMSR-LF Small Modular Demo-Reactor 

 Key modules：power、heat 
transfer、fueling draining、
Passive residual heat removal、
on-line refueling

 Application modules：
generator、hydrogen 
production、Changed、etc. 
(Changed with goals)

Power module Heat transfer module

Fuel draining module

Passive residual 
heat removal 
module

On-line 
refueling 
module

Degas 
modul
e

Application module

Salt storage

Purification
module

Power 168MWe

Temperature 600 ℃ / 700 ℃

Efficiency 40%-50%

Th power >=20%

Main vessel 5.2m×6.0m   (D×H）

Safety
Passive residual heat 
removal system

Economics Cheaper than coal



Modular construction and operation

 Power module life： 8 y (Material life)

 Fuel salt dry-process time： 8 y (extracting U、
Th，removal fission products,improve fuel efficiency)

 Other modules：changed easily

 On-line fueling without shut down

 Multi-building one by one (decrease cost)
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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



排盐罐

除氚模块
T

除Xe模块

Xe

废气
处理
模块

熔盐装
卸模块

汽轮机

燃料添加
模块

冷凝器

空冷塔

吊车

热量传输

蒸汽发生

功率产生

空冷塔

冷却水箱

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



Facility for dry process of Th-U fuel cycle
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Goal Large scale Th utilization

Technologies
Fluorination, Electroysis，
Distillation

Capability 5m3/batch，20m3/year

Efficiency U>95%; Th>85%

Waste
10 times lower than 
current technologies 

Flowsheet

U seperation Th seperation

F
lu

o
rin

a
tio

n

产品收率95~99%
总β和γ去污系数107

D
istilla

tio
n

E
le

ctro
y
sis 产品收率90~95%

总β和γ去污系数104

产品收率85~90%
总β和γ去污系数102

Salt seperation

Th-U fuel cycle



Batch pyroprocess Facility
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Spent 
Fuel Salt

Fluorination

Distillation

Electroysis

Fuel Salt

Storage

U

Salt

Th



H2/Natural 
Gas 

Value Added Applications

FCV

Synthetic 
Fuels

Upgrading 
Oil

NH3

Clean 
Coal

Metal 
Refining

Hydrogen 
Production

Power 
Generation

Electricity 
Grid

Molten Salt 
Battery

TMSR

Industrial Heat 
Utilization

Seawater 
Desalination

Hydrogen 
Storage/ 

Distribution



TMSR Innovative Hybrid-energy Park
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TMSR
H2 production

Energy storge
With molten salts

CSP

Wind power

photovoltaic

H2

utilization



Objectives

 By 2020，finish construction of 2MW liquid-

fueled Thorium Molten Salt Reactor, and 

achieve full power operation.

➢ Platform of design and technologies R&D for small 

modular MSR

➢ Experimental facility for Th-U fuel cycle, dry-

processing

➢ Nuclear section for Low-carbon innovative energy 

demonstration system. 

TMSR-LF1 Design



Compact Loop Design VS Integrated Design

熔盐/熔盐
换热器

燃料盐泵

熔盐排出罐

控制棒

熔盐/空气
换热器

空气自然循
环非能动余
热排出系统

非能动余排排气塔 熔盐空气换热器排气塔

冷却盐储罐

基盐及添
加盐储罐

堆容器

保温层

冷却盐泵

地面

燃料盐排
放罐

Compact Loop Design Integrated Design

 Good to maintain radioactivity.

 save cost.

 Future trend for small modular reactor.

TMSR-LF1 Design



General Description

 Fuel： LiF-BeF2-ZrF4-UF4 (+ThF4), 

 Structural Materials: UNS N1003 alloy，

superfine particle graphite

 Systems：

➢ Heat generation (reactor body)

➢ Heat transfer (loops, air cooling system)

➢ Cavity: structure support and maintain

➢ Cover gas and off-gas processing system

➢ Controlling and instrumentations

➢ Etc.

TMSR-LF1 Design



3D Graph of Engineering Design

TMSR-LF1 Design



Main Parameters

Reator type
Liquid-fueled molten salt 

reactor

Power 2 MW

Life 10 years

EFPD 300 days

Max EFPD / year 60 days

Inlet/outlet Temperature 

(fuel salt loop)
630℃ / 650℃

Inlet/outlet Temperature 

(coolant salt loop)
560℃ / 580℃

Fuel salt LiF-BeF2-ZrF4-UF4 (+ThF4)

U-235 Enrichment 19.75wt%

Coolant salt LiF-BeF2

TMSR-LF1 Design



Fuel Loading / discharging Ar gas + capsule

Reactivity Control Control rods

Mass flow rate (fuel salt) ~50 kg/s 

Mass flow rate (coolant salt) ~42 kg/s

Residual heat removal

1. Loop
2. Air natural circulation 

Passive residual heat 
removal system

Alloy UNS N1003

Graphite Superfine particle graphite

Cover gas Argon，0.05 MPa

TMSR-LF1 Design
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千里之行

始于足下!

A thousand journey is started by taking 

the first step.
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CPM of TMSR-LF1 Project



Thanks for
your attention!


