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Seungdo Yang, Hyungjoo Kim, Jae Hyun Park, and Do Heui Kim*

'School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University, Seoul, 08826, Korea

(Received for review April 25, 2022; Revision received June 20, 2022; Accepted June 20, 2022)

o
)

A2 G volQuj 2 F ZRFY F8 T4 HE

JEAE= S TS WA W

o G

o

3

TR ATIO1A B AL Elol A v, Zuh A8 A0S B9 I,

G2, Fa, 120 §714) 2L EH) SRR A8 4 ek B ATl s 2o $A 4w vy

o} 71 A}

Aot Egstol 2714
20l uhg:
25210C

s = O
2200

B S FHBI.

A0 B2 5 vfo] o)

714}

21w

24 B B AFHOZ | Wit
uke

HEA} uhSo] 83} 1A Bheirt. ol et B A Hu) AAHWL A4 Fo] et #el7t Bolsh
I AR 349) oot A 0 2 Agat. b A, Ba 4 57) ofshe] AEA

gig ¥

f714k0] = 0n, 3

&% 30 mL, FHE B4 B4 100 mg, vk A]o} 100 mg, B3
A1 he] BH 220014 29.8%2] A T-Zofl Tt g4 &3} 43.8%2] ¢ 2o AF B0 diT F

&, D74 Sl AZASE T, vdl Aot

Abstract : Biorefineries, in which renewable resources are utilized, are an eco-friendly alternative based on biomass feedstocks.

Alginic acid, a major component of brown algae, which is a type of marine biomass, is widely used in various industries and can

be converted into value-added chemicals such as sugars, sugar alcohols, furans, and organic acids via catalytic hydrothermal
decomposition under certain conditions. In this study, ruthenium-supported activated carbon and magnesium oxide were mixed
and applied to the depolymerization of alginic acid in a batch reactor. The addition of magnesium oxide as a basic promoter had a
strong influence on product distribution. In this heterogeneous catalytic system, the separation and purification processes are also
simplified. After the reaction, low molecular weight alcohols and organic acids with 5 or fewer carbons were produced.
Specifically, under the optimal reaction conditions of 30 mL of 1 wt% alginic acid aqueous solution, 100 mg of ruthenium-supported
activated carbon, 100 mg of magnesium oxide, 210 C of reaction temperature, and 1 h of reaction time, total carbon yields of
29.8% for alcohols and 43.8% for a liquid product were obtained. Hence, it is suggested that this catalytic system results in the
enhanced hydrogenolysis of alginic acid to value-added chemicals.
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Figure 1. Various value-added chemicals from alginic acid.
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Figure 2. Schematic diagram of batch reactor system. (P, pressure
indicator; TI, temperature indicator; SI, speed indicator;
R, reaction vessel/autoclave; T, thermocouple; H, electric
heater; RD, rupture disc; GS, gas sparger; CY, gas
cylinder)

2Rl S| E8Ao= Qs 840 LAY o] E(Alginic
acid sodium salt)Q. & A BEA5l9on, A LH Ak BA
S 93l BSTFA(N, O-Bis(trimethylsilyl)trifluoroacetamide)E- ©|
sto] HA; AJAEO] Higt FEAISHE Jeget Sof A4 A
GC-MS 8 GC-FIDO] ZiSieh11]. A4E L2LH
4 geo] whe} 1E3}510] Co-Cs alcohols2 B4 8-S
T, HPLC-VWDE 58 4% 245 §74H2 77t

FEE eI

|

0
[

l.,

:
X

k3

I~

lo = oo
32
]_‘
H

r
P~

3. ZW Y I

3.1. HE SAO|= H7I0f [MHE Btg 2 HIt
Sl 98- X Fst7]o] A, Ru/Coll gk Sl E4
A &Y5FITH(Table 1). S0 L3t 7|5 E4 3t
EHHBLom® g')2 Y7k HEA S| gpaoz &
A0 & 7|h5t}leh. Rue| FAFE 5.1 w2 S =Y
A% Ru BANEQF A4 F7)= ZH2} 36%, 3.7 nmE

rlo

|o ohla Hir o

H o

1o
-0,

p

i

kil

1o 32
i)

Al Euf AL oA G714k AEASE vES-S 7
el RwCet 3 of2] F72o HE SAle|EE 714
FohAl &2 A& 2427} 100 mg® S5t 0H, 1 wit%
8N, Bk 2 210 C, ¥-& Az 2h, S48 94 50 bar
F2), 1000 rpm2] ¥hg- 24 StollA yeid A= E w4
&2 Figure 30 YER T @7|Z7F R Si0,2}F ALO; A
Ol A Co-C; alcohols®] /= A 9] IE HFHO| MO Aol A
Cy-G; alcohols®] &4 &2 9F 10%E YERH AT ESH MgO
L ZFE2EA HEAN TEAS 7M7) 3.1%, 6.8%, 1.8% 718 A
AAFA. ol A & 2 glo] ¥kg7]o Y= Ru/C
9 MgO7F =84 Aol A L7149 sEst E AEAs 43
9] 7gof A Frolshs AR HIt} o] IgoA AzIAL
3o Z7F YL ) wHo 0] wHEAQ] ZE 114o]

O

17

POV etel}
F% ok
T‘ﬂ.l‘O—‘

N do

0.
r

Table 1. Characterization of Ru/C

Surface Atomic Dispersion Crystallite
Catalyst area® |loading of Ru® [EO/) size®
m’gh | (w%) ’ (nm)
Ru/C 816.2 5.1 36 3.7

*Calculated by BET method. "Measured by ICP-AES. “Calculated
from CO chemisorption.
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Figure 3. Carbon yields of products obtained from hydrogenolysis
of alginic acid over Ru/C mixed with various metal oxides
(Reaction conditions: 1 wt% of alginic acid in 30 mL of
water, 100 mg of Ru/C, 100 mg of metal oxide, 210 C, 2 h,
50 bar of hydrogen, 1000 rpm stirring). GA: gluconic
acid, LA: lactic acid, FA: formic acid, 7.d.: not detected.
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Figure 4. Carbon yields of products obtained from hydrogenolysis
of alginic acid over Ru/C, Ru/C mixed with MgO, and
MgO (Reaction conditions: 1 wt% of alginic acid in
30 mL of water, 210 ‘C, 2 h, 50 bar of hydrogen, 1000
rpm stirring). GA: gluconic acid, LA: lactic acid, FA:
formic acid.

Table 2. Final reaction pressures after hydrogenolysis of alginic
acid depending on catalyst

Catalyst
No. Pressure (bar)
Metal Base
1 Ru/C none 81.8
2 Ru/C MgO 80.5
none MgO 84.9
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Figure 5. GPC chromatograms of raw alginic acid sodium salt and
liquid-phase products obtained from hydrogenolysis of
alginic acid over Ru/C, Ru/C mixed with MgO, and MgO
in the range of (a) 15-31 min and (b) 32-35 min.

Table 3. Weight average molecular weight (M,,) and number
average molecular weight (M,) of raw alginate and
liquid-phase products depending on catalyst

Catalyst
No. M,, (Da) M, (Da)
Metal Base
1? none none 421199 71658
2 Ru/C none 228 140
3 Ru/C MgO 1118 854
4 none MgO 1662 1112

“Raw alginate.
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Figure 7. Carbon yields of products obtained from hydrogenolysis
of alginic acid over Ru/C mixed with MgO depending on
(a) MgO dosage (Reaction conditions: 1 wt% of alginic
acid in 30 mL of water, 100 mg of Ru/C, 210 C, 2 h, 50
bar of hydrogen, 1000 rpm stirring), (b) reaction time
(Reaction conditions: 1 wt% of alginic acid in 30 mL of
water, 100 mg of Ru/C, 100 mg of MgO, 210 C, 50 bar of
hydrogen, 1000 rpm stirring), (c) reaction temperature
(Reaction conditions: 1 wt% of alginic acid in 30 mL of
water, 100 mg of Ru/C, 100 mg of MgO, 2 h, 50 bar of
hydrogen, 1000 rpm stirring). GA: gluconic acid, LA:
lactic acid, FA: formic acid.
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Figure 6. Liquid-phase products obtained from hydrogenolysis of alginic acid over (a) Ru/C, (b) Ru/C mixed with MgO, (¢) MgO.
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