Accepted Manuscript o

CHEMICAL

In situ crystallization kinetics and behavior of mannitol during droplet drying ENGINEERING
JOURNAL o

Chen Loon Har, Nan Fu, Eng Seng Chan, Beng Ti Tey, Xiao Dong Chen T )

PII: S1385-8947(18)31453-0

DOL: https://doi.org/10.1016/j.cej.2018.07.202

Reference: CEJ 19600

To appear in: Chemical Engineering Journal

Received Date: 22 November 2017

Revised Date: 23 July 2018

Accepted Date: 29 July 2018

Please cite this article as: C.L. Har, N. Fu, E.S. Chan, B.T. Tey, X.D. Chen, In situ crystallization kinetics and
behavior of mannitol during droplet drying, Chemical Engineering Journal (2018), doi: https://doi.org/10.1016/
j-cej.2018.07.202

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cej.2018.07.202
https://doi.org/10.1016/j.cej.2018.07.202
https://doi.org/10.1016/j.cej.2018.07.202

Page 1 of 39

Title:
In situ crystallization kinetics and behavior of mannitol during droplet drying
List of authors:

Chen Loon Har*, Nan Fu™", Eng Seng Chan®®, Beng Ti Tey"¢, Xiao Dong Chen™’

¢ China-Australia Joint Research Center in Future Dairy Manufacturing, School of Chemical and Environmental
Engineering, College of Chemistry, Chemical Engineering and Materials Science, Soochow University, 199 Ren-Ai Rd,
Suzhou Industrial Park, Suzhou City, Jiangsu 215123, People's Republic of China

*Chemical Engineering Discipline, Monash University Malaysia, Jalan Lagoon Selatan, Bandar Sunway, Selangor
46150, Malaysia

‘Advanced Engineering Platform, Monash University Malaysia, Jalan Lagoon Selatan, Bandar Sunway, Selangor 46150,

Malaysia
* Corresponding authors

N. Fu, Email: nan.fu@suda.edu.cn; Tel: +86-512-65883267; Fax: +86-512-65882750

X. D. Chen, Email: xdchen@mail.suda.edu.cn; Tel: +86-512-65882767; Fax: +86-512-65882750

ABSTRACT

In this paper, we explain the crystallization process of mannitol during convective droplet
drying based on the crystallization kinetics calculated from two mathematical models coupled
with experimental iinvestigations. A novel differential-reaction engineering approach was
developed, correlating the mannitol crystallization behavior to the deviation of droplet drying
kinetics at different drying temperatures. The model was compared with a conventional glass
transition-based model and the evolutions of droplet saturation state, density and morphology
during drying were experimentally determined, to provide a comprehensive analysis on the
crystallization of mannitol as droplet drying progressed. Two crystallization stages were
identified. Mannitol solids firstly nucleated and precipitated at droplet surface, and the
crystallization kinetics was similar at different drying temperatures (70, 90 and 110 °C). The
removal of residual moisture at the second stage was dependent on the drying temperature,

with lower temperatures of 70 and 90 °C exhibiting an extended crystallization period
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