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Study of liquid and solid product formation after hydrothermal
processing of carbohydrate and aromatic biomass derivatives

Aivars Zhurinsh, Ance Plavniece, Kristine Meile, Kalvis Liepins, Galina Dobele
Latvian State Institute of Wood Chemistry, Riga, Latvia

The aim of this study «wopoeancwsespeive o zsrowesie
borafney by simutaneously cbtainng ot only the el known camohycrate pitlon chemicals,
but aiso by ubiizing the currently under-explored phenciic by-products and transforming thee into
novel specialty carbon materials

Materials and methods

4.Tha biooll s a product from the two succassive it wood (spruce chips particia size <0.5 m)
processing processes: catalytic hydrolysis (atalyst s 0.2% suphuric acd) whore the targot
product is futural and pyrolysis (370 °C) of produced lignocellukose residues in & superhealed
steam. where the targel chemical is anfydrous sugars
(1,6-ahycrossccharide-—levoglucosan)
SCAN THE QR TO LEARN
MORE ABOUT BIOOI PROOUCTION
2 Using lon Excrange Resins, the anhydrosugar fraction was separated from the bicoil, 5ut the
phenol-ich fraction romains as a by-product
SCAN THE QR TO LEARN
MORE ABOUT SEPARATION
sugars (A), phaAo fich Faction

3 The three resuting 2% feedstock soltions (biool (3), ann
{F) were hydrothermally freated t 200, 250 8nd 300 °C for 4 hours

The obtamed sold products were studied by SEM, slemental analysis, Py-GGIS, while the liquic
peoducts were analysed using polentiomelric liration of acids and aldehydes, specrophotometsic
anaysis, GC-FIDMS and HPLC-UV/ELSDIMS.

Figure 1. UHPLC C18-UV (a) and HILIC-ELSD chromatograms of bio-ofl (B): 1 - SHMF,
ofuranoss, § - LG and 6

2~ furtural, 3 - vanillin, 4~ 1.6
celiobiosan.
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Figure 2. The hydrochar obtaining scheme.
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Conclusions

The presentid stuxdy gives Insights into the possibity to syrithesze sphere containing carban
structures from spruce wood bio-0ll wa HTC
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OPTIMIZING ACTIVATED CARBON PROPERTIES:
THE ROLE OF PRECURSOR SOURCE, CARBONIZATION AND
ACTIVATION PARAMETERS

Aleksandrs Volperis, Ance Plavniece, Galina Dobele, Aivars Zhurinsh
Latvian State Institute of Wood Chemistry, LV-1006 Riga, Latvia: aleksandrs. volperts@Kkki v
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B Insights into Carbon Sphere Formation
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from Glucose and Levoglucosan under Latvia
Want to now mare? 0t
] Hydrothermal Conditions 7, @
Ance Plavniece, Galina Dobele, Kristine Meile, Vilhelmine Jurkjane and Aivars Zhurinsh F l R L‘I. : O : 6
Latvian State Institute of Wood Chemistry, Dzerbenes Str. 27, LV-1008 Riga, Latvia .
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Canclusions

Hydrotharmal carbonization of glucose and levogiucosan salutions anables the formation of
spherical nydrachars, the size and merphalcgy of which depend nat on'y an the proessing
concsions bt also on the nature of the precurso,
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Presentation over-view

= Fast pyrolysis for levoglucosan

= Why 1,6-anhydro-B-D-glucofuranose?

= Py-GC/MS screening of reference carbohydrates
= Py-GC/MS of lignocellulosic biomass samples
€| = Future perspective
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Fast pyrolysis for levoglucosan

36 mg/mL non-volatiles
18 mg/mL LG

0.5 mg/mL AGF

2 mg/mL acids
<0.4mg/mL each furan
<0.2 mg/mL each phenol

O
0O OH 5 o
OH OH
HO
OH
OH
1,6-anhydro-B-D- 1,6-anhydro-B-D-
glucopyranose glucofuranose
Levoglucosan AGF
LG
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Why 1,6-anhydro-B-D-glucofuranose?

Levoglucosan 1,6-anhydro-p-D-
glucofuranose

Biomass (cellulose) origin Yes
Established technology to obtain a reasonably v

) : es
high yield
Appealing chemical structure (chirality) Yes
Many different chemical and biochemical Ves
conversion pathways
When all else fails - source of glucose Yes

Fuels
Chemicals
Energy

Heat

Power
I( I LATVIAN STATE BIOREFINERY :::

INSTITUTE OF
( WO00D CHEMISTRY 6
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Why 1,6-anhydro-B-D-glucofuranose?

Levoglucosan 1,6-anhydro-p-D-
glucofuranose

Biomass (cellulose) origin Yes Yes
E§’robll.shed technology to obtain a reasonably Yes NOOO. .
high yield
Appealing chemical structure (chirality) Yes Yes
Many different chemical and biochemical

: Yes Maybe
conversion pathways
When all else fails - source of glucose Yes Probably

Fuels
Chemicals
Energy

Heat

Power
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Why 1,6-anhydro-#-D-glucofuranose?

= Sasaki, M. et al. Thermochemical transformation of glucose to 1,6-anhydroglucose in high-
temperature steam, Carb. Res., 2008, 343(5), 848-854

» glucose 40% LG yield, and 19% AGF yield

= Meile, K. et al. Discrimination of levoglucosan and its structural isomer in biomass pyrolysis products by
iodometry, liquid chromatography, mass spectrometry, J. Anal. Appl. Pyrolysis, 2022, 166, 105602

> 9% AGF content in bio-oil and 55% AGF content in a preparative fraction of the bio-oil

No. Sample description AGF, wt% LG, wit% AGF/LG ratio
10 -
09 A 1 Paste A 9.02 +0.01 28.3+0.6 1:3.1
081 2 PasteB 72402 486+0.1 1:6.8
0.7 1
06 - 3 Mother ligour A-1 9.0+0.1 252407 1:2.8
Prep LC §0 :
idi oV ] 4 Mother liqour A-2 10.75+0.03 26.1+0.1 1:24
S.trongly acidic g . Anhydrosugar
cation exchange dimers 5  Mother ligour B 15.1+0.2 63.8+09 1:4.2
resin in Ca2+ form, 031 = pee=e-
eluent H,O 0.2 1 6 SPE fraction 11.2+0.1 62.8+0.9 1:5.6
0.1
7 prepLC fraction 55.4%05 <LOQ -
| LATVIAN STATE 00 +=-u-u-=n
I I INSTITUTE OF 0 30 60 90 120 150 180 210 240 270 300
421 woob cHEMISTRY time, min



Py-GC/MS screening of reference carbohydrates

Py-GC/MS products from LEVOGLUCOSAN Py-GC/MS products from GLUCOSE
100 50 .
o0 stability with no H,SO, max sugars with 0.1% H,SO,
80 40 39
v 70 w
LG - levoglucosan = ¢ = 30
Q Q
('? 20 37 ('? 20 2]19
AGF - 1,6-anhydro-p- &% | & . :
D-glucofuranose S 2 17 . 510 L — el -
[ E o s O ?-}: 0 21270 °-‘“i- 0002 il camrmes B . = oo o ‘ 2 . 0%% ‘ | 0h0s

DAG - 1,4;3,6- 0
dianhydro-a-D- C1G  AGF DAGD SHMF Fuiwal LA HAA (LG AGF DAGDSHMF Furural LA  HAA

glucopyranose

SHME _ 5. Py-GC/MS products from CELLOBIOSE . Py-GC/MS products from CELLULOSE
hydroxymethyl furfural max sugars with 0.1% H,SO, © ® | max sugars with no H,SO,
40
Furfural % 0 g 20 .
LA —levulinic acid 220 “ . 220 -
§ 10 : — 63]2]0 ’ - 5'%; 10 ) 8 45”10
HAA - 5, B ongzose o4 ‘ 211 53 - 07 ‘ Josmer B L L fiZoso os l 0521220m5 2 . _- 164 Do

hydroxyacetaldehyde
5HMF Furfural LA HAA 5HMF Futfural LA HAA
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Py-GC/MS of cellulose

LG - levoglucosan

AGF - 1,46-anhydro-p- Py-GC/MS products from BIOREFINERY MCC Py-GC/MS products from CELLULOSE
D-glucofuranose * max sugars with 2% H,SO, ® "« | max sugars with no H,SO,
25 24 50
DAG - 1,4:3.6- 2 2 Alkaline by nature 20 | ] Acidic by nature
dianhydro-a-D- O O -
glucopyranose Q1 @
0 £ 20 —

5HMF—5- 5‘_9\ 5 4 4 4 , 5555 '5;:]0 L ~ 45”]05 4 ?109 L
hYdrOXymeThY| furfural 2 0 ’ 00.10.10.10:5 0.121'01'00'? 020-50-6 0_-52’0'90'8]'5 00000 ] o 0 2 :0;50 0.5 l 0-92"210;115 2 3. 000-?1 1.4.4.0.8.70.6
Furfural LG AGF DAG 5HMF Furfural LA  HAA LG AGF DAG 5HMF Furfural LA  HAA
LA - levulinic acid 0.5% H,SO, 2% H,SO, 4% H,S0O,
HAA -
hydroxyacetaldehyde
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Py-GC/MS Py-GC/MS of biomass samples

LG - levoglucosan

AGF - 1,6-anhydro-R- Py-GC/MS products from BIRCH WOOD Py-GC/MS products from SPRUCE WOOD
D-glucofuranose 30 30 2

" 25 = | max sugars with 0.5% H,SO, 25 max sugars with 0.5% H,SO,
DAG - 1,4;3,6- 2 2 2 20
dianhydro-a-D- O 3
glucopyranose QP . E Q15 .

Z [ T s i
5HMF — 5- s 3 3 » < 4 ‘s
hYdroxymeThY| furfural & o 0 02 02007 0709% . 00003 :E [ 0 0.30,2;0-_7 0.20.2% 11132 0 0 003 ;Q_s
Furfural LG AGF DAG 5HMF Furfural LA HAA LG AGF DAG 5HMF Furfural LA HAA
LA - levulinic acid 0.5% H,SO, 2% H,SO, 4% H,S0O,
HAA -
hydroxyacetaldehyde
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Py-GC/MS of biomass samples

Birch lignocellulose after
H,SO, pre-treatment

Syringyl
derivates
Guaiacyl

C20, CH20

derivates
Phenyl and H20, CH3OH
benzyl Acids,

Esters
Alcohols

Aldehydes,

Ketones
Cyclopenta

hes
Furans

derivates

Pyrans
Sugars

LATVIAN STATE

Birch lignocellulose after
H,PO, pre-treatment

Syringyl
derivates

Guaiacyl
derivates

C20, CH20

Phenyl and
benzyl
derivates
Sugars
H20,
CH3OH

Acids, Esters

Alcohols
Aldehydes,
Ketones

Furans

Cyclopenta

Iél WOOD CHEMISTRY Productrel. % in Py-GC/MS 12



Py-GC/MS of biomass samples

Birch lignocellulose after
H,SO, pre-treatment

Syringyl
derivates
Guaiacyl C20, CH20
derivates
Phenyl and H20, CH3OH
benzyl Acids,

derivates Esters

Alcohols
Aldehydes,
Ketones
48% LG Cyclopenta
3.3% AGF hes
0.4% DAG Furans
Pyrans
Sugars

Birch lignocellulose after
H,PO, pre-treatment

Syringyl
derivates

Guaiacyl
derivates

C20, CH20
Phenyl and

benzyl
derivates

Sugars

13% LG
1.1% AGF
3.4% DAG

H20,
CH3OH

Pyran
Acids, Esters

Alcohols
Aldehydes,
Ketones

Furans

Cyclopenta
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Future perspective

How can we increase the yield of AGF¢ And can
we do it without sacrificing LG?

What interesting chemistry can be done with AGF
to synthesise green chemicals and solvents?
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