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Present situation: Production of Cellulose NanoCrystals (CNCs)
* Acid hydrolysis

* Liquid acid:
* H,S0,
e CelluForce manufacturing facility
(300 t / year)

* Pilot scale productions

* Madison, Forest Products Laboratory

e The University of Maine
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The advantages and challenges of H,SO, hydrolysis with

cellulose
* Major process steps of CNC production:

[1] Acid hydrolysis
[2] Dispersion of cellulose
e Advantages

* The introduction of OSO;" groups on the surface on of CNC's

* Dispersion of CNCs is effortless due to the OSO;" groups

* Challenges

Low yield
* High water consumption
* Acid (in the fiber mixture) is hard to recycle
* Purification of product
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Structure of cellulose and its chain cleavage by acid hydrolysis

Cellulose molecule
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CNCs from alkaliextracted Bacterial cellulose (BC)

[1] Acid hydrolysis of cellulose

Alkaliextraction (Nata De Coco) _.. HCI ( ) hydrolysi
, gas) hydrolysis

0.1MNaOH/2h/80°C [ oo — drying
Washing with water

TEMPO-mediated
=
oxidation

CNC,S»Ima,ged/wﬂh <:I &) <:| Washing with
AFM / cryo-TEM Sonication water (centrifuge)
' : : ' [2] Dispersion of CNCs

- Combined yield of hydrolysis and TEMPO-mediated oxidation was 80.8 %
- Reduction of DP with HCI gas hydrolysis (1 bar /21 h) was from 2590 to 219
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Nata De Coco - purification and freeze drying
Purity

-_

Untreated BC BC with NaOH Washed BC Freeze dried BC
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Nata De Coco - poor freeze drying

Hornification of bacterial cellulose impairs both hydrolysis and
TEMPO-mediated oxidation

HCI hydrolyzed
18 h /1 bar DP, 437

Properly freeze
dried

52.2

28.8

BET Surface area
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SEM imaging of (A) alkaliextracted bacterial cellulose and
(B) HCI gas hydrolyzed (1 bar / 18 h) bacterial cellulose
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Hydrolysis of BC / comparison of freeze drying

Hydrolysis reaction | DPv Yield Carboxylate content
time (h) (%) mmol COOH / g BC
Mixed with blender, dried in
fumehood 4 886 77.9 0.55
Pressed, freeze dried 7 641 86.4 0.63
Freeze dried 3 260 0.80
Freeze dried 21 219 80.8 1.02
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CNCs from bacterial cellulose (BC) / AFM
Alkaliextraction - HCI hydrolysis - TEMPO-mediated oxidation

- - »
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CNCs from bacterial cellulose (BC)
Alkaliextraction - HCI hydrolysis - TEMPO-mediated oxidation

TEM and cryo-TEM
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DP,, values of HCI gas hydrolysed (1 bar) BC as a
function of time (3.5 g freeze dried BC 7/ 1 dm? bottle)
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CNC distribution of dimensions
- TEM

Frequency

Average length = 170 +35 nm
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Humin-free HCI gas hydrolysis
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Background: Formation of humins / acid degradation with._ m w

HCl gas (intense degradation conditions) on o
HMF = 3.2 mg I'' (UV/Vis) l T H,O/H'
HMF = 2.9 mg I (HPLC)
0.6.|—— 30 min, 100 kPa /
——2h, 100 kPa
05] 69 100 kPa
---- O yo
Q 0.4 -
5 5-(hydroxymethyl)-2-
5 furaldehyde (HMF)  °
< 02-
0.1-\\2\
0.0
200 220 240 260 280 300 320 340 360
Wavelength
A Sohaol of Charsical % H. Rasmussen, H. R. Sgrensen and A. S. Meyer,

® Engineering Carbohydrate Research, 2014, 385, 45-57.



Blocking of humin formation with aldehyde oxidation

TN oLy * ClO,” + H* <> HCIO,
l o °§/H+ * R-CHO + HCIO, -R-CO,H + HOCI
2
** 5HCIO, - 4CIO, + CI" + 2H,0 + H*
OH o oH HoH? o
o N
---- O Ho O eT A
\_/ —
HO HO 0 ) \
5-(hydroxymethyl)-2- w - \}{/ﬂ/ ..
furaldehyde (HMF) 5{» f §_ [ ®d
++HCI02 s |
\, = humin
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Acid hydrolysis (1 bar / 1.5 h) of unbleached softwood pulp as a function of added
NaClO, (0—13.4 %)— high moisture content (dry matter content - 23 %)

0%NaClO, 3.3% NaClo
° ,2_,*___ _ ¢ < 3 effects of NaClO,/HCI process:

[1] Acid hydrolysis
[2] Blocking of humin formation
[3] Bleaching of cellulose
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Acid hydrolysis (1 bar / 1.5 h) of unbleached softwood pulp as a function of added

NaClO, (0—13.4 %) — high moisture content (dry matter content - 23 %)
Hot water extraction - purification step (6 h with soxhlet extractor) after acid hydrolysis
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CNCs from alkaliextracted potatofiber (Vitacel)

Alkaliextraction :> Washing Addition HCI/ NaClO,
1 M NaOH/2h /80 °C with water of NaClO, hydrolysis
SN Washing
DRt SUEG TR with water
CNGs imaged with
.AFM{.I.,c;ryQ-TEM" — @
= g Ry Sonication Washing TEMPO-
Tl um/ NV R with water mediated
PR A e A (centrifuge) oxidation

Combined yield of hydrolysis and TEMPO-mediated oxidation was 66.1 %

Reduction of DP with HCI/NaCIlO, (3.4 %) hydrolysis (1 bar /6 h) was from 3670 to 770
(422 after TEMPO oxidation)

Both nanofibers and CNCs can be produced with same process
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Fibrils and CNCs from potatofiber - AFM
Alkaliextraction - HCI / NaClO, hydrolysis - TEMPO-mediated oxidation
Without and with sonication
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CNCs from potatofiber (sonicated)
Alkaliextraction - HCI / NaCIlO, hydrolysis - TEMPO-mediated oxidation

Cryo-TEM and AFM
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CNCs from potatofiber (sonicated) - Cryo-TEM
Alkaliextraction - HCI / NaCIlO, hydrolysis - TEMPO-mediated oxidation
Aspect ratio (L/D)~10-175




Nanofibrils from alkaliextracted Potatofiber (Vitacel)

- Yield of hydrolysis was 67.4 %
- Reduction of DP with HCI/NaCIlO, (3.4 %) hydrolysis (1 bar /4 h) was from 3670 to 781
- Nanofibrils are produced without TEMPO-mediated oxidation

Alkaliextraction Washing Addition HCI/ NaCIO,
1M NaOH/2h /80 °C :> with water E> of NaClO, E> hydrolysis

Nanofibrils L/ @
imaged with AFM Washing
- with water
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Nanofibrils from alkaliextracted potatofiber (Vitacel) - AFM
Alkaliextraction - HCI / NaClO, hydrolysis - fluidization - Sonication

Aalto University
School of Chemical

B Engineering



Summary

Acid hydrolysis with pressurized HCl gas is a platform for production of nanocellulosic
materials with multiple processes and raw materials

CNCs produced with HCI hydrolysis + TEMPO-mediated oxidation
Bacterial cellulose

+ NaClO, not needed

+ High yield

- High raw material cost, risk of hornification

Potatofiber

+ Moderate yield, low raw material cost

+ Both nanofibers and CNCs can be produced with same process

+ Nanofibrils can be produced without TEMPO-mediated oxidation
- NaClO, needed
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