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I. Pricing of cellulose nanomaterials, Spring 2019.

University of Maine Process Development Center.

UMaine MNumber of Cost per Unit Cost - SUsSD
CNF/CME Cellulose Nanofibrils Unit Size Lead Time Units SUSD 5/H will b= added
1 pound 1-2 Days
1 Standard Slurry, 3% Solids S-gallon pail S50
1 pound 2-3 Days
2 Standard Slurry, ~15% solids 1-gallon pail 5?5
1/4 pound 2-3 Days
3 Standard Slurry, Freeze-dried bag $2ﬂ":'
1 pound Made to Order
4 High fimes slurry, 3% solids E-gallon pail 5?5
T ——— Please Call
5 CNF Slurmy — bulk volume I-Eallon hame
FPL Cellulose Manocrystals, Number of Cost per Unit Cost - SUsSD
CNC acid-hydrolyzed Unit Size Units SUSD I5/H will be added
1 pound 1-2 Days
& Slurry, ~11.8% Solids 2-gallon pail 5250
1/4 pound 1-2 Days -
7 Freeze-dried powder bag 5112.50
g Please Call
3 CHC Slurry — bulk volume A e
FPL Cellulase Nanofibrils, Number of 100 | Cost perunit Cost - SUsSD
TOCN TEMPO-oxidized Linit Size gram units SUSD I5/H will be added
1040 grams 1-2 Days
9 Slurry, ~1% Solids 4-gallon pail $33|:'
104 grams 2-3 Days
10 Freeze-dried powder bag 559':'
55-zallon barrel Please Call
11 TOCH Slurry — bulk volume AHEENL T
TOTAL for
samples

Figure S1. Nanocellulose pricing (spring 2019), University of Maine Process Development Center.




CelluloseLab, contact@celluloselab.com.

Srmall Packigs Order Lirgs Packige Drdes
Cellushose Laks Extralarnge
ProductSeries | s Produt Form Sl fovan-dry | Cost, USD pargram | Slm (sven-dry |Cest, USD pir groms| s
weight L s} |-y weeighit) welght bils] | jowen-dryweight)
CHF Slurry Callulose Narafibiils ey, 3.0% solids 1g—5008 5200 So1g-5kg £1.75
CHFD Callulose Namafibirils Fress drisd Dry 1g—300g 56.00 01g—2kg £5.50
CHF.CM Slurry Carbeorymnethylated Celhalose Manofibells| Slurry, 0.5% - 7% solids 1g—5lg S15.00 E1g— kg £13.00
WFC series
ellulose | eue - (Cartecu yrmeethvglated Celloloue X =
i NFCMFD-P Dr 1g— 50 1500 Elg—1 £13.00
Mamcibrilser | Nareorils, Freemsdried, Pulp materia Y =60y § g—1lkg
anc Sleillaned A -
= o (oo yeret el Cedlubie
cellulose) WF.CM-EDL D 1g—50 2000 51g— Lhg £15.00
P R WamiSbirils, Sprayedried, Cotten material " =0 . =t
MFC series
[micra e Cartsooyrresttylated Celludoe .
¥ NF.CMLED-E Dr 1g—50 25,00 51g— kg £30.00
Sewillated (S Mamofbrils, Spraydried, Sl mateial Y L ¥ 3 8 -
cellulose)
CHF.Cath Catiemic type Cellulose Named brils Slurry, 0.5% - 7% solids 1g—5lg §20000 Elg—Lkg £17.50
; . TEMPO {Anicmic type] Cellulase z Flease
WF.TEMPO.FD D 1g—50 25,00 51g— kg £30.00 —==
- NariBrils Powiir " =0 2 =i Ot
; TEMPGO (Aniomic type] Cellulase . k :
NF.TEMPO.S lurry, 0.5% - 7% selid 1g— 50 2000 Elg— Lhg £17.50
b MamaSBirils SlurTy st i Ll = e
CHC-Surry Cellulose Mamacrystals, acid hydredysis | Slurry, 11,85 solids 1g—5008 $3.00 S01g—5kg 250
CHCFD Cellulose Narercrystals Freese-dried Dry 1g—200g $6.00 201g—1kg 550
WCEC jor CNC)
sl 5D Cellulase Narecrystals Spraydried Dry 19— 2008 $6.00 201g—1kg £5.50
Marsocrystalling
Celiuloss or 3
N i et Py | i ol Cellilore - a . .
c LMD D 1g— 100 10,00 wig—1 £8.00
Celluleae Marsrrystals, Speay dried, Pule material " 8 ® # =2
Mancornyaals)
CHCCationic Catiemic type Collulose Namocrystals Shery, 1% - 7% solids 1g—50¢g $25.00 51g—Lkg £20.00
CHCTEMPO TEMIPCHbomtc types) Culicioe Shearry, 1% - 7% sofids 1g—50¢ §25.00 51g—Lkg £20.00
Mamocrystals

Figure S2. Nanocellulose pricing (spring 2019). CelluloseLab.




Nanografi

&« e ‘0 @& https://nanografi.com/nanoparticles/cellulose-nanocrystal-nanocrystal - T} O‘ Search i In @ @ H =

o Gift Certificates = cCart

'y

nanografi
Carbon Nanotubes >

Cellulose Nanocrystal (Nanocrystalline

Graphene >
Fullerene ; <G> Cellulose,CNC)

Crysta l I i ne nanografi (No reviews yet) Write a Review
Nanoparticles >
Microparticles > Nanocellulose SKU: NGOTNC0101
SHIPPING: Calculated at Checkout
Rare Earth Materials > Crystalline Nanocellulose(CNC),
Dia 10-20 nm, L: 300-900 nm
Sputtering Targets > €18.00

IF YOU ARE INTERESTED IN A QUOTE FOR A LARGE QUANTITY,
Dispersions ? PLEASE CONTACT US:

Silicon Wafers & 259 100g 500g 1000g

Semiconductor Wafers >

o o QUANTITY:
Special Materials
- 1 ~
Battery Equipment >
v
& (<] ‘0 [OF ] https://nanografi.com/nanoparticles/cellulose-nanofiber-cellulos E e T.‘? Q search i I @ @ H =
a
e Gift Certificates = cart
nanografi
Carbon Nanotubes »

Cellulose Nanofiber (Cellulose Nanofibril,

Graphene >
Fullerene . <G> Nanofibrillated Cellulose, CNFs)

. . (No reviews yet) Write a Review
nanografi
—— . Nanofibrilated
Microparticles > ce I I u I ose SKU: NGOTNC0201
SHIPPING: Calculated at Checkout
Rare Earth Materials > Nanofibrilated Cellulose(CNFs),
Dia 10-20 nm, L: 2-3 um £30.00
Sputtering Targets > 2
. . IF YOU ARE INTERESTED IN A QUOTE FOR A LARGE QUANTITY,
Dispersions ? PLEASE CONTACT US:

Silicon Wafers & 25g 100g 500g 10009

Semiconductor Wafers >

" " QUANTITY:
Special Materials
v 1 ~

Battery Equipment >

Figure S3. Nanocellulose pricing (spring 2019), Nanographi.




I1. Atomic Force Microscopy results

High resolution images of the as-received CNFs and TOCNFs were obtained with Atomic
Force Microscopy (Dimension Icon, Bruker) following the preparation method outlined by [30].
Topographical images were captured in the ScanAsyst® mode using a tip with a 2 nm nominal tip
radius. AFM data were plotted and processed with Gwyddion [31]. Figure S4 shows 10 um x 10
um scans of (a) as-received CNFs and (b) TOCNFs deposited on freshly cleaved mica substrates.
Figures S2 and S3 show 10 pm x 10 pm scans obtained from the top (free) and bottom
(constrained) surfaces from the PVDF, CNF/PVDF, and TOCNF/PVDF composites. Figures S2
and S3 show the morphology of the PVDF, CNF/PVDF and TOCNF/PVDF top surfaces. Table
S1 lists the surface roughness values obtained from the AFM scans shown in Figures S2 and S3.

Table S1. Surface roughness of films obtained from AFM scans.

wWt% Surface Roughness Surface Roughness
Top surface (rms), nm Bottom surface (rms), nm
0 74 2.9
CNF
0.5 124 3.1
1 188 3.2
2 131 5.1
3 231 7.0
4 293 5.5
5 382 5.3
TOCNF
0.5 317 4.0
1 255 4.2
2 255 8.0
3 431 6.1
4 327 7.7
5 446 5.3




Figure S4.
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AFM of (a) as-received CNFs, and (b) TOCNFs. Scan size is 10 pum x 10 pm.
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Figure S5. Surface topography of the top (free) surface of (a) PVDF, (b) 0.5,(c) 1,(d) 2,(e) 3,(f) 4,(g) 5 wt%
CNF/PVDF, and (h) 0.5, (i) 1,() 2,(k) 3,(1) 4,(m) 5 wt% TOCNF/PVDEF. Scan sizes are 10 pm x 10 pm.
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Figure S6. Surface topography of the bottom (constrained) surface of (a) PVDF, (b) 0.5,(c) 1,(d) 2,(e) 3,(f)
4,(g) 5 wt% CNF/PVDF, and (h) 0.5, (i) 1,(j) 2,(k) 3,(1) 4,(m) 5 wt% TOCNF/PVDF. Scan sizes are 10 um

x 10 um.



Table S2. Summary of Equation 1 fitting results for PVDF, CNF/PVDF, and TOCNF/PVDF films.

top surface bottom surface

wt% (f') 1 0’_2 oy | omo | e (‘?) (xw'f vy | A
0 MO sexnn | 01 b oon | ooos | FEVE | iax0s | LO0E | 0979 | 0.004
CNF
05 P 2ew02 | %0 ogos | 0002 | T | g | 0 | 0993 | 0.002
1 POE ] a0 | L0 Loser | o002 | B 0E L s=03 | L00E | 0987 | 0.004
2 O | 5307 | %0 L 09ss 0003 | T | aawoa | 00T | 0983 | 0.005
3 ] ] ; - S ST 200 | O0E ] 0094 | 0002
4 Log.f)‘f 21403 O('f é; 0.983 | 0.006 73)1)(1 “ 1 19+02 1&;?8; 0.995 | 0.001
5 ) . ] ; . 7%'%(; 1 28+04 | ! 6(.)(())3i 0.992 | 0.005
TOCNF
0.5 8%‘_%8; 1.9+0.3 o:g; 0.989 | 0.003 810"‘:)31 T 129403 O('fgzi 0.996 | 0.001
1 W0 | sowo2 | %0 Fogso | 0017 | TERE | g0 | 0E | 0997 | 0001
2 9%’%% 149+2.8 0(’)5.3; 0.973 | 0.009 7%201 F 125402 033 D | 0997 | 0001
3 U] 7sw02 | %70 Looro | oot | R20F | 1won | 0 | 0994 | 0001
4 ) . ] ) - 7%%31 1l 16x01 | ! 6?8; 0.996 | 0.001
T T e e om

*adjusted 1, **reduced 2




II1. DSC first and second melting curves from CNF and TOCNF/PVDF composites.
Figure S7 shows the first and second DSC melting curves for the PVDF, CNF/PVDF, and

TOCNEF/PVDF composites.
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Figure S7. First (a)-(b), and (c)-(d) second DSC melting curves for (a) CNF/PVDF composites and (b)
TOCNF/PVDF composites. The results from (b) imply the presence of multiple crystalline phases, melting
of imperfect crystalline phase or solid-solid phase transition.



IV. Tensile properties of the CNF and TOCNF/PVDF composites.

The mechanical properties of the composites obtained from the tensile tests (tensile modulus,

ultimate tensile strength and % elongation at break) are shown in Figure S8.
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Figure S8. Mechanical properties of the composites as function of CNF/TOCNF wt%, (a) tensile modulus,
(b) ultimate tensile strength, and (c) % elongation at break.



