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J Problem statement J Methods

« EGAT agency has prepared the electricity and energy business for carbon

neutrality that is in line with the goals of the world and Thailand. Leading _ High Temp Low Temp_
to raising the goal of carbon neutrality in 2050 and net zero emissions in " s
2065 by using science research and innovation application of advanced Y il il
techncﬂogy for trapping Carbon Ca pture, Utilization and Storage (CCUS) o R ﬂ y & terephthalate terephthalic dihydrazide 4-(hydrazinecarbonyl)benzoate
* Carbon Capture, Utilization, and Storage (CCUS) is a set of technologies and Crystal bipyramid shape

processes designed to capture carbon dioxide (CO,) emissions produced

. : . . . . Hydrothermal method NH,
from the use of fossil fuels in electricity generation and industrial 0. NH
processes. CCUS aims to prevent CO, from being released into the

. . . +  — 3D [Tb(HCB),]X

atmosphere, where it contributes to climate change. 2

Th(X)

(X = NOj, (1), CI-2H,0 (2),
X =NO;, Cl, Br, | ; ?

* Metal-Organic Frameworks, MOFs will be

developed for CO, gas capture i Br-2H,0 (3), I-:2H,0 (4))
* There is an emphasis on developing research personnel in various N
fields. To support production that uses advanced technology and (HCB)

to have more innovations and highly skilled scientists as the
country needs

4-(hydrazinecarbonyl)benzoic acid
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Coordination environment of [Tb(HCB),]-X Perspective view of 3D frameworks 3D frameworks with the guest (chloride
(X=NO,, Cl, Br, |, ) along the c axis without the guest molecules anion) molecules reside in channels
Orthorhombic, Pccn reside in channels
» Phase purity and Thermal stability
” As-synthesized compound 4 | o o Tb@Water 100 +~—— _ . __;
’ Simulated compo n;i 4 L L il - | —3
u e : Y
J A WW | Tb@Ethanol 90 — 4
= | ! e -
A ERRINENT i L I P @i Proparal | gy \
- Tb@Acetonitril
-%" “ | Simulated compound 3 3 ——L—w—L rre Mo A b N Gt = i ‘\\
= M A = L o Th@Acetone %’ 70 -
= | Aﬁ_ As-synthesized compound 2 'E L - - Tb@Ethyl Acetate = |
b ) A P T U W S R e (=]
S Simulated compound 2 T J 5 Tb@Dichloromethene > 60 - A
- A, G Sk ch : . :
O Th@Dioxane
o A As-synthesized compound 1 ——-—-—L—’—* Mrveassesemasmaiei S e 50 -
ST T 1L T SIS I -G o, 10 7SO e | Tb@Toluene _
l z | Simulated compound 1 L As-synthesized of Tb 40 -
i T " ) A (PO O IRT © RN I A TR | T Ay e e A
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 100 200 300 400 500 600 700 800
2-Theta (degree) 2-Theta (°) Temperature (°C)

Powder X-ray diffraction patterns ot simulated, as-synthesized (left), in various solvent (middle) and thermogravimetric analysis curves (right)
for compound 1, 2, 3, and 4
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1} Four novel porous metal-organic framework (MOF) materials incorporating
bifunctional ligands were effectively synthesized and thoroughly characterized
using spectroscopic and diffraction technigues.

2) After optimizing the synthesis in milligrams, the next step is to scale up
production to grammes. Moving from lab-scale synthesis to industrial-scale
output requires scaling up.

3} Good chemical (wide range of solvents) and thermal stabilities (up to 330 °C)
make these materials acceptable for industrial usage.

4) High-pressure CO, adsorption isotherms for activated samples of these materials
will be studied.

5) Developing a prototype of a carbon dioxide (CO,) absorbent technology for use
in EGAT’s power plants is a complex task that involves multiple engineering and
scientific considerations.
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Research Objectives Carbon Dioxide Capture and Utilization

» To synthesize and physical characterize of new porous metal-organic “Carbon dioxide is not a waste product
frameworks (MOFs) under solvothermal conditions. t it will be a valuable substrate in the future”

» To study the CO, adsorption-desorption of new porous MOFs at <
different temperatures under pressure 1 bar. |

» To Investigate the catalytic activity of new MOFs based heterogeneous
catalyst for CO, conversion into value-added chemicals

Synthesis Methods
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o o —o— Ads 273K
—0— Des 273K

—a— Ads 288K —9— Ads 288K
— o Des 288K : [ —O— Des 288K
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Investigation of Catalytic Property

i Schematic representation of cycloaddition reaction

—a— Ads 273K
—O— Des 273K

M
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CO, uptake (cm’/g)

3
CO, uptake (cm’/g)

—
o
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Catalyst, TBABr

i
under mild conditions

Epichlorohydrin carbonate

The crystal packing of compounds 1 and 2

Compounds 1 2 { Catalyst 0.02 mmal
System monoclinic triclinic TBABr 0.02 mmoal
Space group P2./c P_1 | Temperature 80 °C
12.5458(5) 13.2524(9)
23.0626(9) 13.4544(9)
9.9841(4) 17.4104(13)
90 107.189(2)
108.693(1) 92.644(3)
90 105.680(2)
2736.40(19) 28626.4(4)

pH and Solvent Stabilities = | . ITime (hmur)l

The mechanism path of the cycloaddition reaction of CO, with epichlorohydrin

et e o N : SVINEL.L
J PU—— R ~——____ Conclusions }——

e i o= » Two new MOFs have been successfully synthesized from the same
—{;wﬂ:wmwmwmi? starting materials using different bromo-substituted benzenedicarboxylic
._-f"".-_v_mw'm-ﬂ_.r-q,-wmﬁw-ﬂ-_wu-“wﬂ:m~m~w;?~~ ligands by solvothermal conditions and fully characterized.

The activated 1 and 2 exhibited good thermal stabilities. These

PR FCH T compounds showed good solvents and pH stabilities in the range of pH3-

60.80%

% Conversion

Entry3

pH7
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e Interestingly, the maximum CO, uptake capacities of activated 1 and 2
-Theta (degree) 2-Theta (degree)

were 49.95 and 18.87 cm®/g at 273 K under pressure 1 bar.
= Furthermore, 1 can also act as a heterogeneous catalyst for the

2[@Benzene

2@Dichioromethane cycloaddition reaction of CO,, and epichlorohydrin under mild conditions
i to produce epichlorohydrin carbonate as starting substrate for chemical

2@Dimethylformamide

2@Acetonitie industries.
i Overall, the present study demonstrated that MOFs can readily be used

2@Ethanol

2@Methanol as an alternative materials for value-added products to promote the net

2@Water

1@Hexane

1@Benzene
1@Dichloromethane

e r—

1@Acetone

|

e e e e

1@Dimethylformamide
1@Acetonitrile
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1@Propanol
1@Ethanol -

1 @Methanﬂl_-‘_
1@Water
1@As-synthesized

: zero CO, emissions.
J_l (T ot 1@Simulated

2@As-synthesized
¥ I 1 r L] I i r L I 1 r ¥ I 1

‘ : :_ 2@Simulated
e Future Prospects
S 10 15 20 25 30 35 40 45 &0 20 25 30 35 40 45 50

2-Theta (degree) 2:Theta (degree) » Measurement of high-pressure CO, adsorption-desorption of activated
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Introduction Results

Photodynamic therapy (PDT) 1s a promising modality for a noninvasive cancer treatment. PDT uses an | | Electron densitity distribution and UV spectra: The HOMOs in Figure 3a are characterized by strong 7 character
external chemical (photosensitizer, PS) that absorbs light and generates appropniate energy tfor *0, (°})—'0, (A ); | | at the formazanate heterocyelic and phenyl rings, whereas LUMOs are localized. The HOMOs and LUMOs suggest
the cellular oxygen *O, absorbs the energy released from the excited PS through the relaxation between triplet | | that BF,-FORM possesses a significantly lower © character than BF,-FORM-D. The UV spectra in Figure 3b show
excited state (T,) and ground state (S,) to generate 'O,. Therefore, PS turns on therapeutic effects in the presence | |that BF,-FORM and BF,-FORM-D absorb light at _, = 446 and 534 nm, respectively, which are in good

of 10,, and its toxicity leads to cell death as shown in Figure la. agreement with the experimental absorption spectra, A™** = 531 nml?l,

Electron Transfer

Cell death

Transfer | Type Il

G-[1]9/E-[1]"

H (1)

o
Two
Photon Photon

—— BF,-FORM
e BF,-FORM-D

G—u
S

Figure 1 a) Jablonski diagram and pathway of photodynamic therapy (PDT).!1b) Structure of BF,-FORM and
BF,-FORM-D.

Boron difluoride formazanate dyes (BF,-FORM in Figure 1b) are fluorescent dyes with several applications m

microscopy. Because BF,-FORM dyes exhibit outstanding photophysical properties, such as large molar extinction

Cross section/ A¥molecule

coetticients and high fluorescence quantum yield (in the far-red or near-infrared range), they have a high potential

in cell imaging and photodynamic therapy applications. In this work, to improve the etticiency of PDT, theoretical

i
550

methods were applied to study the mechanisms for photoluminescence of BF,-FORM dyes and its derivatives Wavelength/ nm

(BF,-FORM-D). The emphases were on the probabilities for mterconversion (IC) and mtersystem crossing (ISC), # P
Figure 3 a) HOMO and LUMO of BF,-FORM-Din the S,and S, state, b) UV absorption spectra of BF,-FORM and ‘ | ‘

as well as the ettect of the 10dine substitutions (the heavy atom etfect) on photophysical properties. BF,-FORM-D.

Computational M ethOdS Potential energy suiface: The S,58, fluorescence (F) of BF,-FORM and BF,-FORM-D (*E-[2]*a—G-[2])

occur at 581 and 552 nm, respectively. The PES suggested two possibility for phosphorescence; (1) P, occurs right

The computational methods used in this work are shown in Figure 2.
after the S,—T, mtersystem crossing (ISC at 814 and 864 nm, respectively); (2) P, takes place after the ISC and

] [ ] ] ] ] 3 3 ]
Startig coofigurations oEBE; DFTADONT | Bouilibin sk of BF; it dyesand structure relaxation to the equilibrium structure in the T, state (*E-[3]3—>°E-[4]*) (1365 and 1430, respectively). The
formazanate dyes and substituted forms = substituted forms (-CN, -NO,)

(-CN, -NO,) In various local dielectric constants (S,, S, and T,) | . latter (P,) are close to the energy for *O, (32g)—:a-10;1 (1A g), 1378 nm (0.90 e V)31,

Ra 3
NEB methodine=1 and 78
mx E :'/k/T} l

N H et e
i —  Excitation and radiations (24.5)

300 b 300
M N - PESin §,, S,, T, states a) | R3Sy — e - [ 3] ) '
- - . C 250 (280~ 250 - : 64 TE-[3]
Ry - Transition states » [C and ISC 1 IE-[2]% ) - B2 —] SE-[3]5
o s 1 f3 1 T‘_‘_‘_‘_‘_‘_-_'_"—_fﬂ_-___-_:*.r. -
-_Energ i — Fluorescence and phosphorescence F 200 - (-9.5)" 4.1)

F P,
(2.03)5%

(581 nm)

s

DFT = Density functional theory |

£

o
=

TD-DFT = Tune-dependent density functional theory l l_ 2y~ (2.p5)5S (864

e = _ . : | (513nm) (552{nm)
NEB = Nudeed Elastic Band TST calculations NVE-MDSH simulations

] p
PES = Potential energy surface l L | -54.87°7 )T G-{3] OHT) S
[C = Internal conversion . - . " ‘ (405~ G2 2 [ (-B1.7)* (1430{nm)
t | - Thermodynamics - Population of state > L ; ' (580 ¥
O —

[SC = Intersystem crossing and kinetics properties - Relaxation time ” G_‘m.,q (-21.3)Re ] T > ol e G-14]

s

=
=

AER kJ/mol
AERYY kJ/mol

2
&

=
=

TST = Transition state theory - elc.

NVE-MDSH = nonadiabatic mucrocanomcal molecular dynamuics Reaction ]Hlﬂl Reaction path

simulations with surface hopping dynamics

o i []
_ S T Saodszaanvesralniams/ Insaniseen
BF --formazanate = Boron difluonde formazanate " v

Software TURBOMOLE., COLUMBUS, ChemShell and NEWTON-X efc.

Figure 4 a)-b) Mechanisms of fluorescence and phosphorescence for BF,-FORM and BF,-FORM-D, respectively.

Develop and improve a process, an
effictency efc. of photosensitizer

BF_,—fn:}mmzanatE:[ IIII; cancer therapy. Co n C l u S i on S

By

=
Pyl

Figure 2 The theoretical methods used in this work. Equilibrium structures of BF,-FORM and BF,-FORM-D in the S, S, and T, states are the same, characterized by

Results

Equilibrium structures: In the S, state, the equilibrium structures of BF,-FORM and BF,-FORM-D are The UV spectra suggest that BF,-FORM and BF,-FORM-D absorbs light at 4., = 446 and 534 nm, respectively.

bent, propeller and pertect planar structures, respectively.
The HOMO and LUMO show lower © character in BF,-FORM than BF,-FORM-D.

characterized by bent structure (G-[1]% ), whereas the propeller (*E-[2]®9) and perfect planar (°E-[4]°9) structures Fluorescence of BF,-FORM and BF,-FORM-D occur at 581 and 552 nm respectively.

represent the structures in the S, and T, states, respectively. The photoexcitation energy of BF,-FORM 1s higher Two possibilities for the phosphorescence are:

than BF,-FORM-D, ( A D] G A A R AR cand 514 nm, respectively). * P, occurs after the S, > T, ISC at 814 nm and 864 nm tor BF,-FORM and BF,-FORM-D, respectively.

TD-RHF
» P, takes place after the “E-[3 |>—>°E-[4]* structure relaxation with 1365 nm (BF,-FORM) and 1430 nm (BF,-
Table 1. Structures and energies of BF,-FORM i the S,, S, and T, states, obtamed trom DFT and TD-

DFT/B3LYP/6-311G calculations. [...] = values for BF,-FORM-D.

FORM-D) which close to the absorption energy for the O, —'0O, transformation, 1378 nm, leading to cell
death.

[BF2-FORM] [BF2-FORM-D] ET ApSeS | ARSSSD G p

Erpryr | SFTD-RHF,PES! Acknowledgement:
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Photocatalysis of enzymatic decarboxylation of unsaturated acid:
catalytic process improvement

Pannipa Panajapo, Phorntep Promma, Parichart Suwannakham, Kritsana Sagarik™

School of Chemistry, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand.

Introduction Results and discussion

Enzymatic decarboxylation of a,p-unsaturated acid has been of interest [1-4] because Analysis of the proposed mechanisms in Figure 1b revealed two types of consecutive

the reaction has been anticipated to be a promising, environmentally friendly industrial elementary reactions involving: (I) Intramolecular proton transfer in prFMNn (Type A) or

process for producing styrene from natural resources. Payne et al. [1] suggested that styrene intermolecular proton transfer from prFMNin to Glu282 (Type B); (II) heterocyclic ring

could be produced directly from cimnamic acid using ferulic acid decarboxylase (Fdcl) expansion (1somerization) and; (III) reverse protonation. The theoretical results suggested

enzyme and prenylated flavin mononucleotide (prFMN) as the cofactor (Figure la).

that both pathways are not favorable due to high energy barriers. After several reaction path
Because two forms of prFMN, namely, the iminium (1m) and ketimine (ket), possess

different catalytic activity, and the photoisomerization of prFMN' to prFMN*!reduces the

optimizations, the calculated PES suggested two low energy barrier paths.

For Type B in Figure 3, the photoisomerization could proceed through the S,—§S,

etficiency of styrene production, |
vertically excited prFMN"*4, which relaxes to the S,/S, mtersection, and followed by

) ' : : 1m ket : ' -
In this work, the photoisomerization of prFMN™—prFMN** hypothesized by Bailey, et intermolecular proton transfer from prFMN™ to Glu282 (1) and heterocyclic ring expansion

al. [5] was studied 1n detail using quantum chemical methods, transition state theory (TST) (IT) to form Gr3Exted . The reverse protonation and generation of prFMNE! could occur in

both S, and S,

respectively.

and molecular dynamic (MD) simulations. The theoretical results could be used as
guidelines for the styrene inhibition of the
prFMN"—prFMN* isomerization.

states, with a low energy barrier (III) and barrierless energy (III)",

improvement of production by

Ciind b

| UV light (Il}

r Ii -y, A
i
TIF# H (n251

"I..
ArglTd M

erMNket,uq

Fdel enzyme

Fdcl active site “'uq;‘w" Gr2Ex

nuzsz u:';mzsz
(I1—111)

Figure 1 a) PrFMN™ in the active site of Fdcl.

b) Proposed mechanisms for the

photoisomerization of prFMN"™—prFEMN¥ et [5].

Computational methods

1 prEMNi=

g
ﬁ.
; (-106.0)"

mux'-l
"_._{91} ""FM'"'“' mz} GrlF

Intermolecular proton transfer , Ring expansion |Reverse protonation

M,
ArglTa i
“' :rSEll‘,f

Figure 3 The elementary reactions and

zw — | PES for photoisomerization of prFMN®
—prFMN¥ (Type B), obtained form quantum
chemical calculations.

) {Eﬁ[l] |
: (86.0) ”"“ Gr'r 1o

{
priFMN-[1] : (-1 86 8kl

AERY kJ/mol

3 pﬁﬁlm :

The active site of Fdcl consisting of prFMN™ and Argl73, GInl90, Glu277 and

Glu282 were used as a model system. Based on the results obtained from geometry and

reaction path optimizations, prFMN!—

prFMN*' were conducted in the S, and S, states using the DFT/B3LYP/DZP, TD-
DFT/B3LYP/DZP and NEB methods.

. : ‘ : Ractiun path
the photoisomerization mechanisms for

The photoisomerization Type A, which mvolves S,—S, vertical excitation, concerted

intramolecular proton transfer and ring expansion (I—II) to produce prFMNX also

possesses a low energy barrier.
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Figure 2 Computational methods used in this study.
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-Conversion of Oil Palm Empty Fruit Bunch to Value-Added Biochemical
Laksamee Jeanmard, Wichitpan Rongwong,* Wanna Choorit

Biomass and QOil Palm Center of Excellence, Walailak University, Nakhon Si Thammarat 80161, Thailand

Introduction

Oil palm is a major industrial crop in tropical countries.! Until now, palm oil manufacturing processes have
utilized only 10% of biomass products from palm oil and palm kernel oil, while the remaining 90% of
biomass Is defined as waste. Oll palm empty fruit bunch {OPEFB) is one of the daily leftover solid

residues from oil palm manufacturing, weighing many tonnes per day (Figure 1).2 The accumulation of
OPEFB might be harmful to the environment due to waste mismanagement.
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Fresh fruit bunch

L

Fibre Shells Empty fruit bunch  Palm Oil Mill Effluent

Crude palm oil Industrial process
Palm tree .

Waste!

Figure 1. The palm oil production process

However, OPEFB literally represents a huge supply of cellulose, which can be used to yield several high-
value chemical feedstocks.? One of those is levulinic acid {LA), which is an ideal building block to produce
value-added chemicals. Examples are 2-methyltetrahydrofuran (2-MeTHF), and y-valerolactone (GVL) as
fuels, tetrahydrofuran (THF) and 2-MTHF as solvents, succinic acid as a chemical intermediate, 5-amino
levulinic acid {35-ALA) as an agrochemical, a-angelica lactone, levulinate ester, and valeric acid as
fragrances and food additives, 1,4-butanediol, and 1,4-pentanediol as plasticisers, as well as nylon 6,6
{polyamide) as a chemical used In polymer synthesis {Figure 2).

O~

o
0.0 w2 o
W )\/T WH\DH
g-Anpelicalactone  Etfyl levulnate  valeric acid

Plostc ragrancesl food addiives

Figure 2. Application of levulinic acid {LA)

Agriculture Is a key economic sector in Thailand, where it is a major food and agricultural product exporter.
However, the increased import and use of herbicides over the past decade raises concerns about
potential risks to the health of farmers, their families, the general population, especially children, and the
environment. Glyphosate, an active substance in commercial herbicides, is commonly used to control
non-selective weeds. However, Thalland has imposed some restrictions on its use due to its potential to
cause cancer and other harm to people and the environment.?

Results and Discussion —

To apply optimized conditions
for the synthesis of 5-ALA
from bio-LA
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The transformation of LA (1) into 5-ALA (3) was proposed in three steps (Scheme 1). LA was Initially
esterifled with MeOH under acidic conditions to provide methyl levulinate 4 Iin 74% crude yield.
Bromination of 4 was carried out in the presence of CuBr, at 40 °C to afford 3-bromo levulinate 2 in 50%
vield. 3-Bromo levulinate and 3,5-dibromo levulinate were also obtained as byproducts. To improve the
yield and selectivity of 2, the amount of CuBr, and reaction temperature would be optimized.

0O

)I\/\H/OH H2304 CUBI’z -
MeOH, 50 °C, 5 h MeOH:CHCI5 (1:1)

O 40°C,5h
74% crude yield 50% yield

1

Scheme 1. The synthesis of 5-bromo levulinate 2

With S-bromo levulinate 2 in hand, the one-pot synthesis would be set as a final step. First, ammoniation of
2 was performed under the conditions of NH, in MeOH. 5-Aminolevulinate 5 was expected to form. After the
removal of MeOH, the intermediate & was treated with © M HCI at 40 °C for 2 hours to give the unknown
crude product (Scheme 2).

0
H,N OH

5-ALA O

purification and characterization
are in progress

B
\ O 0
6 M HCI Cl S HEN\)-I\/\H/DH

50°C,2h

6 © 5-ALA O

gquant. purification and characterization
are in progress

Scheme 2. Attempted synthesis of S-aminolevulinic acid (5-ALA)

Methods

J-Aminolevulinic acid {(5-ALA) is a non-proteinogenic five-carbon amino acid. It is an essential precursor
for the biosynthesis of natural tetrapyrrole compounds, including porphyrin, chlorophyll, heme, and vitamin
B12. 5-ALA has been widely used in a broad range of applications {Figure 3).

N

Use Iin agriculture as a non-toxic biodegradable herbicide, a
plant growth promoter, and an animal food additive

Use in the medical field as a powerful photosensitizer for
cancer and tumour treatments

"-----.‘.
tpeeesmnmmn?

Use as an essential precursor for the biosynthesis of natural
S5-aminolevulinic acid (5-ALA) tetrapyrrole compounds

/
Figure 3. Applications of S-aminolevulinic acid {S5-ALA)

Owing to its high-valued applications and being non-toxic to humans and animals, 5-ALA has received a
lot of interest in being used as a natural herbicide in place of the restricted glyphosate. Our research
focuses on repurposing OPEFB, a solid waste byproduct of palm oll production, as a chemical feedstock
LA and converting bio-LA into value-added 3-ALA (Figure 4). The initial step is to produce bio-LA from
cellulose using hydrolysis reaction, while cellulose can be obtained by pre-treating OPEFB. The first stage
has been mentioned in numerous reports. The second stage is the conversion of bio-LA into 5-ALA, which
IS the main focus of this work.

-~
)y S

9-ALA {3)
Figure 4. The proposed synthetic pathway of 5-ALA from bio-LA through the chemical method

We envisaged that the transformation of LA into 5-ALA would be set up via a three-step synthesis including
esterification, bromination,” and one-pot ammoniation/hydrolysis (Figure 4).° A more sustainable and cost-
effective synthesis approach with fewer steps is being studied, redquiring the use of non-hazardous

chemicals and mild reaction conditions. The short-synthesis method would minimise production costs,
paving the way for the industrial process.

Results and Discussion

Another synthetic pathway of 5-ALA was also studied. We converted levulinate 2 into carboxylic acid 6 by
hydrolysis reaction. Then, ammoniation of & using NH, in MeOH furnished the unknown product. The
ammoniation of 3-chlorolevulinic acid 6 was tricky due to the presence of a reactive carboxylic acid
functional group in the same molecule. As with when we concentrated the crude product from pathway A,
the temperature was set at 40 °C to avoid polymerization at high temperatures. Crude products from both
pathways were characterized by 'H-NMR spectroscopy compared to commercial 5-ALA. The H-NMR
analysis results of the crude product from pathway A are in accordance with the 'H-NMR data of

commercial 3-ALA (Figure 3). The crude product from pathway A Is reduired to be purified by
crystallization to obtain good NMR data.

Crude product from pathway B in D,0 (500 MHz)

\

Crude product from pathway A in D,0 (500 MHz) =~

-

SRRRRRRRR

]

w
L A s | fea

= - - . . e mw o

Commercial 5-ALA in D0 (500 MHz)

Figure 5. Comparison of 'TH-NMR results of crude products to 'H-NMR data of commercial 5-ALA

Conclusion

The synthesis of 5-ALA from commercial LA is ongoing. The crude product from the synthetic pathway A is
required to be purified by crystallization. Once the 'H-NMR results of the pure product are similar to the
reference’s, this method will be applied to the bio-LA. The bromination method using a non-toxic bromine
donor is needed 1o develop for high yield and selectivity. As we are concerned about laboratory safety,
bubbling ammonia gas from the cylinder into cold MeOH should be avoided. The freshly generated
ammonia gas from the ammonia solution is suitable to prepare a saturated solution of NH, in MeOH on a
laboratory scale. However, the ammoniation reaction using NH, in MeOH would be able to perform in the
Industrial process as it Is easy to set up and work on.
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Enhancing Bio-hydrogen and Bio-methane
Production of Concentrated Latex Wastewater (CLW)
by Co-digesting with Palm Oil Mill Effluent (POME) :

Batch and Continuous Performance Test and ADM-1 modeling
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Introduction )

In concentrated latex factories, a large amount of ammonia and sulfuric acid are used for the pretreatment of concentrated latex, resulting in a massive volume of concentrated latex
wastewater (CLW) containing a high concentration of nitrogen (816—-1,970 mg/L) and sulfate 1,889-4,210 mg/L, as well as chemical oxygen demand (COD) of 3,350-5,430 mg/L with 3.1 of C/N ratio is
discharged!?. Consequently, CLW has resulted in various environmental problems. Currently, some factories treat CLW using an anaerobic digestion (AD) process as a wastewater treatment system.
However, low biogas production yield has been reported in previous studies>“. This observation is due to the sulfate concentration in CLW that can be transformed to hydrogen sulfide (H,S) under anaerobic
conditions>, which can later inhibit methanogens, resulting in uncertain AD process with possibly low biogas vield. Moreover, high nitrogen contents in CLW may also lead to AD process failure, since the
inhibiting microbial growth in AD can be occurred. To overcome the limitations of CLW treatment by the AD process mentioned previously, the sulfate and nitrogen concentrations should be diluted in order
to reduce the inhibitory level and enhance biogas production. Palm oil mill effluent (POME), namely the wastewater from palm oil mill, an important industry in the south of Thailand is one of the attractive
choices to deal with the problem. POME has low total nitrogen (820-970 mg/L) and very low sulfur compound with quite high organic matter of 78,290-96,300 mg/L of COD, high C/N ratio (21.97-27.59)°.
Hence, using CLW and POME as co-substate is one wise way of diluting the potential produced inhibitor (H,S, ammonia, long chain fatty acid) balancing the macro and micronutrients, as well as the C/N
ratio of the AD process, and consequently increased gases production vield compared with single substrates of CLW digestion and maintaining system stability. Moreover, the co-digestion of CLW as
nitrogen-rich substrate with carbon-rich POME was suggested as the potential method to increase significant gaseous biofuel production under the control conditions of qualified co-substrates.

A promising system is represented by a two-stage AD process combining hydrogen (H,) and methane productions (CH,). This two-stage AD is an interesting process to treat sulfate-rich
wastewater. The process is optimized by employing two separate reactors in series, operated at different conditions to have two different communities of microorganisms in each reactor by adjusting the pH
and microbial growth, shorter detention time, and a higher energy recovery rate’. Additionally, the continuous stir tank reactor (CSTR) and up-flow anaerobic sludge blanket (UASB) reactor have various
advantages and are attractive to be used for two-stage AD process of CLW and POME as co-substate. Recently, researchers have applied more complex models, such as modified versions of the I'WA
Anaerobic Digestion Model No.1 (ADM-1)%. The ADM-1 model was developed to explain the AD process. Therefore, the model has been widely used, investigated, and enlarged to predict a large plurality of +
anaerobic wastewater systems until now. To our knowledge, there are lacked studies on the co-digestion of POME with CLW for H, and CH, production potential using a two-stage AD) process which is the
novelty of co-digestion substrates. This is to increases the capacity of the process through synergism, and the biodegradability of feedstocks could be improved by optimizing their complementary interaction.
Therefore, this research aimed at investigating the possibility of co-digesting POME with CLW for H, and CH, production by employing the two-stage AD process. The POME:CLW mixing ratio effect was
studied in batch mode, and the optimum POME:CLW mixing ratio was subsequently performed in a series of CSTR and UASB reactors. The modified ADM-1 implementation for the two-stage AD process
of POME and CLW was also further examined in this research.

MethOdS Batch Performance Continuous Performance

First stage: Biohydrogen potential (BHP) Second stage: Biomethane The schematic diagram for continuous system reactor set up and operation
potential (BMP) ©
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Table 1 potential of producing H, and CH, from batch two-stage AD process of POME:CLW at various mixing ratios

Concentration in assa Total

POME: (100 mL working vﬂluniye) chstage G, Shage Energy

CLW C/N COD TKN  Sulfate Alkalinity  Yield Energy Yield Energy (kI/gVS)

Ratic (¢/L) (¢L) (mg/L)* (mg/L)** (mL/gVS) (kJ/gVS) (mL/gVS) (kJ/gVS)

106:0 2500 1919 0.18 0.00 3,175.00 115.572 1.222 543.25% 18.212 19.432

70:30 21.80 18.06 0.51 8.87 3,355.00 04.16° 1.00" 538.012 18.70(2 15.702

5¢:50 17.00 1730 0.73 14.78 3,475.00 84.65¢ 03.90¢ 520.74> 17.46" 18.35P ) 10 20 30 40 50 60 70 8O 90 100 150

30:70 1230 1655 0.95  20.69  3,595.00  73.999 0.789 468.52¢  15.70¢  16.49¢ in{d) —

— — Simmlated %C' 0y ----0---- Experimental %C0,

0:100 S5.10 1542  1.28 29.56 3,775.00 66.204 0.70¢ 435.60° 14.60° 15.30¢ Simulated YeH

&4 312 the statisﬁ-:al-l}r sigrjﬁ-:a.ut difference (p = 013}, *SUlfate concenTation was caloulated based on LLW becanss sulfate in POME was oot analyzed, **Alkalinity concentration was measured afier nuzing of POME and LLW m sach ratio

® Fig.4 gas concentration of H, Fig.5 gas concentration of CH,
C O n(:luSlon ) production in the CSTR reactor production in the UASB reactor
L This study illustrates the possibility of co-digestion between POME and CLW. It proves that POME could enhance the biogas production yield of CLW by using the AD process.
U The optimum mixing ratio of POME:CLW was 70:30, achieved from the batch AD process. This ratio gave the highest total energy yield during the AD process and revealed the highest synergisms
of about 9.21%.
U The different HRTs of POME:CLW at 70:30 mixing ratio was investigated in first stage AD process by using CSTR reactor for producing H, and the highest H, vield (95.45 mlL/g-VS) was

obtained from HTR 7 days and OLR 3.14 g-V§/L-d. Conversely, the 15 days of HRT with 1.20 g-V§/L'd of OLR was examined in second stage AD process by using UASB reactor for producing CH,

with the yield 204.52 mL/g-VS.
J The model ADM-1 model framework was established, 9.10 % and 2.43 % of error fitting of H, and CH, gas between model simulation data and experimental data were found.
1 The research work demonstrated a novel and feasible approach for co-digesting POME with CLW to efficiently gcenerate valuable gaseous biofuel, mixed H
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< Introduction

|
AT

The crude palm o1l extraction mdustry produces empty palm fruit bunches (EFB) approximately 230 kilograms/ton - O1l palm fresh fruit bunches (Chavalparit et
al., 2006). Some EFB 1s used as material for growing straw mushrooms and producing compost or mulch, which still has many EFB left, although some parts have
been used. EFB contains 44.2% (w/w) cellulose, 33.5% (w/w) hemicellulose, and 20.4% (w/w) lignin (Suksong et al., 2016), and has the potential for biofuel
production. However, a hydrothermal method using water with temperatures in the range (150-220 °C) as a medium for cracking the structure of lignocellulose 1s used |
to condition the feedstock. To produce hydrogen gas by connecting dark fermentation i Continuous Stirred Tank Reactors (CSTR) and microbial electrolysis cells by

mixed bacterial groups (Mixed cultures).

Empty palm fruit bunches (EFB) Hydrothermal pretreatment Acidogenic anaerobic dark fermentation 6 L

working volume in CSTR

e e L Hydrogen production in a 2 L microbial
Initalizanon of hydrogan GG i electrolysis cell, working volume 1.8 liters.

production i a microbial Multimeter i oy | | . * = The effluent solution was then transferred to
electrolysis cell _ | reactor with anode and insert the Platinum
(A) hirst step, startup of the Coated-Titanium Mesh cathode into the reactor
system to 2 MFC cells, | tank. Apply a potential difference of 0.8 volts
(B) second step modify one — — _;‘ : JEER— | from external power supply. The gases

MFC cell to MEC for Microbial Microbial Microbial Bl 900 v N e e = '""_-__ﬂ _ generated from the microbial electrolysis cell

l Fuel Cell Fuel Cell Fuel Cell . / | - - -
hydrogen production. | MEHE S is Cell | ""r { were measured using the water displacement
.- - ] Power Supply :
- method. The Gas components and concentration

of volatile fatty acids were investigrated with a
Design and initialize the MEC cell system The performance of the dark fermentation machine GC-TCD and GC-FID, respectively.

process series and MEC cells.

Results & Discussion

Characterizations of the EFB hydrolysate

Character of hydrolysate

Total Solid 2,77 £ 0.06 % (w/w)

Volatile Solid 2.10 £ 0.05 % (w/w)

Ash 0.67£0.11 % (w/w)

Xylose 7.24 + (0.06 g/LL — ®m — Outlet pH
23,200 £ 3,064 mg/L 10

pH 4.5—5.6 =0 °0 | Operating Time (Day)

Operating Time (Day)
Hydrogen production rate from hydrolysate m CSTR

- b
b O
== B =

Hydrogen Production Rate
(LH/LD
o
o

n
o

—@— Hydrogen Production Rate

Hydrogen ProductionRate (mL-H2/L-D)

o

B Acetic Acid 4 Propionic @ Butyric Acid

o
3

YMEC (mmol-H2/g
COD}

g

Substrate MEC Volume (mL} | InputVoltage(V} |QMEC (mL H2/LD) Reference

Voltage (V)

Concentration (meg/L)

2

Dark Fermentation effluent 180 0.23 1061 32.44 This study

¢

ME R BB EEEEEREEEEES. . —e—MFC Output —e—MEC Input Dark Fermentation effluent 1,800 0.80 1,324 33.05 This study
9 10 15

Operating Time (Day) ? 1{] Acetate 450 : 14 (Sun et al., 2008}

Operating Time (h

VEAs from the effluent of hydrolysate fermentation The potential difference from the biotuel cell and the |
in CSTR potential difference fed to the microbial electrolysis cell BageEennsataiom et #e ' 480 33.20 (Wang et al., 2011}
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Impact of nickel, iron, and molybdenum addition on two-stage anaerobic digestion

for enhanced hydrogen and methane production trom palm oil mill effluent

Prince of Songkla University, Songkhla, 30110, Thailand

The etfect of trace element (Mo, Fe, Ni, and Co) addition on two-stage hydrogen and methane
production trom POME and change of microbial community under thermophilic conditions
was mvestigated. The optimum condition for maximizing the two-stage hydrogen and methane
was 10 mg-L! of Mo, 6 mg-L! of Co and 10 mg-L! of Fe and 6 mg:L' of Ni with hydrogen
yield of 55 mL-H,-gVS'! and methane yield of 320 mL-CH,-gVS!. Addition of Mo combine
with N1, Co and Fe can enhance hydrogen and methane yield via two-stage anaerobic
digestion process. A quantitative realtime PCR of 16S rRNA genes was used for monitoring
etfect of trace element on responsible bacteria and archaea. The abundant bacterial population
in hydrogen stage was related to Thermoanaerobacterium thermosaccharolyticum which 1s
responsible for Fe and N1 addition. Methanoculleus sp. was dominant methanogen in methane
reactor and responsible to Ni addition. Bacterial populations in methane reactor were
responded to the addition of a combination of Fe and Mo, while archaeal populations were
responded to the addition of N1 and Mo. A nuxture of Fe, N1, and Mo addition could enhance

hydrogen and methane production, hydrogen-producing bacteria population, and methanogen
population m two-stage anaerobic digestion process.

. RESEARCH METHODOLOGY

-----

- Palm oil mill effluent

—h

Palm oil mill

Biogas plant
£ =

Supplementation | |
trace element &) L
Co, Ni, Fe, and Mo P L
POME Seed sludge
I Two-stage anaerobic digestion l
ACH,
Lﬂg —
1
+ | Methanogenesis +
20%0 hydrogen inoculum Hydrolysis 80%% methane inoculum
* — _
incubated for 4 days incubated for 45 days

CHA
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A Wolvbnanum
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The two-stage hydrogen and methane production has attracted growing attention worldwide due to its high potential to use as
a vehicle tuel and probably an alternative to the fossil-based hythane (Liu et al., 2013). The two-stage hydrogen and methane
production 1s also an environmentally friendly process and a promising way for both waste treatment and energy production from
wastewater (Zahedi et al., 2016). Successtully two-stage hydrogen and methane production from palm o1l mill ettluent (POME)
has a hydrogen yield of 210 L-H2+kgCOD-' and methane yield of 315 L-CH4+kgCOD-' with generating energy of 15.34
MJskgCOD-! (Mamimin et al., 2015).

Trace elements known to be crucial for the activity of enzymes in methanogenic systems are cobalt (Co), nickel (N1), ron
(Fe), and molybdenum (Mo) (Romero-Gliiza et al., 2016). The addition of trace metals in the fermentation of waste can enhance
biogas production to 14-30% (Zhang et al., 2011). Biogas production from the anaerobic digestion process with a high level of
trace element, leading to inhibited anaerobic microbes results in low methane production (Romero-Giiiza et al., 2016).

Until now, the optimal concentration of trace element and combination of trace element for anaerobic digestion process and
two-stage hydrogen and methane process has been less extensively studied and also no report has linked the etfect of trace element
on process parameter to microbial community composition. This work aimed to investigate the effect of trace elements (cobalt,
nickel, molybdenum, and wron) on two-stage hydrogen and methane production from POME under thermophilic conditions and
change of microbial community.

[ |Hydrogen yield —A— I-HBU —@—HAC —8—N-HBU

Jiravut Seengenyoung 2, Sompong O-Thong »*, Wanna Choorit¢, Chonticha Mamimin ¢ ¢, and Sukonlarat Chanthong !
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° Biomass and Oil Palm Research Center of Excellence, Walailak University, Tasala, Nakhon Si Thammarat 80161, Thailand; ¢ Department of Biotechnology, Faculty of Technology,
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@ ABSTRACT @ INTRODUCTION / OBJECTIVES

. RESULTS AND DISCUSSION

Effect of trace elements on hydrogen and methane production
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Etffect of trace metal on hydrogen production in second stage found that was produced during 15 days of incubation with cumulative methane
90% of hydrogen gas was produced during 4 day of mcubation. Maximum  production ranged of 300486 mIL-CH, gVS!. The methane yields from

hydrogen production was achieved at Fe, Ni and Co of 20, 10 and 6 mgeL.- POME hydrogenic effluent were ranged between 183-297 mL-CH,*gVSl.
! (run 17) with hydrogen yield of 45.1 mIL-H,*gVS!. At concentration of The highest methane yield (297 mL-CH,*gVS™!) obtained from run7 with
10 mgeL! of iron (Fe), 5 mg<L! of nickel (Ni) and 3 mgeL! of cobalt (Co) 20 mgeL! of iron, 6 mgsL-1 of cobalt and 10 mg+L-! of molybdenum.
and 5 mgeL! of molybdenum (Mo) addition was also increases hydrogen Lowest methane yield (183 mIL CH,-gVS1) was achieved from run 17
production (run 21) with hydrogen yield of 44.9 mI.-H,+gV S-..

Optimization of trace element concentration on two-stage hydrogen and methane production
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mg-1-! of Mo, 6 mg-L-! Co and 10 mg-1-! Fe and 6 mg-1.-! Nt with hydrogen yield ranged between

element (Co, Ni and Mo) present in effluent less than 5 mg- L1 from mitial
concentration of 3-10 mg-L-! except in run 7. However, iron was still remaining in
effluent after anaerobic digestion process of 3-7 mg-L-1.

Initial final Initial final Initial final Initial final

POME By : <0.5 < <0.5 = <0.5 =

77 71 3 <().5 10) <().5 5 <().5

87 4.4 6 <().5 <05 <0.5 10 ]

67 4.2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

87 5 6 <0.5 10 <0.5 <0.5 <0.5

3.8 3 <(.5 5 <().5 5 <0.5

77
. References
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183-300 mIL-CH,-gVS! Under

After anaerobic digestion with trace element (N1, Fe, Co and Mo) add:tion, the trace . Conclusion

stage anaerobic digestion process.
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The 3D response surface of trace metal concentration on cumulative hydrogen, the The 3D response surface of trace metal concentration on cumulative
optimum condition for maximizing the two-stage hydrogen and methane was 10 methane, the methane vields from POME hydrogenic effluent were

optimum

of 55 mlL-H, gVS! and methane wyield of 320 ml-CH, gVS-!. The highest concentration, the predicted maximum cumulative hydrogen of 70 ml -
concentration of iron (20 mgeL') resulted in increases of hydrogen production. H, and cumulative methane of 479 ml-CH, was obtained from the
Combination of Mo with Ni, Co, Fe can increase the rate of methane generation quadratic regression model.

v The optimum condition for maximizing the two-stage hydrogen and methane was 10 mg-1L! of Mo, 6 mg-L! of Co and 10 mg-1L-! of Fe and 6 mg L of Ni with
hydrogen vield of 55 mL-H, gVS-! and methane vield of 320 mL-CH, gV S-..
Iron (mg:L') | Cobalt (mg-L1) Nickel (mg-L') | Molybdenum (mg-L)
v Addition of Mo combine with Ni, Co and Fe can enhance hydrogen and methane yield via two-stage anaerobic digestion process.
v The abundant bacterial population in hydrogen stage was related to Thermoanaerobacterium thermosaccharolvticum which responsible to Fe and Ni addition.
v' Methanoculleus sp. was the dominant methanogen in methane reactor and responsible to Ni addition.

67 5 3 <0.5 5 <0.5 5 <0.5 v Mixture of Fe, Ni and Mo addition could enhance hydrogen and methane production, hydrogen producing bacteria population and methanogen population in two-
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Methane production in second stage found that 90+ of methane production

which gave the maximum hydrogen vield

Effect of trace element on microbial community
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(WSL = Methanosarcinales, MWEB = Methanomicrobiales, MBT = Methanobacteriales, ARC = Archaea and BAC = Bacteria)

Thermophilic bactertum such as Thermoanaevobacterium sp., Thermodesu.fobacterium
sp. and Rhodothermus sp. were dominant and played an important role in hydrogen stage.
The real time PCR show that, high methane production treatment composed of 50-60%
bacteria and 17-253% archaea. High methane production treatment has relative archaea
species abundance of in AMethanothermobacter 10%, Methanosarcina 13% and
Methanomicrobial 6%. Low methane production freatment composed of 88-90% bacteria
and 3-6% archaea. Low methane production treatment has relative archaea species
abundance of 1n Methanothermobacter 2%, Methanosarcina 3 and Methanomicrobial 1%
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Preparation of oil palm wood for producing engineered wood products

Introduction

J/

Jaipet Tomad', Suthon Srivaro?!, Wanna Choorit?

'Center of Excellence in Wood and Biomaterials, Walailak University, Nakhon Si Thammarat, Thailand

?School of Agricultural Technology and Food Industry, Walailak University, Nakhon Si Thammarat, Thailand

Oil palm tree is one of the important economic crops widely planted in the South of
Thailand. After 25 years of age, oll palm tree is generally cut down for replanting. Many
attempts have been made to utilize oil palm trunk biomass for wood based products. The
objective of this research project is to develop lumber based products from oil palm trunk for
structural purpose. Since the quality of oll palm wood lumber Is essential for the development
of wood based product, here, we explored the characteristics of oil palm wood lumber dried
with hot air oven at various drying temperatures. The reduction of moisture content and lumber
quality of all palm wood were examined.

Methods

=

The oll palm trees used In this work were felled from a plantation area of

Thasala district,

Nakhon &SI Thammarat province, Thailand. The trunk was

converted into lumber with the dimensions of 100 mm x 70 mm (cross-section) x

150 mm (longitudinal) using circular saw. Before drying, oil palm specimens were
impregnated with water in a pressure vessel at 12 bar for 60 min to attain the
saturated moisture content with full cell process. These oll palm wood specimens
were then dried with hot air oven at the temperatures of 50 °C, 75°C and 100°C.

The moisture content and image of wood specimen were measured and taken,
respectively every 6 hours until the final moisture content of 18% was attained.

Results & Discussion

S

Figure 1 shows the reduction of moisture content of oil palm wood plotted against the drying time. It was found that the reduction of moisture
content of oil palm wood was strongly dependent on drying temperature. At high drying temperature, drying rate was higher.

Figure 2 shows the appearance of oil palm wood lumber at the drying times of 12 h, 26 h and 148 h. It was found that oil palm wood dried at 50
°C had uniform thickness while those dried at high temperatures of 75 °C and 100 °C showed a distorted shape.
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Figure 1. Effect of drying temperature on the drying rate.

Conclusion

i d

Figure 2. Image of oll palm wood at various drying times.
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sector.

1

& RESEARCH METHODOLOGY

Digested sludse

Peat forest soil

The food sector plays a significant role in driving climate change, with rice cultivation alone accounting for
0.62% of CH, emissions and field burning contributing an additional 0.62% of CH, emissions to Thailand's
agriculture sector's total greenhouse gas (GHG) emissions. In pursuit of climate neutrality in farms and
farming systems, this study employs methanotrophs, specifically methane-oxidizing bacteria, to miticate GHG
emissions in flooded rice paddy systems by directly converting methane to methanol. Methanotrophic
bacteria were enriched from various sources of soil in Phatthalung Province, Thailand, through cultivation on
a medium with methane in the headspace of serum bottles. The enriched cultures were evaluated for
methane consumption efficiency, considering different inoculation sizes (10%, 20%, 30%, and 40%), and
subsequently applied to rice cultivation. The methane reduction efficacy of enriched bacteria derived from
various sources, including cattle farm effluent, swamp field sediments, rice paddy soil, digested sludge, peat
forest, and cattle farm soil, was determined to be 97.9%, 95.5%, 92.0%, 79.5%, 75.6%, and 95.2%,
respectively. Notably, the enriched culture from cattle farm effluent exhibited the highest methane
reduction efficiency. Furthermore, the optimal inoculum size of 20% effectively mitigated CH, emissions in
rice cultivation. Acinetobacter sp., Pseudomonas sp., Methylosarcinag sp., and Methylomagnum sp.
dominated the enriched consortium. By leveraging methanotrophs and implementing a 20% inoculum size,
this innovative approach holds promise for significantly reducing methane emissions from rice cultivation.

This research fosters climate-neutral farming practices and enhances sustainability within the agricultural

The samples were collected from various sources of soil in
Phatthalung Province, Thailand. The pH value of the samples is
an addic pH, except swamp field sediments is a natural pH, and

the temperature of collected samples is in the range of 26-36 °C.

I

Rice is a staple food and a key commodity in Thailand, rice cultivation accounts for

Methanotrophs bacteria have the unigue ability to grow on methane as their sole source of
carbon and energy. They play a major role in the consumption of the atmospheric greennouse
gas methane and capturing biologically formed methane before it is released into the
atmosphere (Kalyuzhnaya et al,, 2019). Methanotrophs are used to reduce the global warming
notential in a flooded paddy system, which is a progressive investigation in recent (Davamani et
al.,2020). In pursuit of climate neutrality in farms and farming systems, this study employs
metnanotropns, specifically methane-oxidizing bacteria, to mitigate GHG emissions in flooded

rice paddy systems by directly converting methane to methanol.

y
=
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The methane reduction efficiency (%)

=

The collected samples were enriched with methane as the only
carbon source. The enriched culture from cattle farm effluent

exhibited the highest methane reduction efficiency (97.98%).

57.7% of the total GHG emission generated from
agricultural activity in Thailand (CCAC, 2020). The
food sector plays a significant role in driving
climate change, with rice cultivation alone
accounting for 0.62% of CH, emissions and field
burning contributing an additional 0.62% of CH,
emissions to Thailand's agriculture sector's total

greenhouse gas (GHG) emissions.

Cattle farm Peat forest  Digested  Rice paddy Swamp field Cattle farm
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Enrichment culture of methanotrophs bacteria
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Evaluation of inoculation sizes for methane consumption efficiency
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The dominating bacteria belong to the
ohylum
Gammaproteobacteria at the major
class level (89%;), which are responsible
for enriched culture from cattle farm
effluent. The dominant Family level
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cultivation by 79% compared with the control. Rice cultivation with organic fertilizer and
chemical fertilizer increased methane emission as a result, fertilizer had high nutrient content,

which supports the methanogens growth in soil and enrichment culture.

culture from cattle farm effluent showing the highest efficacy.

nromoting climate-neutral farming practices and ennancing agricultural sustainability.

Methylosarcina sp., and Methylomagnum sp. were dominant within the enriched consortium.

)
. . . The Relative abundance of phylogenetic groups in the enriched culture from cattle farm effluent at the Phylurm, Class, Family and Genus level, (18%).
The enriched cultures were evaluated for methane consumption etficiency,
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Inocutation: sizes {%) Adding a 20% inoculum size of augmentation effectively mitigated CH, emissions in rice

Enriched cultures of methanotrophic bacteria from various soil sources exnibited nigh methane reduction efficiencies, with the

Implementing a 20% inoculum size effectively reduced CH, emissions in rice cultivation. Acinetobacter sp., Pseudomonas sp.,

Leveraging methanotrophs and adopting this innovative approach holds promise for significant methane emission reductions,
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Application of Gamma Irradiation in Agriculture: Preparation and Testing of

Coconut Peat as a Growing Media for Plant Tissue Acclimatization
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" Nuclear Technology Research and Development Center, Thailand Institute of Nuclear Technology, Nakhon Nayok 26120 Thailand
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Introduction

The application of gamma irradiation in agriculture includes using gamma rays for A study by sumet (2014) reported that coconut peat contains a high level of

modifying, microbial decontamination, mutation induction, as well as pathogen and pest  Bnnins. When these tannins dissolve in water, they transform into tannic acid,
control. Nowadays, plant tissue culture is experiencing economic growth. However, farmers eading to calcium deficiency in plants and resulting in their death. Hence, it is

often encounter issues during acclimatization, as the tissue-cultured plants may be weak in necessary 1o process coconut peat 1o remove tannins before using them.

adapting 1o the environment, resulting in slow growth and even death. The selection of &g Therefore, this study is to evaluate the efficiency of gamma irradiation in

suitable medium for acclimatization becomes crucial as it plays a significant role in reducing removing tannins and providing for growing coconut peat as medium promoting the

the fisk‘'ofdiseasesauring the-germination anciearly growth stages of the plant. growth development of plant tissue for acclimatization of Homalomena rubescens

O 85% of coconut waste are discarded as waste, without any value.

O waste disposal cause pollution Normally, the preferred medium for plant acclimatization is peat moss, which is imported mint var. and Philodendron hillietiae.

from overseas 1o Thailand and is relatively expensive. However, in this study, there is a need 1o

I wusnduinsa 414 200 3ns

ﬂ.

reduce the cost of acclimatization by utilizing materials availatle in Thailland. Coconut peat,

i

il
i
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1390 uin dowWE
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AP - | derived from coconut, 1s an agricultural waste that is both inexpensive and possesses favorable
RT

properties for facilitating plant acclimatization.

Methods

1. Effect of gamma irradiation the electrical conductivity (EC) value in the leaching water of coconut peat samples

+ Apd 38 mb of D waber
. Pt D.amL « At 0.2 mk of Falin & Clocalteu's
= ==p i Regen
= Agd 2 mi of sodym carhonals
BOILTDN (7% in D) b amch fube

«  Flber with & sleve calh Pipette Tmd in 25mL )
Fiter with filhar paper Mo, 1 and § 08 water
‘ Shaka for 80 min

Concentration of Tannic Acid

Gamma ray iradiation Leaching tannins using tap water Bacteriological Analysis

0, 10, 20, 30 kGy) and measuring of EC value

Coconut peat material

2. Effect of sterilization of coconut peat using gamma irradiation and its combinations on the growth of plantlets

: coconut peat rradiated at 10 ksy

: peatmoss Fhifodendron billielfae.

Sterilization . coconut peat irradiated at 10 kGy + Peatmoss {1:1}
: coco peat commercial

: control coconut peat fwithout iradiation)

e B - Growth of plant determination at 30 days of cultivation

Coconut peat material
P Gamma ray imadiation

Results & Discussion @ and 10 KGy)

The electrical conductvity (EC) value in water was correlated with the Table 1; Concentration of tannic acid {(ppm) and electrical conductivity Regarding leaf length, the soll formulation that resulted in the longest leaves for H. rubescens mint was formula A, showing no significant

concentration of tannic acid in leaching water {Table 1}. The effects of (EC) walues from coconut peat samples, rinse water 1-3. | | | _
difference from formulas B to C. Formula D produced the smallest leaf size {Table 2}, From the figure, it can be cbserved that in formula A, the plant

gamma imadiation at doses of 0, 10, 20, and 30 kizy on EC in the leaching _ ) )
Coconut peat rinse water  Tannic acid (ppm) EC (uS/cm)

water of coconut peat samples showed no significant differences exhibits a wellformed and aesthetically pleasing structure with beautifully spreading leaves,
First time B2 27+5.33 177870

between treatments and controls, At 0.3-hour soak of coconut peat with

tap water is optimal for leaching tannin. The third rinsing can reduce Second time 34.7240.91 579120 In the expenment cultivating F. billiefiae n varous soill formulations, it was found that formula C resulted in the highest number of leaves and leaf

tannin and maintain the EC value lower than 500 pS/ocm which is optimum Third time 33.43%1.29 181270

for plant growth {Fig. 1},

i
1

015 h 0.30 h 1h 3

length, formula C produced the largest leaves for P. billiefiae, significantly different from the othier formulas. Formula D resulted in the smallest leaf size

1 (Table 3} From the figure, it can be observed that formula C promotes the vigorous growth and the leaves exhibit a healthy green color,

Finse

The results of the bactenclogical analysis testing revealed that coconut peat + peat moss {11}, imadiated at a dose of 10 ky, showed

cample, which had values of 9.2x1 0° CFU/mL, 3.7x10% CFU/mL, and =110 MPNAmML, respectively.

| 29 Rinse

‘I‘

1
I reduced quantiies of total plate count {61 CFU/ML}, yeast and mold {<1 CFU/mL}, and coliform {<0.3 MPMN/mML} compared 1o the non-iradiated
I

-
E

1
2% R
1 i |
h £ h 12 h

XL
[ &

g€ h

)
1
¥ ]: II :[ & I FE=T 3" Rinse MR X o, g o i . :_:"': e T, g " Table 2: Effects of different growing media on the number and size (length)
- I i;] I JI I . I : ; \ 0 Y . -",_. i Yy .= r of leaves of (Philodendron billietiae) after 20 days of cultivation.
25 h 27 h 30 h 48 h

24 h 2415 h Formula No. of leaf = SD Leaf length {em) = SD

W ocontrel S kGy 10 kGy i 20 kGY 30 kGy ' L - : | p | g y . 756+ 064 ©F 219+ 040 ¢

agztoen® San gAY

Figure 1: EC Values (pS/icm) after rinse water coconut peatirradiated 2t 5, 10, 20, 20 kGy, 2nd MNon-Irradizted {control) 2t various time
904 & 060 " 225+ 0517

Effect of stenlization of coconut peat using gamma irradiation and 1ts combinations on the growth of plantlets. The experment involved .‘._.--' - N * " S, TT0 0 RE S 150+ (0azd

o o | | . | . 7ragLosv® 223£035°
cultivating two types of plants in six different soil formulations, conducted in a temperature-controlled room at approximately 2522 °C. The plants

¥ ¥

were exposed to continuous light for 24 hours within a closed cultivation system, with no additional waterng for a penod of one month.

In the expenment cultivating H. rubescens mint var. in various soll formulations, 1t was found that formulas B resulted in the highest number
Mote * : Means followed by different letters are statistically clifferent at the 95%

of leaves, following dosely was formula C, showing no statistically significant difference at a 35% confidence level {Table £}. The formula with the FERREEE IRk RRERE QR Eates)

fewest leaves was formula A, which did not differ statistically from formula E {coco peat commercial} and formula F {control},

Conclusion

Takble 2: Effects of different growing media on the numiber and size (length)

of leaves of Homalomena rubescens mint var. after 20 days of cultivation.

Formula  No. of leaf = SD Leaf length (cm) = SD Coconut peat 1s a valuable agricultural waste. The process of tannin reduction, achieved by scaking it

640+ 136" 239+ 0567 three times in tap water for 30 minutes, minimizes tannin content to an optimum level for plantlet growth.

716+ 1252 227 t063% N o | | o |
a1 g ® I Additionally, the sterilization process using gamma irradiation at 10 kGay reduces disease pathogens. Both

6561 130° 200+ 066° the tannin reduction and sterilization processes of coconut peat promote the growth of plantlets, especially

+ b —+- bc : i ; R 7 :
Shb Yl il s for economically valuable plants like H. rubescens mint and F. biflietiae. Overall, this coconut peat
F-test * *

o s — demonstrates superior plant growth and can serve as a cost-effective alternative or mixture with peat moss,

Mote * - Means followed by different letters are statiztically different at the 95% which 15 a more EXDEHSiUB material.

confidence level based on the LSO test.
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Introduction

Sugarcane (Saccharum officinarumL.) filter cake is a by-product from sugar production which a Dissimilar cholesterol, phytosterol have a low capacity for intestinal absorption. Quilez et al., (2003)
source ‘of bioactive compounds such as phenolic compounds, policosanol, long chain aldehydes, reported an intake of 1.5-3.0 g of phytosterol result in the LDL-cholesterol level in blood plasma
triacylglycerols, saturated and unsaturated fatty acid and phytosterol (Alvarez-Henao et al., 2022). decreased by 8-15%. Supercritical fluid extraction (SFE) as an alternative technique for extraction and
Phytosterol or plant sterols are bioactive components with similar functions as cholesterol. Plant sterols using supercritical fluid extraction with carbon dioxide (SFE-CO,) has many advantages such as low cost,

are steroid alkaloids with differ from cholesterol in the structure of their side chain while plant stanols are preseruatiﬂn of the extracted fractions prﬂperties (arﬂma and ﬂauﬂrs)’ non-combustible, non-toxic and

ba-saturated derivatives of plant sterols (Gylling et al., 2014). The consumption of phytosterols are non-explosive solvent (Pereira and Meireles, 2010).
contributed to the reduction of cholesterols level in blood as well as the risk of cardiovascular disease in The objective of this study was to determine effect of temperature, pressure and co-solvent on the

humans. More than 100 types of phytosterols have been report in plant species, however the main types extraction conditions of phytosterols from sugarcane filter cake by using supercritical fluid carbon dioxide

Co=salvent [ Ethan
i 34 _
Fi L] =S s
7 = . . Sugarcane filter cake
o ] il T 1 ] _-
'xl x -IF'IL . ‘
| OH Solvent pum l
HO -

Sitosterol / stanol B-Sitosterol

3 :_ - B " i—I =
Campesterol / stanol CO, Pump @ !

& Extractor chamber
\‘ . Hl:ﬂl.iﬂj_.’.
H“'\-\_ [ e il

S Figure 2. Schematic of supercritical fluid carbon dioxide extraction (SFE-CQO,).

were reported are campesterol, sitosterol and stigmaterol (Kritchevsky and Chen, 2005; Fernandes and extraction (SFE-CO,).

Cabral, 2007).

Campesterol
Sample collector

Stigmasterol / stanol Stigmasterol
Moisture content of sugarcane filter cake was determined following AOAC 2000 by the loss of water

Figure 1. Structure of plant stanols and structure of campesterol, sitosterol and stigmaterol. mass of 2 g of sample after keeping in a hot air oven at 105°C until constant weight then the moisture

Source: Gylling et al. (2014) content was calculated according to;

: Moisture content (%) = (W,-W,)W. * 100
Materials and Methods

where, W, is the initial weight of sugarcane filter cake and W, is the dried final weight of sugarcane
filter cake.

Chemicals: Ethyl Alcohol (Absolute >99.5%) GR grade was purchased from DUKSAN Reagents
(Gyunggido, South Korea). Liquid carbon dioxide {99.5%) was supplied from S.1. Technology Co., Ltd.
(Bangkok, Thailand). Standard of campesterol (265% purity), Stigmasterol (>95% purity) and p-Stiosterol
(97%) purity were purchased from Sigma-Aldrich (St. Louis Missouri, USA)

Extraction by supercritical fluid CO, (SFE-CO2 )

S itical extracti ' t f d using Spe-ed™ SFE-2 itical t
Sugarcane filter cake sample was collected from New Krung Thai Sugar Factory Co., Ltd. SpS el SRRt SIS SpETHIEE RS e S HIEE Se el SR e SURSISHUGAL SYSIEi

, , _ (Applied Separations Inc., USA) with a capacity of 50 ml in the extractor vessel with a co-solvent pump.
Lum Rang, Bo Phloi Kanchanaburi Thailand.

Sugarcane filter cake was weight (approximately 5 g) and put into the extractor vessel (vessel
Table 1 Extraction conditions

Tested Temperature (°C) Pressure (psi) C;H,OH
conditions (ml/min) 60°C), pressure (100 and 200 psi) and with or without ethanol (co-solvent) during extraction for 2 hours.

volume 50 ml). Operation conditions were studied include 2 levels of extraction temperature (40°C and

1 100 0

Results and discussion (cont.)

200 The effect of temperature of 40°C and 60°C without using co-solvent on extraction yield was shown

on Figure 5. The result demonstrated that the extraction yield of phytosterol by SFE-CO, did not depend on

only the temperature. At constant pressure (100 psi) with 40°C and 60°C for 2 hours the extraction yield

was 1.44% and 1.18% respectively.
3.50 3.50

A npiied

ons

3.00 3.00 -

Figure 3. Supercritical extractor: Spe-ed ™ SFE-2 supercritical system.

2.50 2.50 +

2.00 | 200 +

Results and discussion

1.50 1.50 -

In this study the moisture content of sugarcane filter cake sample was 9.68 £ 0.12 %by weight. The

1.00 1.00 -

%Extraction vields
YoExtraction yields

effect of supercritical fluid extraction with carbon dioxide (SFE-CO,) on yields of total phytosterols

0.50 0.50 -

corresponding to the conditions of temperature (40°C and 60°C), pressure (100 and 200 psi) and with or 0.00
. 0.00

without ethanol show in Table 2. The extraction yields of total phytosterol from sugarcane filter cake rage 40C 100P 40C 200P 60C 100P 60C 200P 60C 100P 60C 100P+C2H40H 60C 200P 60C 200P+C2H40H
from 1.18% to 3.25% Figure 5. Effect of temperature and pressure on Figure 6. Effect of co-solvent with SFE-CO,, on

extraction yield. extraction yield.

Table 2. Effect of extraction conditions by supercritical fluid extraction with carbon dioxide (SFE-CO,) on Alvarez-Henao ot al. (2022) reported the effect of temperature (40°C. 60°C and B0°C) on-extraction |

katal phytesterols [wlotal yield). yield of total phytosterols by using SFCO, at 300 bar for 3.5 hour form sugarcane bagasse. The results

Tested | Temperature (°C) Pressure (psi) C.H,OH %oExtraction shown at 80°C and 60°C the extraction yield of total phytosterol was lower than at 40°C. The increasing of

conditions (mi/min) yield temperature during extraction process effect to the density of CO, was reduced. That reason resulting in
1 100 0 1.44

1.86

200 2.22

1.61
100 118 At pressure 200 psi with 40°C or 60°C the extraction yield was 2.22% and 2.51% respectively. On the other

low extraction yield due to CO, solvation power and solubility was ineffective at high temperature (Uddin

et. al, 2015; Trentini et al., 2019). The Figure 5 show the effect of pressure on the extraction yields of total

phytosterol. The results revealed the pressure was shown positive effect on the total yield of phytosterol.

3.25 | hand, at pressure 100 psi with 40°C or 60°C the extraction yield was 1.44% and 1.18 " respectively (Figure N

200 2.51 5). The result exhibit at high pressure improves the extraction yield. Increasing of pressure result in |

3.03 increase the solubility of CO, so the extracted yield was increased (Xu et al. 2011). In this study used

. . ' | ethanol (C,H,0OH) as a co-solvent combined with SFE-CO,. The Figure 6 shown the effect of co-solvent on
The extracted sample from SFE-CO, extraction with and without co-solvent (ethanol, C,H,OH) were

_ _ _ the total yield of phytosterol. Total yield of phytosterol from sugarcane filter cake corresponding to the
pre-screened compound group of phytosterol (campesterol, B-sitosterol and stigmaterol) by thin layer

conditions of 100 psi with 60°C without co-solvent was 1.18%. The addition of ethanol as a co-solvent in
chromatography (TLC) assay before taken to GC-MS to confirm the existed phytosterol and percentage
| extraction process result in increased the total vield of phytosterol. At 100 psi with 60°C and combined

purity of phytosterols in the extracted sample. The results from TLC profiling exhibit the extracted sample | | | |
with ethanol (co-solvent) revealed the highest of the total yield (3.25%,Table 2).

was contents compound group of phytosteraol (Figure 4).
- SFE-CO, 60°C+100 psi + C,H,OH RONCIUSIonS

= SFE-CO, 40°C + 200 psi + C,H,OH Sugarcane filter cake which is a waste from sugar process have a potentially as a source of
SFE-CO,60°C + 100 psi + C,H,0OH phytosterols and other interesting bioactive compounds. In this study sugarcane filter cake extracts were
-+ SFE-C0,60°C + 200 psi + C,H,OH obtained by supercritical fluid extraction with carbon dioxide (SFE-CO,) at various parameter as

temperature, pressure and co-solvent. The total yield of extraction in our work various from 1.18% to

| ]- SFE-CO, 40°C + 200 psi

3.25%. The results indicated the temperature did not show a significant effect on the total yield of
Stigmasterol phytosterols. However, the pressure and adding a co-solvent (as ethanol) exhibit the positive effect on total

B-sitosterol yield of extraction. In addition, the optimization of extraction conditions by using the supercritical fluid

Campesterol extraction with carbon dioxide parameter need to further study.

SFE-CO, SFE-CO,+C,H,OH Acknowledgements

Figure 4. Thin layer chromatographic profile of extracted sample using super critical fluid with carbon This research has received funding support from the NSRF via the Program Management Unit for

dioxide extraction (SFE-CO,) with and withqﬁ_é."hanul (co-solvent). Human Resources & Institutional Development, Research and Innovation [grant number B13F660064].
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~ INTRODUCTION

In 2018, Thailand legalized hemp for industrial and medical purposes. Industrial hemp cultivation was promoted for a variety of uses, including textiles, construction materials, and food
products. The government supported research and development efforts in this sector, and there were expectations of growth in hemp-related industries [1]l Hemp hurds are abundant biomass
waste from hemp industry. It is lignocellulosic biomass waste which can be used as a solid fuel to generate heat or electricity. However, the utilization of conventional biomass as solid fuel is still
inefficient due to its high moisture content, low heating value, and biodegradation during storage, etc. [2] Torrefaction is a mild thermal conversion process of biomass typically operating at
temperature between 200-300°C for 10-60 min under the absence of oxygen condition [3]. This process transforms raw biomass into a more energy-dense, stable, and improved solid fuel with

enhanced combustion properties. The torrefied biomass called biocoal is more brittle and less hygroscopic than raw biomass, making it easier to grind, handle, and transport [4] Therefore, this
work aims to study biocoal production from hemp hurd via torrefaction process.

Hemp hurd i Bio-green powerplant

RESULTS & DISCUSSION

++» Biocoal production from hemp hurd via dry torrefaction process Table 1. HHV, solid yield and energy vield of bioccoal from hemp hurd

Property Value

HHV (MJ/kqg) > 20
Solid yield (%) 3851 - 67.78
Energy vield (%) 4449 — 82.02

Table 2. Ultimate composition of biocoal from hemp hurd

Hemp hurd Biocoal Ultimate composition Value

C (%) 5218 - 71.04
H (%) 389 — 553

Tube furnace N (%) 093 - 120
S (%) < 0.05

. Table 3. Proximate composition of biocoal from hemp hurd
Pilot scale
Proximate composition Value

ALV U {Hc:tary Kiln) wuusiaiilas "X T —— Moisture (%)
i 1 Volatile matter (%) 2837- 6227

Fixed carbon (%) 3353 - 6884
Ash (%) 530 - 1017

Table 4. Production cost estimation of biocoal from hemp hurd

Production Cost (Baht/kg)

Lab scale ~ 1000
FPilot scale ~ 100

Biocoal

Rotary klin furnace

The HHV of biocoal was higher than biomass feedstock and closed to the HHV of lignite
and sub-bituminous coal The solid yield was decreased with increasing temperature and
< Solid yield and energy yield were calculated as the following equation: retention time. On the other hand, the HHV of biocoal was increased with increasing
temperature and retention time. For ultimate composition, the biocoal consisted of higher
o Mass of torrefied sample (g) carbon content, lower hydrogen content than the biomass feedstock. For proximate
Solid yield (%) = Mass of feedstock (q) x 100 (1) composition, the biocoal consisted of higher fixed carbon and lower volatile matter than the
feedstock. In addition, ash content in biocoal was higher than that in the feedstocks. These
was due to dehydration, devolatilization, and decomposition of hemicellulose, cellulose and
x Solid yield (%) (2) lignin during the process [5]

The production cost of biocoal for pilot scale was lower than that for lab scale,

indicating that it has possibility for up-scaling biocoal production into industrial scale.

HHV of torrefied sample (MJ/kg)
HHV of feedstock (MJ/kg)

Energy vield (%) =

Analytical method
Bomb calorimeter (AC500 Isoperibol Calorimeter, LECO, USA) was used to determine m
the calorific values of the biomass and biocoal samples. The proximate analysis of all

samples was analyzed via thermogravimetry analysis (no. TA129) to determine moisture

content, volatile matter, ash content and fixed carbon. The weight percents of carbon (C), Hemp hurd could be utilized as feedstock for biocoal production. The HHV of biocoal

hydrogen (H), oxygen (O), nitrogen (N} and sulfur (S) were measured by CHNS elemental from hemp hurd was more than 2.0 MJ/kg, which was comparable to gub—bituminﬂus coal.
analyzer (LECO CHN628 LECO, USA) However, hemp hurd has very high cost when compared to other biomass to use as a

starting material for biochar production.

1] PACIFIC PRIME THAILAND. “Everything You Need to Know About Cannabis Usage in Thailand”, https://www pacificprime.co.th/blog/cannabis-guide-thailand/, accessed on 9 November 2023
2] M.). Prins, K.J. Ptasinski, and F.JJ.G. Janssen, “More efficient biomass gasification via torrefaction,” Energy. Vol. 31, pp. 3458-3470, 2006, doi:10.1016/j.energy.2006.03.008.

3] T. R. Sarker, S. Nanda, A. K. Dalai, and V. Meda, "A Review of Torrefaction Technology for Upgrading Lignocellulosic Biomass to Solid Biofuels," BioEnergy Research, vol. 14, no. 2, pp. 645-669,
2021, doi: 10.1007/512155-020-10236-2.

[4] B. Batidzirai, A. P. R. Mignot, W. B. Schakel, H. M. Junginger, and A. P. C. Faaij, "Biomass torrefaction technology: Techno-economic status and future prospects,” Energy, vol. 62, pp. 196-214, 2013,
doi: 10.1016/j.energy.2013.09.035.

[5] C. Lokmit, K. Nakason, S. Kuboon, A. lJiratanachotikul, and B. Panyapinyopol, “A comparisen of char fuel properties derived freom dry and wet torrefaction of cil palm leaf and its techno-
aconomic feasibility”, Mater. Sci. Energy Technol. Vol. 6, pp. 192-204, 2023, doi:10.1016/j.mset.2022.12.010.
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Introduction Results and Discussion

J Metal-organic frameworks for dehumidification = Effects of binders and MOF loading on water uptake and

* Humidity control is crucial to maintaining a building's air quality and bead hardness

to prevent moisture-sensitive product. Desiccant Dehumidification

Moist Air to Reactivation
Air

= Solid or liquid desiccants are used in

traditional systems but they lower moisture A g | Conditions

Dehumidified

uptake capacity than mesoporous materials. [ .. N L 5

Process Air

g0 anace MOF loading
(wt.%)
Polymer PAN PVDF

" Metal-organic frameworks (MOFs) are attractive due to large surface
area, hydrothermal stability, albeit in different relative pressure, and
excellent water adsorption for dehumidification.!*] I Gl water « Ethanol

solvent
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Coagulation

Metal precursor
Water uptake

at 25 °C, 20%RH
(gH20/ gmor)

Linker

= Continuous flow production of MOF beads on kilogram

Fig. 1 Synthesis of MOF and Crystal structure of MOFs.[2]
scale

J MOF upscaling for industrial application

* Shaping of MOFs (see Fig.2), Beads are commonly formed due to

| i - Conditi
robustness, ease of production, and high hardness tonality. 34! St

MOF loading (wt.%)

||| e Polymer PVA

Monolithic Films Membrane 3D printed

Fig. 2 Examples of MOFs with different shapes. Coagulation DI water : Ethanol

: : : . . Flow rate {(mL/min 0.50
= |n this work aims to investigate the effects of polymer binders on the il

physicochemical properties of the resulting beads. The production

Hardness (N) . 33.3

of beads with desired properties were then scaled to produce beads Water uptake at 25 °C, _ 0.31
at kilogram scale. | 20%RH (g420/8wmor)

Optimization and kilogram-scale production of MOF-beads

Step 1: Formulation Step 2: Shaping by granulation method Step 3: Parameter and Measurement Step 4: Evaluation

Parameter: MOF loading

MOF water adsorption isotherm

(70-90%loading) n Type of binder

Hardness test

' Name Hardness Diameter
| wate

r adsorption (N) (mm)

Binders MOF + Binder DN - -dg- /R Wﬁ' | sample 1 -

* PVA + solvent T A A e N N X g
« PAN | L /- o\ ¥ *’t - ) Sample 2 33.32

* PVDF . : i N M NS | Sample 3 8.86

Conclusions

= The effects of polymeric binders on the water adsorption properties and hardness were investigated.
" PVA was identified as a promising polymer for dehumidification applications.

" MOF beads were then made using a continuous process to produce MOF on a kilogram-scale.
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Introduction and Rationale

Oxidizing atmosphere, O,

"0, dissolution with Oxide nucleation” Air ~uel[ ] = NG | N -~ Mill Scale
4 ) - B 0,4+ 3.76 N, Hematite, Fe,0, y
_— 02 “Porosity & Cavities” —~ () e e e 3 S et i et

Magnetite, Fe, O,

Waustite, FeO

“Absorption” —~_)
3F

e Loss Electron : Oxidation

“Film/Scale Growth”

Iron mill scale is a flaky substance that forms on the outer surface of newly or previously heated steel or iron when It cools and oxidizes.

Production of hot-rolled structural steel can reach 1,100,000 tons per year. It is estimated that 13,360 tons of Iron mill scale was produced.
This useful material was once considered a troublesome waste or by-product, but it is currently being repurposed to add value in many ways.

* Jron Oxide Nanowire-Based Filter for Inactivation of
Airborne Bacteria’
This study aims to add value to industrial waste steel
scale for reuse as a nanocomposite material to
Increase air filter efficiency.

A

330714 [T
\
\

TEnviron Sci Nano. 2018 May 1; b: 1096-1106.

Develop coating Develop the coating Scale-up Test coated filter
formulas process coating performance

- Stability test - Test filter cloths property before/after coating - Testing of antibacterial and fungal activity
- Sedimentation test - Amount of coating used per area (ICP-MS) - Pressure drop test compared to the initial filter

- Storage of prepared coatings. - Amount of active ingredient attached to the filter cloth and (MO21A Air permeability tester)
distribution (SEM-EDX)

Methods

Results & Discussion

Filter property test Anti fungal and bacteria test

+ The study result of 2 filter cloth groups (A and B) and 2 coating formulas(F1 and F2) indicated that both group A and + After coating with F2 coated, only filter B can stop an A. niger growth
B fibers have basically hydrophobic property implied from the contact angle test(Fig.1) and FTIR-ATR analysis (Fig. 6). In addition, filter B with FZ2 coated can stop the growth of S.

(Fig.2). aureus (/.6 cm clear zone). and K. pneumonia(/.9 cm clear zone) (Fig. 7).

100, e
e e e ) . A
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Fig.1 Contact angle of group A and B Wavelength (cm!) Wavelength (cm?)
hiter before coating Fig.2 FTIR-ATR of group A and B filter before coating

After coating process, the F1 coating makes both

groups of fibers more hydrophilic properties. However,

this property might affect the implement possibility due

to the chance of humidity increasing in the filter.

Coating F2Z2 makes filter group A and B more hydrophilic B Smabion

(Fig.3) but still quite hydrophobic(Fig.4) while keep 3600-3200 e’ C-H (sp?) Stretching
binding property of iron mill scale and other actives i R -0 Stretching
(Fig.5 SEM-EDX, ICP-MS). This makes F2 formula has ——————Ji2 Fig. 7 Filter cloth B bacterial test

better than F2 in case of making an air filter. Sl . -
Wavelength (cm) Air permeability test | L
Fig.3 FTIR-ATR of B filter after coating Air Permeability (cm”/cm’™s)

W 207 W —r - - + FHilter B with F2 coated has
114.45 » 7.64° Wi/ \] . o
AV QAR T /4 | reduced the air permeability 205.5 553 3
M/ Al 7N 18.9% (Fig. 8).

100 200

Fig.4 Contact angle of group B Fig .5 SEM-EDX of group A and B M F2 Coated [H Control

filter after F2 coaling filters before and after F2 coaling Fig. 8 Air permeability test of filter B

Conclusion Acknowledgements

Filter group B coated with the F2 coating formula has excellent physical properties and This research has received funding support from the NSRF via
anti-fungal/bacterial capabilities, moreover, air permeability is reduced by just 18.9%. As a the Program Management Unit for Human Resources & Institutional

result, this form of coated filter is more suited for application in large-scale manufacturing. Development, Research and Innovation [grant number B13F660064]
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Infroduction

The imperative need for effective humidity control in diverse industrial sectors has fueled the exploration of innovative
marterials 1o enhance dehumidification technologies. Among these materials, metal-organic frameworks (MOFs) have
garnered dttention for their remarkable surface areq, tunable structures, and moisture adsorption capabllities. However,
to utilize MOFs, they must be shaped 1o prevent dusting. This work, thus, focuses on the scale up production of MOF
powder 10 sub-kg scale and thelr shaping into monolithic form.

Methodology -

Solvent t
] l Heating —_— m -
Heating under o :
= e Convection Oven A & 4  Drop MOF ink Dry at room Peel the MOF
¢ N Temperature, 24 h pancake

Activated MOF

@ Metal salt
// Organic ligand Bl Activated MOF

) _ Figure 4. Fabrication of monolithic MOF.
Figure 1. Synthesis of MOF powder.

Results and discussion
g 0.15-
3
O)
0,
ke
) ©  0.10 -
g 03-
o
O)
e} 0.05 -
= =
@) 02 -
e NJOF pancake
000 ! | J I ' I :
0.0 0.2 0.4 0.6 0.8
- 0
— MOF synthesized at g scale Relative Pressure (P/F")
- MOF synthesized at sub-kg scale _ o -
Figure 5. Water adsorption isotherm of monolithic MOF.

| ' | ' I ' |
2 04 0.6 0.8

Relative Pressure (P/P°)

Conclusion
Figure 2. Water adsorption isotherms collected at 25 °C /g
of MOF prepared at lab scale compared to MOF Synthesis of MOF was scaled up from gram to sub-kg
synthesized at sub-kg scale scale while the water uptake capacity remained similar.
- The MOF powder was then shaped into monolithic
,,M F‘ sfructure by mold casfing technigue which shows slightly

decreased water uptake capacity due to the additiondl
welght of the binder.
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Figure 3. SEM image showing crystals of
MOFs prepared at sub-kg scale
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Abstract

Lignocellulosic biomass, is more than 40% in the plant dry matter, can be used to produce lignocellulose nanofibers (LCNFs) for a varlety of applications such as in the
biomedical, food, cosmetics, construction, automotive and aerospace industries. It mainly consists of cellulose, hemicellulose, and lignin of which properties pose challenges o
s pecific applications. Therefor, Itls necessary to study the composition and properties of the hemp hurd. This project has studied the physical properties and chemical properties
of blomass from hemp hurd, and also studied the feasibilty of hemp hurd as a precursor to the produce LCNFs. The results of the study In this project found that hemp hurd can
be used as a precursor for the production of the LCNF s with an average dlameter of less than 100 nanometers.

Introduction

After the Ministry of Public Health announced that the parts of hemp are grown or produced In the country such as leaves (not attached o

the inflorescence), branches, stalks, trunks, bark, roots and fibers, Including seeds, oll and seed extract that the extracts contain Cannabidiol (CBD)
as a component and the remaining residue from extraction must contain no more than 0.2% of Tetrahydrocannabinol (THC). These are not classified
as a category 5 narcotic and can be used for medical purposes, research study for health products and others on December 15, 2020.11 As a result,
many areas are supporting the culivation of hemp and it has become a new type of economic crop especially industrial pharmaceutical products,
cosmetic products, food products, beverage products and dietary supplement products, paper products, etc. Therefore, hemp is being studied In
more detalls both physical properties and chemical properties in the present due to It can be used In every part

Large specific
Production of bio-based materals (lignocellulose nanofibers; LCNFs) can improve mechanical properties. .
The heart of the process Is to depolymerize lignocellulose to nano-level fibers. As a result, it Is suitable for use

as a reinforcing material and composite material to replace or compound with polymer materlals, metals, and / 2N Anti-UV
alloys Including blo-based materials in the blomedical field. 23 For this work, the production of the LCNFs from | | 1O

hemp hurd requires chemical treatment to reduce the structural strength and resulting in high-purity of cellulose W v 4 W) Hydrophobicity g
before being reduced into le fibers. M , the ired to condition and reduce blo e AW A | _
re being reduced Into nano-sca Is. Moreover, processes required o co N and reduce blomass ma . | S ik s Birier H

Lignocellulosic biomass ’ iklnce orea

as well as the efficiency and ability #o bring other elements that are not cellulose to be used as co-products were properties m

studied. S5 7 o A 3 = “
_ e ] e | Antioxidant w
74 L - Lignocellulose ‘ properties =a,/

nanofibers (LCNFs)

Methods .
Antibacterial bﬁb

LCNFs production: Dry hemp hurd was crushed Into small sizes and adjusted the condition by the liquid hot water process (LHW) with suitable alkali activity “q ‘,,'7
concentration, temperature, ime and water to biomass ratio. Upon completion of the reaction, rapid temperature reduction (quenching) was performed. The
resuling products was filtrated to separate the pretreated hemp (solid) from the alkall solution containing hemicellulose and lignin. The pretreated hemp was
washed with DI water to remove remaining any alkali until it was neutral.
The drying pretreated hemp was mixed with DI water at a concentration of 2% by weight. And then, the mixture was blended to reduce size by using a
high-s peed blender (Microfluidizer) until the LCNFs were obtalned.

Hemp from Sukjai

Hemp Thailand
Alkali pretreatment

process

cterisation
| Pretreated
» Physical and

' hemp :
chemical properties Pretreated Lignocellulose

Extracted lignin hemp nanofibers
(LCNFs)

Pretreatemt process of hemp hurd using liquid hot water (LHW) technology Production process of lignocellulose nanofibers (LCNFs)

Results & Discussion

The results of component analysis before and after pretreatment of hemp stem with the LHW process and the sultable condiion by using

NREL technique are showed that hemicellulose and lignin contents of hemp were significantly reduce and obtained cellulose with the highest
purity to 95% by welght The morphology study of prepared lignocellulose nanofibers (LCNFs) by SEM was found that it has an average size of Raw hemp
approximately 25 nanometers.

ﬁﬂwm‘ } Pretreated

hemp

Cellulose |Hemicellulose | Lignin

Raw hemp ~40

The images of prepared lignocellulose nanofibers (LCNFs) by
Pretreated hemp

S canning electron microscopy (SEM)

Conclusion
Hemp stem can be produced the lignocellulose nanofibers (LCNFs) using the liquid hot water technology (LHW) combined with akali pretreatment that able to remove ash, hemicellulose and lignin up to 90%, 80%,

and 90% by weight, respectively. And the prepared LCNFs by Microfluldi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>