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Preface

This concise e-book is a compilation of three Power Points presentations made by the authors
at the 11" Asia Pacific Drying Conference (ADC2023) held in Kolkata on February 18" and
19", 2023.

These lecture materials are detailed enough to be readable and understood by anyone in
academia or interested in the field of drying technology. The only journal devoted to drying
and dewatering, Drying Technology, has completed four decades of publication. The first
chapters gives a concise summary of the ups and downs when entering a totally new area. The
second chapters provide a summary of a highly successful and productive international
collaboration lasting over two decades between Professor Min Zhang and Professor Arun
Mujumdar. Finally, Professor Hong-Wei Xiao gives a fascinating overview of the role of
drying technologies in human welfare.

We hope that this concise e-booklet will encourage readers to enhance research activity in
drying science and technology.

Reader feedback is welcome as always.

Shivanand S. Shirkole, PhD
ICT-10C Odisha Campus, Bhubaneswar, INDIA

shivanandshirkole@gmail.com

February, 2023
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Chapter - |

Four Decades of Drying Technology Journal Publication:
Impact on Global Drying R&D
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OUTLINE OF KEYNOTE LECTURE

* Drying Technology — An International Journal

* Innovative ldeas Devised by Professor Arun S. Mujumdar to Sustain Journal
¢ Global Journey of Drying Conferences

* A Concise Historical Account of Drying Technology

¢ 2022 Usage Figures for Drying Technology — An International Journal

* Some Interesting Stats/Facts About Drying

¢ Why Innovative Ideas are Slow to be Adopted...?

* Closing Remarks

PLENARY LECTURE 18/02/2023 2
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FOUR DECADES OF LDRT PUBLICATION

......mpact on Global Drying R&D
* This year marks the Ruby Anniversary of the premier archival journal — Drying Technology.

¢ A statistical snapshot will be presented here on how both the quality and quantity of

publications.

* The success of the IDS series had a positive effect on the journal although initially authors

preferred to publish their papers in book format.

*  From a very modest start with just two small issues published in camera-ready formatin 1982-

83 to latest volume of 16 issues in large type-set format.

* Finally, some ideas are discussed about the future direction of drying R & D and how this journal

can continue to accelerate impactful research with international networking.

PLENARY LECTURE 18/02/2023 3

DRYING TECHNOLOGY 225K annual

— AN INTERNATIONAL JOURNAL downloads/views

Drvi
Tel;)i:'r:%logy

Me

+3.556 (2021) Impact Factor +0 days avg. from

«Q2 Impact Factor Best submission to first decision
Quartile 48 days avg. from
e T ey e e +3.489 (2021) 5 Year IF submission to first post-
D Drying Technology, Volume 41, Issue 1 (2023) +6.4 (2021) CiteScore review decision
¢ Volume 41,2023 we " o 3 (SCOpUS) 24 days avg. from
-Q1 (2021) CiteScore Best acceptancetoonline
Quartile publication
«1.324 (202” SNIP *21% acceptance rate

+0.654 (2021) SJR

PLENARY LECTURE 18/02/2023 4
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INNOVATIVE IDEAS

..... Devised by Professor Arun S. Mujumdar to Sustain Journal

* Initial shortage of manuscripts was offset by Issuing theme issues with guest editors in different
industries

* Anissue devoted to R&D needs and opportunities to encourage r and d and submissions to journal

* Revising/ Re-typing them in camera-ready format for authors from non-English speaking countries

* One issue devoted to translation of an acclaimed Japanese book on drying

* Publication of summaries of PhD Theses in drying from various countries

* Publication of book reviews from various countries- mainly Russian books

* Conference/Workshop reports / Snippets on Drying

* Concise biographies of Giants in Drying

* Bibliographies in various drying themes

* Guest Editorials Etc.,

PLENARY LECTURE 18/02/2023 6
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ADC2023

A Concise Historical Account of
Drying Technology

A CONCISE HISTORICAL ACCOUNT OF LDRT

..... Year-wise Publications in LDRT
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PLENARY LECTURE 18/02/2023 8
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A CONCISE HISTORICAL ACCOUNT OF LDRT

..... Decade-wise Publications in LDRT
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PLENARY LECTURE 18/02/2023 9

A CONCISE HISTORICAL ACCOUNT OF LDRT

..... Cite Score of LDRT from 2011 to 2021

Cite Score

2010 2012 2014 2016 2018 2020 2022
Year of Publication

PLENARY LECTURE 18/02/2023 10
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A CONCISE HISTORICAL ACCOUNT OF LDRT

..... Decade-wise Top Ten Contributing Authors to LDRT

Decade Wise Top Ten Contributing Authors to Drying Technology — An International Journal

PLENARY LECTURE 18/02/2023 n

A CONCISE HISTORICAL ACCOUNT OF LDRT

..... Decade-wise Contribution of Top Ten Countries to LDRT

Decade Wise Top Ten Contributing Countries to Drying Technology — An International Journal

PLENARY LECTURE 18/02/2023 12
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2022 Usage Figures for Drying
Technology

2022 USAGE FIGURES FOR DRYING TECHNOLOGY

..... Readership Numbers Compared

Drying Technology achieved
251045 downloads in 2022.

That's +61% compared to 2019's downloads

251045

155714 190057 224559

PLENARY LECTURE 18/02/2023 14
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2022 USAGE FIGURES FOR DRYING TECHNOLOGY

PLENARY LECTURE

..... Altmetric Data

40 mentions

In the past 12 months Drying Technology was mentioned
40 times on social media, such as Twitter, Facebook, and
LinkedIn.

3 mentions

In the past 12 months Drying Technology was mentioned 3 times

on news outlets and blogs.

18/02/2023 15

ADC2023

Interesting Stats/Facts About

Drying

Handbook of
Industrial Drying &
Fourth Edition [

Editedby | -
Arun S. Mujumdar '
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INTERESTING STATS/FACTS ABOUT DRYING

* Over 10,000 materials are dried at different scales to diverse specifications starting from liquid,
suspension, sludge, particulate to large discrete sheets to continuous sheets hence the need for

100 dryer types.
* Operating ranges- supercritical to sub-zero temperature/pressure.

¢ Mechanism of heat input include conduction, convection, and radiation, continuous, hybrid,
simultaneous or sequential.

¢ Continuous or batch modes of operation.

From abhove itis easy to see why a wide assortment of diverse dryers are needed.

PLENARY LECTURE 18/02/2023 17

SELECTION OF RIGHT DRYER/DRYING SYSTEM

* Selection of right dryer/drying system is the most baffling problem in industry

Important Note

* Novel dryers are not necessarily better.
* New ideas need to be tested and

validated.
* LCA is recommended when choosing a
new dryer.
PLENARY LECTURE 18/02/2023 18
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“Innovation is seeing what everybody
has seen and thinking what nobody
has thought.”

PLENARY LECTURE

INNOVATION

18/02/2023 19

ADC2023

Innovation Versus R&D
Spending
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INNOVATION VERSUS R&D SPENDING

X . Innovation Ecosystems
Innovating vs Spending
Companies selected by respondents as the most o
innovative outperformed the biggest R&D spenders ‘ 1 5%
on a range of financial metrics. amazon 5 o
e Alphabet i =
i 47% 8% Microsoft 3 e
s 12%
37% 6% SAMSUNG 6 ™
29% n 7 19%
@ 8 a%
. 10 9%
@ 10 a%
Revenue Gross Margin. Market Cap
NCCC & s =
I TOP 10 INNOVATORS I 0P 10 SPENDERS € MERCK >10 25%
PLENARY LECTURE 18/02/2023 21
*Low cost of implementation *High R&D cost
eLess risk «Risky, although room for successful
More likely to be adopted technologiesis high
Examples: Examples:
-Superheated steam dryers «Pulse combustions dryers; Flame dryers
*Modified fluidized/spouted beds «Impinging jet superheated steam dryer for
“Hybrid dryers tissue/newsprint
«Adsorption dryer for grains (particulate drying) *Microwave + Ultrasonic dryers, Swell drying
(DIC)
PLENARY LECTURE 18/02/2023 22
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WHY INNOVATIVE DRYERS HAVE HIGHER RISK?

* Lack of reliable knowledge on the mechanisms of heat/mass transfer in drying
* Lack of “ universal” model for drying or dryers

* High research & development costs - nonlinearity of scale-up of heat/mass
transfer and quality attributes in scale-up from lab to pilot to full scale

* Optimal dyer design and selection of operating conditions offer major

challenges etc etc.

PLENARY LECTURE 18/02/2023 23

WHY ADOPTION RATES ARE LOW...

..... fromPublished Works to Industry...?

* Over 500 dryer types are reported in literature: most are based on lab scale reports from academia
* Pilot and full-scale reports are typically proprietary and not in public domain

* Research papers do not often provide enough information to allow scale-up by potential users.

* Often quality attributes cannot be scaled up reliably resulting in expensive testing and uncertainty
* Techno economics of the novel dryer concepts is largely unknown.

* Lack of close interaction between academia and industry is needed for introduction of innovations in

practice

Results: close interaction between academia and industry is a pre-requisite for
introduction of innovations.

PLENARY LECTURE 18/02/2023 24
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MOTIVATING FACTORS FOR INNOVATION

New product or process

Higher capacities than current technology permits
Better quality than currently feasible

Reduced overall cost

Reduced environmental impact, sustainable

Safer operation; more flexibility

Better efficiency

PLENARY LECTURE 18/02/2023 25

ON INNOVATION IN DRYING TECH

.. Why Slow...?

Most innovative ideas in public domain come from academia; techno economic analysis

conspicuous by absence

Half-life /operating life of most dryer systems are long, discouraging need for replacement with
better/innovative dryers.
Developing economies are more likely to leapfrog to new Technology then establishedonese g

vacuum steam drying of timber.

Buzz word research areas tend to attract major fraction of funding available; much less available

for R&D in drying. Industrial funding has not taken up the slack for various reasons.

Solution: Make R&D cost-effective by sharing knowledge, ideas, resources globally and
enhance industry-academia interaction.

PLENARY LECTURE 18/02/2023 26
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ADC2023

Handbook of
Industrial Drying
Fourth Edition

Edited by
Arun S. Mujumdar

FUTURE R&D NEEDS

FUTURE R&D NEEDS

1. Applied vs Basic (fundamental, non targeted)

* Only 5 per cent of all. Engineering Research in 15 European countries is labelled
Applied in a recent study. This is also true of IDS, LDT

* However, some Science oriented journals to look at some basic issues in Drying but at
microscale. Difficult to use for design/optimization etc.

* Major problems : Drying materials are too complex; parameters are dynamic and hard

to measure accurately, computationally very challenging etc.

* Funding for blue sky Research - like drying materials is shrinking everywhere !

PLENARY LECTURE 18/02/2023 28
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FUTURE R&D NEEDS

2. Need to study microstructure and relate it through multi-scale modelling to drying

kinetics, quality parameters etc.

* Need to study microstructure and relate it through multi-scale modelling to drying

kinetics, quality parameters etc.
3. Innovative dryers - miniaturized, smart , optimized with low carbon footprint etc.

* Expensive computationally and experimentally. Needs advanced instrumentation like
NMR, AFM, SCM, TEM, XRD, X-ray tomography, etc etc. Even such measurements do

not often suffice to provide validation of models.

PLENARY LECTURE 18/02/2023 29

FUTURE R&D NEEDS

* Basic research including multiscale modeling, molecular dynamic simulation along with
advanced CFD modelling and computation of stress/strain development in drying

solids.

* Innovative dryers that are significantly smaller with low physical and carbon footprint

capable of coupling renewable energy with fossil fuels as needed.
* Use Al to design smart dryers for high quality products. Are these needed?

* Re-evaluate current drying technologies in paper, wood, ceramics industries which have

not shown trend to innovate in recent decades.

PLENARY LECTURE 18/02/2023 30
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HOW TO ENHANCE BASIC RESEARCH IN DRYING?

* Currently most drying research is multi and interdisciplinary between applied sciences
engineering. New paradigm requires cooperation with pure sciences (chemistry,

biochemistry, physics and mathematics).

* Publish in applied and pure science journals - already happening in limited areas such
as colloids/suspensions/nanotechnology areas. Drying problems need to be made

known to Science communities.

* Large industrial communities can offer grants to study science of drying to pursue so-

called Blue-Sky Research. Long term research is currently missing.

* Lack of truly novel ideas will hamper future innovation.

PLENARY LECTURE 18/02/2023 A

ROLE OF INDUSTRY-ACADEMIA COLLABORATION

1. Tangible support and collaboration by industry- users of dryers and vendors- is key to innovative
drying technology in practice.

2. Both incremental and radical innovations that disrupt current practice are possible only through
such collaboration.

3. Minimization of R&D costs requires sharing human and capital resources via institutional
cooperation and international networking.

4, Design innovation via reliable math modeling is cost-effective but much research is needed to

improve design and scale up of new dryers.

5. Reduction of carbon footprint while enhancing dried product quality is the goal of innovation.

PLENARY LECTURE 18/02/2023 32
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WHY INNOVATIVE IDEAS ARE....

..... Slowto be Adopted...?

* Generally key incremental/ evolutionary ideas are adopted more readily-less risk but

small advantage.

* Radical/revolutionary ideas are risky, need scale up and pilot testing which are

expensive steps.
* Gestation time from first report to adoption can take 20-50 years.
* Small companies can not afford R&D needed.
* Users have no appetite for risk despite potential big benefits.

* Drying is highly nonlinear process so scale up is difficult, risky and expensive

PLENARY LECTURE 18/02/2023 33

ADC2023

Closing Remarks
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CLOSING REMARKS

Much has been achieved directly and indirectly on a global scale in 4 decades - inter
and multidisciplinary theme of Drying Science and Technology has advanced

significantly despite major barriers.

A key accomplishment has been to bring awareness of the importance of the subject to

industry and academia in most sectors.

International networking and active collaboration has resulted in a high degree of

innovation and generation of new ideas.

Future R&D should be driven by basic sciences working with applied sciences and

engineering with proactive industry participation

PLENARY LECTURE 18/02/2023 3H

CLOSING REMARKS

Advances in analytical, visualization and computational tools should be applied to

advance basic knowledge of drying. This can also lead to cost effective innovation.

Design and scale-up of drying systems should increasingly be based on basic

knowledge and less on knowhow.

Competing of research funds and human talent to this field will remain a challenge

requiring multiple innovative solutions which may vary with country.

Industry participation is essential to effective technology transfer leading to more

efficient and cost effective industrial drying systems.

PLENARY LECTURE 18/02/2023 36
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the journal as well as the global ADC2023.
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THANK YOU

Arun S Mujumdar|

PLENARY LECTURE

www.arunmujumdar.com
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Chapter — 11

Brief Look at Success Story at International Networking and

Collaboration — A Case Study
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A Brief Look at Success Story at International Networking and

Collaboration — A Case Study w

11t ASIA PACIFIC DRYING

CONFERENCE 2023 INDIA
~INNOVATIONS, HIGH VALUE PRODUCTS, SUSTAINABILITY---

Professor Min Zhang Professor Arun S. Mujumdar
Jiangnan University, Wuxi, China McGill University, Canada

Concise History

A Success Story of International Cooperation in
Research by Prof. Min Zhang and Prof. Arun Mujumdar

2002: Prof Min Zhang, JU, invited Prof
Mujumdar to JU

Shivanand S. Shirkole [

2002-2022 : Numerous visits to JU and
some other universities by ASM

Now the network has grown to include
faculty from Australia, Thailand,
Malaysia, and Canada...
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Success Story at International Networking

and Collaboration

Publications Statistics

Source: Scopus Database Accessed on December 15, 2022
Documents by Year:

I lyze: 2005 I 2023
199 document results Select year range to analyze: 2005 M. [ ] lyze
Year 4 Documents~  Documents by year
60
2023
2022 56 50
2021 25 40
2
§
2020 4 g
E 1
Q
2019 1l 8
20
2018
10
2017 9
0
2016 2 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
Year
2015
2014 13 .
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Documents by Subject Area:

199 document results

Subject area \

Documents

to 2023

Select year range to analyze: 2005

Documents by subject area

109

Chemical Engineering
Other (1.0%) |
Agricultural and Biological Sciences 106 Medicine (0.5%)
Materials Scien... (0.5%)
9
S— ” immunology and ... 0.5%) _~ Chemical Engine... (27.4%)
Environmental ... (1.0%)
Engineering 41 Nursing (1.8%) /7,
Biochemistry, G... (4.8%)
Biochemistry, Genetics and Molecular 19 Engineering (10.3%) ~
Biology
Nursing 7
Environmental Science & Chemislvy (25.6%)
Immunology and Microbiology 2 Agricultural an... (26.6%)
Materials Science 2
Documents by Type:
199 document reSUltS Select year range to analyze: 2005 to 2023
Document type A Documents . Documents by type

Article

Review

Book Chapter

155
Book Chapter (1.5%)
41
Review (20.6%) \
3

X
Article (77.9%)
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Outcomes

Over 200 journal papers

One award winning book in Chinese

One CRC series book by Prof Zhang and ASM
Numerous book chapters

An ADC conference in Wuxi

Numerous industry visits

Support by PepsiCo R&D, USA, for 3 years

Reviewed numerous area of industry interest

Led to two National awards as well as provincial awards to ASM

Prof Zhang in now top author of Drying Technology journal;

Conferred Prof Mujumdar Medal for outstanding research

Numerous awards

EREIRE
FERA

* B I3 [(NEX]XC-eeE &

Book

Book in Chinese via-authored by
Professor Min Zhang and Professor
Arun S. Mujumdar Entitled High-

Efficiency Hybrid Dryers.

Won a National Award in China in

2019
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e — Some exchange records of both

S8 (RIETCBEB T ¢ (LRIKE) Wy (2002 441 § § ’ 5
f?ﬁcﬁgﬁﬁc{ﬁ'{ﬂhﬁu}u{ndﬁr (loﬁ;c]!f,c)l\eflurcl in college of Wuxi light industry (Jiangnan University) (The 5|des dur|ng the international
Beginning of 2002) ’
collaboration

The first time Prof. Mujumdar took the lecture in college of Wuxi light industry (Jiangnan University) the beginning of 2002

Some exchange records of both
sides during the international

collaboration
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Some exchange records of both
sides during the international

collaboration

Some exchange records of both
sides during the international

collaboration

SR EIRE SRR RS, LR MU L R T S AR 6 2 TR L
Prof. Mujumdar conducted technical exchanges in the cooperative enterprises of Yechun Food Co., Shanghai Nestle R
& D Center and Zhejiang Xingcai Food Co.

Prof. Mujumdar conducted technical exchanges in the cooperative enterprises of Yechun Food Co., Shanghai Nestle R & D

Center and Zhejiang Xingcai Food Co.
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Some exchange records of both
sides during the international

collaboration

Some exchange records of both
sides during the international

collaboration
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Some exchange records of both

sides during the international

RIS AU Uk SE K TR 22 [2017] o) ) .

Prof. Min Zhang’s group and Prof. Mujumdar organized the 9th ADC, 2017, Wuxi, China

Some exchange records of both
sides during the international

collaboration
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Some exchange records of both
sides during the international

collaboration

Some exchange records of both
sides during the international

collaboration
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() VSR PRI ST RIS K A IR 5 (A2 R
Prof Mujumdar won national and provincial international cooperation awards and relat
reports during the colloboration : i

Arun S Mujumdar ﬁ(ﬂﬂl)&'l"FAL\’:J'EHIIEIIFII_‘:{:N&x’?f‘lﬂ% (2‘013)(&'1'“-]1&5“5(11'(% (2014)

Professor Arun S N dar won the ional science and Award of the people's Republic

Y
2014)

of China (2013) and the Friendship Award of the Chinese government (

Some exchange records of both
sides during the international

collaboration

Prof. Mujumdar won national and provincial international cooperation awards and related reports during the collaboration

Some exchange records of both
sides during the international

collaboration

32|Page




Selected Lectures Delivered at ADC2023

| PEISEERARIRILIT e
Y,n') Sl
Year)

2012 BT R ERF AR
iE #B
B R BRHFRAR BT
AN

AN EEARREERRSHR
KR N A - AR (Arun S, Mujumdar )

w 473

321D

The introduction and certificate of Jiangsu Province International Science and Technology Cooperation Award (2012 Year)

Some exchange records of both
sides during the international

collaboration

Some exchange records of both
sides during the international

collaboration
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#JM?H?‘{

Dryin
Tyh gl%y

Arun S. Mujumdar

Some exchange records of both

sides during the international @i

collaboration
{Drying Technology) 39 45 9 Wi “YLMi A% FARIFA” H Pl ifi it it

Cover and report of the special issue "drying research and of Jiangnan U sity", Volume 39, No. 9,
{Drying Technology

Cover and report of the special issue “drying research and development of Jiangnan University”, Volume 39, No. 9 (LDRT)

Some exchange records of both

sides during the international

G N e gL Y IR e P Py e P R— collaboration
Group photo of representatives at the kick-off' meeting of nationat keyR& D projem led by Professor Min Zhang

Group photo of representations at the kick-off meeting of national key R&D project led by Professor Min Zhang
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Some exchange records of both

sides during the international

collaboration

HAARESFRHOEY %% (2012 %) -
%ﬁﬁfj‘g} ?;?sﬁ&ﬁvgmf drying led by Prof Min Zhang awarded the China National Award for Scientific and
Technological Progress (2012 Year)

Prof. Min Zhang'’s food drying group awarded the national award and DRT top ten contributor award and report of the 13th

five year national key R&D plan project on the fruit and vegetable drying the collaboration

ANl

- hﬂ!ﬂ\ A

Some exchange records of both

sides during the international

= i A
A MR R PR REY = _
Group photo of representatives at the mid-term insp g of key R & D plan projects led by co[[aboration

Professor Min Zhang

Group photo of representatives at the mid term inspection meeting of national key R&D plan projects led by Prof. Min Zhang
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Some exchange records of both
sides during the international

collaboration

Advantages of Networking

» Over 20 co-advised PhDs

» Very valuable for cost-effective research by sharing laboratory facilities
» Human resources enhanced for creativity, innovation, and shared knowledge

» Globalization of outcomes to benefit whoever wants to access the results
> IDS2024 to be held in Wuxi, China in October 2024

» China now provides highest number of papers to IDS, LDRT

» China now has the largest dryer manufacturers exporting to over 140 countries!

» Also, most number of active drying researchers in most number of universities
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Closing Remarks

Closing Remarks

International cooperation can be a powerful process for cost-effective and innovative research

Entire drying community benefits from the resulted a peer reviewed publications

Effective industry support and collaboration can lead to major economic benefits

Highly recommended to researchers at all levels!

-- Prof. Arun Mujumdar / Prof. Min Zhang
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Thank You

ArunS. Mujumdar| arunmujumdar123@gmail.com | www.arunmujumdar.com
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Chapter — 111

Importance of Drying in Support of Human Welfare
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p 11th ASIA PACIFIC DRYING
L7 s X
j’#’ff CONFERENCE 2023

Importance of drying in support of human welfare

Prof. Hong-Wei1 Xiao
China Agricultural University
Associate Editor of Drying Technology
E-mail: xhwcaugxy(@163.com

February 18, 2023

Worst of times VS Best of times!

It was the worst of times, it was the best of times!
It was the season of darkness, it was the season of light!
It was the winter of despair, it was the spring of hope!
We had nothing before us, we had everything before us!
-From Charles Dickens’ “A Tale of Two Cities” with some modification

Is it true for drying research?
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Innovation and funding applications in the drying field
are becoming more and more difficult

OAlmost all drying related technical systems have been established! For what we can do is making some
cosmetic changes! What’s you can think has already been done by others.

® EFreeze dryer was invented over 100 year ago. and there are more than 11 400 papers

® Spray dryer was invented 100 years ago and now there are more than 8 800 papers about spray drying.

® Microwave dryer was invented over 70 years ago and there are over 3 400 papers about microwave drying!
® Infrared dryer was invented over 80 years ago and there are 1599 papers about infrared drying.
OInnovations in the drying field are becoming more and more difficult.

We are using more and more indicators and more and more advanced characterization techniques to express a

conclusion that has been consistently proven for decades that one drying technique is superior to other drying

methods. It is rare to see the birth of new ideas.

O Research funding in the field of drying are becoming more and more difficult to apply. and many scholars
turn to other research fields, especially in the United States.

Editor's confusion

Most of the published papers are “Me too” imitation papers or “sandwich papers”!

wWww.VADLO.com

| ¢1,¢2,c3, &

_‘ﬂ D1,D2, D3, %

Energy

LETTERS 9

High Impact Paper Low Impact Paper
Original and imitative research!

Fewer Sandwich Papers, Please
me 00 A
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i) 2

nature

human
. geriome

THE POTATO
GENOME

To quantify how much a paper shakes up a field, researchers used a metric called a CD index,
which ranges from 1 for the most disruptive papers to -1 for the least disruptive. Analysis of
millions of papers shows that disruptiveness has fallen over time in oll analysed fields.

= Social sciences = Technology = Physical sciences - Life sciences and biomedicine

05

04
8 o3
®
g
,§ 02

o1

LA
; ' \,\/—\ '
1850 1860 1970 1980 1990 2000 2010

“Average CD), 1 the CD indax five yaars afier 3 papers pubicaton

‘Disruptive’ science has declined —
and no one knows why

For detail information you can read: Nature 2023, 613:225; Nature 2023, 614:7-8
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Let's rethink the importance of drying to human well-being

Section I: Drying and the origin of life

Section II: Drying and food security

Section llIl: Drying and human health
Section IV: Drying and Climate change

Section |: Drying and the origin of life
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Drying and the origin of life

13.7 billion years

Th e Big Bang (;r:rfv"::m rcm\c»;

PHYSICS _ "CHEMISTRY"

How and where did life originate? Continues to be one of the most fundamental questions for humanity to date.
Before the birth of modern science, creationism occupied an important position.

Drying and the origin of life

ooanes H,CO, early ocean
with copious Fe?* from
very hot acidic springs exhaust

> FeS + Geen Rust electrolyte:
‘free’ energy converters

white rust Fe(OH), \

Pan: TR RSST IN THE
GACAPAG 88 I SLANSS

“Gren rust Feds Fe¥is(OH)(,CO3:3H-0 precirsor to Banded Iron Formatior
~ - = e -

Alkaline spring

feeding Hs,, H, Serpentinization
> CHy>> HCOO

Since the birth of modern science, various hypotheses about the origin of life have emerged one after another,
among which the most influential hypothesis is that life originated from the sea.
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Miller experiment

i

AR

@

KWt Ren

SHHAUNY
it i

Stanley Miller (1953 st 23 %)

TECHNICAL PAPER

A Production of Amino Acids Under Possible Primitive Earth Conditions |n 1953, a master student named Miller in the
BY STANLEY L MILLER « SCIENCE + VOL.117,NO.3046 + 15MAY 1953:528-529 g University of Chicago found that amino acids
e can be generated from inorganic substances

Phenylalanine and Tyrosine Synthesis under Primitive Earth Conditions under possible primitive earth conditions..

BY NADAV FRIEDMANN, STANLEY L. MILLER + SCIENCE - VOL.166,NO.3906 « 07 NOV 1969:766767 @&

Drying is an essential step for the origin of life

Fluid-olivine interaction:

carbonatation, serpentinization & development of PACM18&2
HOW DOES MATTER BECOME COMPLEX +nD (PACM3) from a drying aqueous solution

\ (2 4
41

PACM 1
+nD PACM2
+n

D

By SELF-ORGANIZATION

CHEMISTRY

R ‘ i
PHYSICS . Y

L
CallMas

nature communications 3
The BRIDGE towards COMPLEX MATTER Article https://doi.org/10.1038/s41467-023-36038-6
Jean-Marie Lehn, 2022 The rocky road to organics needs drying
Recent study indicate drying and concentration is the
key step for the synthesizing living matter from Recoived: 20 October 2021 Muriel 07, Gilles o', cl Fellah!, Jihua Hao*4,
o 5 s aliata & Flore Vandier', Isabelle Daniel @', Céline Pisapia ®°, Jules Galipaud’®,
inorganic substances in primitive Earth environment. Accoptec: 13 Jaruary 2023 Marvin D. Lilley®, Gretchen L. Frith Green', Stéphane Borensztain® &
Published caline: 21 January 2023 Bénédicte Ménez®
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Cosmic embryo provenance hypothesis

g je.organic compounds to reach
'Earth after undergoing a series of high temperature
and heat environment tests

Sir Svante August Arrhenius

(1859-1927) Murchison meteorite

More than 100 amino acids, along with

E,
Deg =D°"‘P['n(r 1273 15)] X o
purines and pyrimidines, have been

REPORT

Aromatic Hydrocarbons in the Murchison Meteorite found in the meteorites, and analysis of
STHERACL PENNO, CYNL SN . SRR ¥ Wy WAL T @ indicated they were formed before they
sl reached Earth.

Phenolic Ethers in the Organic Polymer of the Murchison Meteorite

Drying is not only the key to the origin of life, but also an important
protective mechanism for living things

Water bear worms develop a unique ability to withstand
harsh environments by dehydration themselves of 95%
of their body water.

The life of dried lotus seeds can last for
thousands of years

-272 °C -+151°C
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Even the most delicate sperm can be preserved by drying
for a long time

References
1 Polge, C., Smith, A.U., and Parkes, A.S. 1949, Revival of spermatozoa after vitrification and

dehydration at low temperature, Nature 164: 666 -667.

2 Smith, A.U. and Polge, C.1950. Survival of spermatozoa at low temperatures. Nature 166:
668-669.

3 Polge, C.and Rowson, L.E.A. 1952. Fertilizing capacity of bull spermatozoa after freezing at
=79°C. Nature 169: 626-627.

ReSU|t Sh(?WS that DNA integrity was r!Ot affeCted by the Mouse pups born from sperm stored on the International Space Station for 9 months. -
freeze-drying procedure. -Nature Reviews Urology 2012
0 0 O

USIUG0T1 745A
United States Patent 1 (1] Pateat Number: 6,071,745
Lin ot al. 141 Date of Patent: Jun. 6, 2000
Research FEreeze-drying of Bovine Spermatozoa
09 Dec 1961 B G SAACKT & 1. O. ALMQUIST 154 METHOD AND FORMULATION FOR OXAZTHI VWS Fumpens . OF.
INOPHILITING CULTURED MOMANCELLS 4 B £2ime g o Ok
Nature TO PRESERVE RNA AND DNA CONTAINED OTHER FUBLICATIONS
. IN CELLS FOR USE IN MOLECULAR @ - i
Volume: 192. P: 995-996 HOCOGY FAPLIMENTS
175 tavestons: Chirg| Putvy Lim, Herules; Robert
s W s of
Research Cakt Jeffevy 1, Proenac, Md;
b Cynihia Frunch, Irvise, Coil ., ¢t ol (1996) “Enmuring Revowery of ot
& 0 Yanagimach 173 Assignce Who-Rad Laborstortes, Hescoks, Calit Tt Dianises.s Moteniiie eecasunss
Nature Biotechnology R1] Apph Nos oNISA2S Jeomogs, Thoms, A (197) “EEt of fanmlesicn o
Volume: 16. P: 639-641 2 Tyoptiliescin, put 1, VD eokmeology X(1) 3842,
132 nke Jua. 27, 1997 Jenmngs, Thoas, A (1997) “Effsct of fonmbsicn ca
" . E 51 WL N s ) 4345,
ek ok
Sperm drying was a hot topic in Nature. 12 usa asn s o bt pnly vty
56 Vit of S i e s pltonion 4740,

Section ll: Drying and food security
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Food security is the cornerstone of national stability and security.
Without food, there must be rebellion!

Food Prices and Political Instability

It was found that in low income countries increases in the international food prices
lead to a significant deterioration of democratic institutions and a significant
increase in the incidence of anti-government demostrations, riots, and civil conflict.

-International Monetary Fund Report based on over 120 contries during the period 1970-2007
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Food Price Index
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Worsened by the war between Russia and Ukraine, the COVID-19 pandemic and extreme weather, the international
food price index has risen for 30 months and heat the highest level since its creation in 1990.
The last global food crisis led to social unrest in many countries in the Middle East and North Africa.

Feeding the world is a ground challenge

l
W.NA {

BlIGHT

\J
Cold Tolerance in Rice

and Org:

(1) The global population will rise from 8 hillion currently to 10 billion hefore 2100 (Science 2014, 346: 234-237)

(2) With the increase of urbhanization and income, the food diet structure will be transformed from plant based food to
animal based food, which needs more resource (Nature 2014, 515: 501-502).

(3) Food production is also affected by extreme weather, water shortages, pests and diseases, soil degradation ect.
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Drying is an important way to reduce postharvest loss

(1) Due to their high moisture content, strong respiratory metabollsm, perlshable texture, postharvest fruits and

vegetables spoil easily. The average postharvest loss rate is 28-36% (Environmental Science and Technology 2016, 50:
8432-8443).

(2) Drying is an important way to reduce postharvest loss
©® prevent the growth and reproduction of microbial proliferation;
® mitigate moisture-mediated deteriorative biochemical reactions;

® reduce the costs of packaging, transportation, storage and processing

Therefore, suitable drying technology and equipment is of great significance for ensuring world food security!

Section Ill: Drying and human health
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Drying and human health
A PREVENTABLE CANCER

Liver cancer is difficult to treat, and lethal if not caught early. But its most common causes,
such as hepatitis viruses and obesity, can be prevented. By Lucas Laursen. )

OUT OF PROPORTION
2 Not only does livor cancor strike moro mon than women, it also Cancer incidence (new global cases per year in millions)!
causesa number of lated deaths. % 5
“ Although it Is the sixth most common malignancy worldwide, Lurg

it Is second only to lung cancer in terms of mortality. 228,000 Breast 5 :
Colorecial : 3 ik
Prostate : c
Stomach : : :
Liver =

]82||]ﬂ[] 0 05 10 15 20
Estimated global
number of new cases of Carcer mortality (global deaths per yeer in millions)’
[} liver cancer in 2012 ¥ 3 e
(ret. 1) Lung .
Liver e
Stomach :
Colorectel
T phediags of pacels 554,]][]” Broast
the United States who survive for Men
five years after being degnosed Oesophageal

with liver cancer® 0 05 1o 15 ﬁ

Nature 2014, 516: S2-S3.

Globally, 28 percent of liver cancer is caused by insufficiently dried and moldy food,
and the figure is as high as 60 percent in Sudan !

RISK ASSESSMENT
Urer cancer e vy iy babemes cuniie.wilhthe hghest ks occrring s A¥ics s amt A The e ey s procied by choonic ber darmuge
most commonly caused by hopatits B. Highhghtnd below ars cther commen causes in salscted countries.
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frograrrim stated 1990
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T WA Nature 2014, 516: S2-S3.
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Excessive levels of mycotoxins in agricultural products are a common problem in
many developing countries, where mechanical drying is inadequate.

Dried foods that have been reported to be contaminated
with aflatoxins

Category Food sample

Cereals, grains, and related Rice!™!
products Maize!””

Soybean meals'
Breakfast cereals®**!]

Dried fruits and vegetables ~ Apricot™
Date™!
Figl*+-*l
Quincc"m
Raisin™*

Nuts Almond™”!
Brazil nut™
Peanut™”'*
Pistachio®”*%!
Hazelnut!**)
Walnut®$£%%1
Cashew nut™™

Herbs and spices Chili powder! 1%
Dried chili (pod)""!
Black WPPCH’T'M”
Cumin powder!'*}
P;lprikﬂlm" 104.105]
Ginseng roots''*®!

Ginger powder!'"

Drying Technology 2015, 33: 1700-1707

9]
76]

The International Association for Research on Cancer classifies
aflatoxin as a Class 1 carcinogen

The famous journal Nature reported the discovery of
aflatoxin and its carcinogenicity were reported for three Assessment scores and grades of

continued years from 1961 to 1963! common carcinogens

on heat-sterilized, _non-t.oxié gro(md.nut.s. A “ﬂ 7 ’#; u._‘ jk I.‘:;i i".’ Tl' (Jl}:“ f#; n ii }i Jt: Sk "J:;- ‘»f’ ';}i

days at room temperature extracts propared from the mm
visibly mouldy nuts were shown to contain the blue-
fluorescont material and to bo lethal to day-old r % 4 & 4 (afatoxin) 100 ! .—I
duckhngs,. PrOducm.g the ty'plcal liver 19810318. 3 =¥ & & & ¥(dimethyl nitrosanune) 95 1
The toxin-producing fungus has now been identified B Z 16 (vinyl choline) 9 1
as Aspergillus flavus Link ex Fries. o SO T
2,-3-Z 08 B A M tris(2,3- 2 1
dibromopropyl-phosphate))
no.ssas  September 15, 1962 NATURE 2- % B&(2-naphthylamine) 81 1]
Biological tests on day-old ducklings indicate an Note a * 8 L
LDy, of about 60 pg for this material, cation w 65 m
Work is in progross on the further characterization  a mixtu -
of the compounds described and on the elucidation of 248 % ¥ 3E(2-nitroaniline) 31 1A%
their structures. s » .
I %Y % R(BHA) 1A}
.7+ (chlordane) 40 v
Toxicity and Fluorescence Properties of th: ¥ # (saccharin) 36 \
Aflatoxins 5 . (DD1 31 \
. . " Al ) B
_Tux isolation, characterization and somo of tho propor-
ties of four closely relutod companents of aflatoxin, the IARC: International Agency for Research on Cancer

mixture of toxic motabolites produced by cortain strains of
Aspergillus flavus, have been described previously!. These
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In 1991, two Nature papers revealed the mechanism of aflatoxins
causing liver cancer

Mutational hot spotin the p53 gene in human
hepatocellular carcinomas

1. C. Hsy, R. A. Metcalf, T. Sun, J. A. Welsh, N. ). Wang & C. C. Harris

Nature 350, 427-428 (1991) | Cite this article
1142 Accesses | 1436 Citations

Abstract

12 Altmetric | Metrics

HUMAN hepatocellular carcinomas (HCC) from patients in Qidong, an area of high
incidence in China, in which both hepatiris B virus and aflatoxin B, are risk factors!, were
analysed for mutationsin p33, a putative tumour-suppressor gene. Fight of the 16 HCC had a
point mutation at the third base position of codon 249. The G - T transversion in seven HCC
DNA samples and the G = C transversion in the other HCC are consistent with mutations
caused by aflatoxin B' in mutagenesis experiments >, No mutations were found in exons 5,
6, 8 or the remainder of exon 7. These results contrast with p53 mutations previously
reported in carcinomas and sarcomas of human lung, colon, oesophagus and breast; these
are primarily scattered over four of the five evolution-arily conserved domains, which
include codon 249 (refs 4-9). We suggest that the mutant p33 protein may be responsible
for a selective clonal expansion of hepatocytes during carcinogenesis.

Selective G to T mutationsof p53 genein
hepatocellular carcinoma from southern Africa

Brigitte Bressac, Michael Kew, Jack Wands & Mehmet Ozturk

Nature 350, 429-431 (1991) | Cite this article

1004 Accesses | 1250 Citations | 12 Altmetric | Metrics

Abstract

HEPATOCELLULAR carcinoma (HCC) is a prevalent cancer in sub-Saharan Africa and eastern
Asia'. Hepatitis B virus and aflatoxins are risk factors for HCC?, but the molecular

h islargely
the structure and expression of the tumour-suppressor gene pS3 are frequent in HCC cell
lines*, and allelic losses from chromosome 17p have been found in HCCs from China’ and
Japan®. Here we report on allelic deletions from chi 17pand f the p33
gene found in 50% of primary HCCs from southern Africa. Four of five mutations detected
were G -+ T substitutions, with clustering at codon 249. This mutation specificity could

3 A

of human lar carc litiesin

reflect exposure to a specific carcinogen, one candidate being aflatoxin By (ref. 7), a food
contaminant in Africa®, whichis both a mutagen that induces G to T substitution® and a
liver-specific carcinogen!®.

The development of drying techniques to reduce mycotoxin contamination
is closely related to everyone's health
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The impact of drying on human health is not only that it inhibits the

growth of mycotoxins but also that most medicines and vaccines
are produced by drying

0, ol ° °
S blORXlV
% $ Marbor
THE PREPRINT SERVER FOR BIOLOGY
New Results A Follow this preprine

Lyophilized mRNA-lipid nanoparticle vaccines with long-term stability and high
antigenicity against SARS-CoV-2
Liangxia Ai,Yafes Li, Li Zhou, Hao Zhang, Wenrong Yao, Jinyu Han, Junmiao Wos, Rurywe Wang, Weijie Wang, Pan Xu,
Zhouwang Li, Chengliang Wei, Haobo Chen, Jianqun Liang, Ming Guo, Zhixiang Huang, Xin Wang, Zhen Zhang,
Wenjie Xiang, Bin Lv, Peiq: Peng, Shangfeng Zhang, Xuhao i, Zhangyi L, Huryl Luo, Janping Chen, Ke Lan, Yong Hu
doi: https:/idoi.org/10.1101/2022.02.10.479867

Harris, RJ.C. Preservation of biological materials by freeze-

drying. Nature 1951. 168 (4181). 851-853

Drying of Vaccines and Biomolecules > Bourne. G.H. Freezing and drying. Nature 1952, 170. 723-724

Bhaskar N. Thorat, Ayantika Sett &A. S. Mujumdar Bell. L.G.E. Edmond about and the technique of freezing and
Drying Technology. Volume 40, 2022 - Issue 3 drying tissues. Nature 1952, 170 (4326) . 547

Section IV: Drying and Climate change
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Section IV: Drying and Climate change

e e — M T M

O Climate change is one of the most ground challenges threatening sustainable development
of the world and human well-being.

O Reducing GHG emissions is the inevitable choice to control climate change.

O Drying is the most energy-consuming industrial sector, accounting for about 10-15% of a
country’s total industrial energy consumption

Drying is playing a key role in curbing climate change

O Coal drying can enhance power generation performance and reduce carbon emissions.
Removing 6% of moisture in fuel, the boiler performance can be enhanced by 2.6-2.8%.
O Natural gas can be transported long distances only when it is dehydrated.
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Taking natural gas for another example

MOLECULAR SORPTION A

somo | C

Hydrolytically stable fluorinated — r
metal-organic frameworks for
energy-efficient dehydration

Amandine Cadian,'* Youssef Belmabkhout,' Karim Adil,' Prashant M. Bhatt,"
Renjith S. Pillai,' Aleksander Shkurenko," Charlotte Martineau-Corcos,*”
Mllll'h'l,‘ aa. At 1

Natural gas must be de! ratedbemnunbetrans ed and used, but conventional dryiny
agents such as activated alumina or il lecular sieves require an energy-intensive
desiccant-regeneration step. We report a hydrolytically stable fluorinated metal-organic
framework, AIFFIVE-1-Ni (KAUST-8), with a periodic array of open metal coordination sites
and fluorine moieties within the contracted square-shaped one-dimensional channel. This
material selectively removed water vapor from gas streams containing CO,, N,, CH,, and higher
hydrocarbons typical of natural gas, as well as selectively removed both H,0 and CO, In

N, g streams. The ion of the water

by the AIFFIVE 1-Ni sorbent requires relatively moderate temperature (~105°C) and about

half the energy input for commonly used desiccants.

In this paper, a metal-organic compound was developed to replace
molecular sieve to adsorb the moisture in natural gas, which reduced the

A i B e ] Rl S

resurrection temperature from 300-320 °C to 105°C, and reduced the SRR R e e
energy consumption of drying. Science2017, 356:731-735

Reducing energy consumption of drying is an eternal topic. This is
true even for expensive vaccines that are not energy-sensitive

=== Drying (12976) Drying a tuberculosis vaccine without freezing

0.9 A

Yun-Ling Wong*, Samantha Sampson’, Willem Andreas Germishuizen®, Sunali Goonesekera', Glovanni Caponett*,
o Sadoff', Barry R. Bloom", and David Edwards*!
Drying & Energy (2176) i »

Cambeidge WA GI1IR Dupartmentof iy d rfctios Dt anard
o T Veccing Feumdoton. 1% Aoun

0.8

~— Drying & Food (2981) Corrituted by Rty R Mceam, Docamber 11, 1006 fut forroview Ortobor &, 3006)

0.7 G rththe locressing Incdence of teberculoshs sed drug resktant  with g
= dhiania I doveloping countios us o MIV/AIDS. thor s anesd for

064 = Drying & Modelling (1668} Guérin (BCG) vaccine. We demonstrats that BCG vaccine can be

refrigerated and room-temperature stabibty for months through
9rey deeg. Staches with 3 model Mycodectrum Uycsbect
th) revealed that by removing salts and cryopro-

toctant (hg ghycaral) from bactarial wipentions, the tignificant
i pressures that are normally produced 00 Dacterial mem-
mmmm:-uwmn

By placing the bacteria in & matrix of leucine, high-yleld, free
flowing. “vial-fillable” powders of bacteria Ginduding AL smeg-
matis and M. bovis 8CG) can be produced. These powders show
and28°C

Number of papers (scaled)

prepared both with the same formulation and with a commercal
Tormalation reveal that the spray-dried BCG has better overall
visbitty oa drying

“The current energy efficiency of dryer 1s very low. So Even small improvements in
energy efficiency can lead to huge energy savings and reduced GHG emussions.
Employing multistage drying, intermittent drying, and hybnd drying technologies, as
well as developing innovative drying and energy savings technologies, such as

0 T T T T T d
1985 1990 1995 2000 2005 2010 2015

Year optimization of each stage of the drying process through more precise detection and
3 better control, and utilizing renewable energy such as solar, wind, and biomass.”
Applied Energy 2014, 131:323-344 Drying Technology 2015, 33: 1679-1680.
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For more reading you can refer to the papers

nature SEELE
Drying Technology
Explore content v About the journal v Publish with us v An International Journal
nature > correspondence > article
£ ISSN: 0732-3937 (Print) 1532-2300 LS
. .
Mining shell waste will not be easy Importance of drying in support of human welfare
Xiao X, Zhen-Jiang Gao & A. S. Mujumdar
Hong-Wei Xiao & Arun S. Mujumdar
ire 525,321 (2015) | Cite this article
1941 Accesses | 1 Citations | § Altmetric | Metrics To cite this article: Hong-Wei Xiao & Arun S. Mujumdar (2020) Importance of drying in support of
human wetare, Drying Technology, 38:12, 1542-1543, DO 10.1080/:07373937 2018, 1686476
To link to this article: hitps//dol.org/10.1080/07373937.2019. 1686476
If the chemical industry is to profit from refining waste crustacean shells and other by- Drying Technology, Volume 38, 2020 - Issue 12
products of seafood processing, collection problems and food-safety issues need to be Editorial | Published Online: 06 Nov 2019 | Views: 6056 | Citations: 26
overcome (see N. Yan and X. Chen Nature 524,155-157; 2015).
Gathering sufficient animal feedstock for commercial purposes will be a formidable Drving Dryfng Eﬂf'}gﬂ;’,‘;’z An Int:r:::i::zal Journal
challenge (R. L. Naylor et al. Proc. Natl Acad. Sci. USA 106, 15103-15110; 2009). The transport 'kd]";';|og‘. hetged "’“’““"f““""‘.'"““"”"“’”mz"‘ o . )
and storage of seafood by-products from different processing plantsis also likely to be = Guest Editorial: Some Mitigation Strategies for Climate
extremely costly. "C;l::g xeuu

" " : Published online: 01 15.
Moreover, expensive energy-intensive drying of crustacean shells would be necessary to ontings 08 Sep 20

prevent microbial growth and production of carcinogenic bacterial aflatoxins. Other health

risks could arise from bioaccumulation of contaminants (such as heavy metals in shells) or
from cross-species transmission of pathogens and perhaps even of prions through the food @ CrossMark

chain (L. Cao et al. Science 347, 133-135; 2015). Click for updates

Much basic phenomenon in the drying process
is still poorly understood.

4 Droplet 4 4 A
4 N $ Surface R R R‘Ing-hke deposit

T T | ] "

% A . - o5 —— = s
o¥ [c . DB . o~
= aaa
I |
Contact line Particle

When a particle-laden droplet evaporates on a solid surface, the particles form
aring-like deposit. The explanation for this phenomenon, provided in 1997, has
led to advances in many areas of science and engineering.

Capillary flow as the cause of ring stains from dried liquid drops 4,812
W3 IR

Deegan, RD; Bakajin, O; (...); Witten, TA

Oct 231997 |NATURE 389 (6653) , pp.827-829 11
2R

“Why coffee stains have pronounced boundaries, where most of the materials is deposited.
This material is uniformly distributed in the initial drop, so why does it get concentrated
around the edges? *
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Closing remarks

“Just like the situation by the end of the 19th century, most people believed that almost all of
the mysteries of the physical world, from electricity and magnetism to optics and radioactivity
have been discovered. The history of science and technology is replete with examples of
declarations by famous men of science and technology that there was nothing more truly
worthwhile remaining to be done in their areas. History has also shown this to be consistently
wrong.”

~-Prof. Mujumdar, Drying Technology 2013, 31:1191.

When we are confused about the future of drying research we
can go back to the origin of the question “What is the importance
of drying to human being” ?

Thanks for the encouragement and help of my mentors and
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Dr. Wang Jun Dr. Deng li-Zhen Dr. Yu Xian-Long

Zhang Jing-Shou

Prof. Zhang Min (JNU) Prof. Pan Zhongli (UC-Davis) Prof. Zielinska (UWM) Prof. Sutar P.P. (NIT)

Prof. Duan Xu Prof. Zhang Qian Dr. Fang Xiao-Ming Dr. Ju Hao-Yu Prof. Law Chung-Lim (Malaysia) Prof. Martynenk A. (Canada ) Prof. Karim A. (Austria) Prof. Nema P.K. (India)
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Thanks for the encouragement and help of my mentors and
colluborators both at home and abroad.

Prof. Sutar P.P. (India) B Wg (IRX) HKELHARR (NI
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Books Edited
by
Prof. Arun S. Mujumdar
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MATHEMATICAL
MODELING
and
NUMERICAL
TECHNIQUES
127
DRYING
TECHNDLOGY

HANDBOOK

elired by @

IAN TURNER

ARUN 8. MUJUMDAR
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EOITED WY ARUN S. MUJUMDAR
ARUN S. MUJUMDAR

Handbook of Drying Technologies in
. . Food Processing
Industrial Drying -

Fourth Edition Xiao Dong Chen and Arun S. Mujumdar

HANDBOOK OF

INDUSTRIAL
DRYING

D El

ARUN S. MUJUMDAR Edited by

Arun S. Mujumdar
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advances
in drying

L ]

Advanced Drying Advances
Ieclmologles inTransport
Tadeusz Kudra Processes 'x

Arun S. Mujumdar

Second Edition

Handbook of Advanced
Postharvest Technology Drying

Technologies
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Free eBooks Available
at

www.arunmujumdar.com

Drying of Foods,Vegetalles and Fruits Drying of Foods Vegetables and Fruits
PVolume 2 TVolume 5

DRYING OF FOODS, VEGETABLES
AND FRUITS

Editors
S\V. Jangam, CL. Law, AS. Mupuzndar

&

Editors Edhors
Sachia Vjangam, Chung Lim Law, Arun S Mejumdar Sachin V jangam, (hung Lim Law, Arun $ Mojumdar

Solar Drying: Fund, tals, Applicati Processing and Drying of Foods,

and Innovations IN DUSTRIAL DRYI NG Vegetabites and Fruits

Principles and Practice

Editors
WL CL. Jangam, $.V. Chiang, C.L, Mujumdar, A5,
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INDUSTRIAL
TRANSFER PROCESSES

Arun S, Mujumdar

Spray Dryl R&D Needs,
TECh nOIOg Challenges and Opportunities

Volume One
Editors
M.W.Woo, A.S. Mujumdar, WiR)

for Innovation in Drying Technologies

Processing and Drying of
Tropical Fruits

Editors
Law, CL, Hii, L., Jaogam, SV, Mujumdar, A.S, A, CL Jungaem, SV Ong, 81, Shom, PL., Muguendar, AS.

SeloctedTopics in heat and Mass
Trangport

Jundika Candra Kurnia
Ages Pulung Sasmito
Sachin Vinayak Jangam
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Chinese Translation of English Book Authored by Prof Arun

S. Mujumdar
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Book in Chinese via-authored by Professor Min Zhang and
Professor Arun S. Mujumdar Entitled High-Efficiency
Hybrid Dryers. Won a National Award in China in 2019
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Chinese Translation of Book Coauthored by T Kudra and A S

Mujumdar: Advanced Drying Technologies, 2" Edition
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Advanced Drying Technologies
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Advanced Drying
Technologies

Chemical Industry Press
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