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流动化学在光催化领域的应用
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2.1 研究背景：光催化反应的重要性
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1.1 光催化反应的重要性
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2.1 研究背景：光催化反应的局限性

5

R. Baxendale, et al. Org. Process Res. Dev. 2016, 20, 327–360.

T. Noël, et al. Chem. Rev. 2022, 122, 2752–2906.

Traditional UV Photoreaction Visible-Light Photocatalysis

Low selectivity

High cost light sources

Energy efficient and durable LED

Highly selective and powerful

Scale-up issues
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R. Baxendale, et al. Org. Process Res. Dev. 2016, 20, 327–360.

T. Noël, et al. Chem. Rev. 2022, 122, 2752–2906.

Traditional UV Photoreaction Visible-Light Photocatalysis

Low selectivity

High cost light sources

Energy efficient and durable LED

Highly selective and powerful

Scale-up issues

Dramatic decrease in catalytic efficiency

Remarkable increase in reaction time

By-products formation

Scale-up issues
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2.1 流动化学装置

8K. Gilmore, et al. Chem. Soc. Rev. 2020, 49, 8910–8932.

Fluid & Reagent Delivery Mixer Reactor Quenching Pressure

Regulator

Collection or

Connection

Reagent A

Reagent B

or Gas

Syringe pump

Gas mass flow 

controller

Metal
On-line analysis

Online separation

Optional

PTFEChip coil Packed-bed



2.2 流动反应与间歇式反应的区别

9F. Darvas, G. Dormán, V. Hessel, S. V. Ley, Eds. , Flow Chemistry – Fundamentals, De Gruyter, 2021.

Reaction progress & Steady-state characteristics

Reaction time & Residence time Stoichiometry

Batch: c, η Flow: c, η, 𝝂 𝑡𝑅 =
𝑉

ν𝐿 + Τν𝐺 𝑃
Batch: t Flow: 𝑡𝑅 =

𝑉

ν1 + ν2



2.3 流动化学的特征和优势
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Large specific surface area (d < 1 mm, large S)

Continuous-flow characteristics

F. Darvas, G. Dormán, V. Hessel, S. V. Ley, Eds. , Flow Chemistry – Fundamentals, De Gruyter, 2021.

A I

B

C

decomposition

quenching

k1

k2

kq

kq > k1 > k2

bypdt

pdt

k1 = 10 s-1, k2/ k1 = 0.01

Uniform mixing: flow (ms to s) vs. batch (s to h)

Precise residence time control

𝑡𝒅 =
𝑑2

𝐷

Diffusion time



2.3 流动化学的特征和优势

11

Large specific surface area (d < 1 mm, large S)

F. Darvas, G. Dormán, V. Hessel, S. V. Ley, Eds. , Flow Chemistry – Fundamentals, De Gruyter, 2021.

Fast mass transfer: flow (ms to s) vs. batch (min to h)

Fast heat exchange: flow (ms to s) vs. batch (min to h)

𝑄

𝑡
= 𝑘S

Δ𝑇

𝑑

Heat transfer



2.3 流动化学的特征和优势

12T. Noël, et al. Chem. Rev. 2022, 122, 2752–2906.

Precise residence time control Improved irradiation  

Efficient mixing Improved selectivity and reproducibility

Fast mass and heat exchange Reliable scale-up

Large specific surface area (d < 1 mm, large S)

Sufficient and uniform light
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3.1 常见的流动化学泵

14F. Darvas, G. Dormán, V. Hessel, S. V. Ley, Eds. , Flow Chemistry – Fundamentals, De Gruyter, 2021.

Constrained capacity and inability to mix
Unsuitable for extremely low flow rates or gas-

liquid & liquid-solid mixtures

Precisely deliver constant & pulsation-free 

fluids, ranging from μL/min to mL/min
Most commonly used pumps in flow

syringe pump Piston pump

Substantial flow pulsation and operate at 

relatively low pressures (<10 bar)Considerable noise and exhibit significant 

flow pulsation

Working under up to 200 bar, suitable for 

high-viscosity fluids

Suitable for corrosive liquids & liquid-solid mixtures

Gear pump diaphragm pump & Peristaltic pump 



2.2 常见的连续流光反应器

15
Noël, T. et al. Chem. Rev. 2016, 116, 10276–10341.

high costNon-durableFlexible & Cheap Very large S/V ratio 

Catalyst leachingSlow flow rateVery large S/V ratio Solid operation

FFMR and RS-SDR eactor Packed-bed and CSTR eactor

Capillary microreactors Glass microreactors



3.3 盘管反应器
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3.3 盘管反应器
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3.3 盘管反应器
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3.3 盘管反应器
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3.3 盘管反应器
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3.3 盘管反应器
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3.3 盘管反应器
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3.4 平行管反应器
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3.5 芯片反应器
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3.5 芯片反应器
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3.6 降膜反应器
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3.6 连续流光反应器：降膜反应器

27



3.7 基于旋蒸的膜反应器
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3.8 涡流反应器
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3.9 转子-定子圆盘反应器
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3.10 管中管反应器
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3.11 气动雾化反应器
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3.12 填充床反应器
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3.13 连续搅拌罐级联反应器
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3.14 超声辅助盘管反应器
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3.15 连续流反应器在光催化领域的应用概览
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3.1 氧自由基介导的转换
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3.2 铈-光催化的轻质烷烃胺化反应
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3.2 铈-光催化的轻质烷烃胺化反应
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tR =
V

𝑉𝐺/𝑃 + 𝑉𝐿

钢瓶

反应液

气体流量计

HPLC泵

微通道反应器+LED光源

背压阀

产物收集



3.2 铈-光催化的轻质烷烃胺化反应
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3.3 铈-光催化的烷烃选择性胺化反应
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3.3 铈-光催化的烷烃选择性胺化反应
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3.3 铈-光催化的烷烃选择性胺化反应
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反应液

HPLC泵

微通道反应器+LED光源

产物收集



3.4 铈-光催化的环醇和烯烃形式环加成反应
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3.4 铈-光催化的环醇和烯烃形式环加成反应
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3.5 铈-光催化的环酮氧化扩环反应

47



3.5 铈-光催化的环酮扩环反应
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3.5 铈-光催化的环酮扩环反应
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