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Production of cationic nanofibrils of cellulose by twin-screw extrusion
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Cat ionizat ion of cellulose f iber s introduces posit ives charges and t hus decreases t he energy consumpt ion t o pr oduce cellulose nanofibr il s (CNF), impr oves t heir qual ity and confer s t hem ant imicrobial pr opert ies. In t his st udy, cat ionic CNF at 17 wt % sol id cont ent wer e pr oduced for the fir st t ime using an energy efficient pr ocess: t he t win-scr ew extrusion (TSE). The pr oduct ion was compar ed t o t he pr oduct ion of enzymat ic CNF using t he sa me mechanical treat ment and t he efficiency of cat ionizat ion was discussed. CNF pr oduced wer e charact er ized using differ ent t echniques such as opt ical microscopy, at omic force micr oscopy, mechanical pr opert ies or transpar ency and finally classified using t he qual i t y index. Despit e a sl ipping effect in t he TSE which l eads t o intact r esidual fiber s, highl y transpar ent CNF wit h high Young's modulus (10 GPa ) and suitable qual ity index wer e obtained consuming onl y 1,100 k Wh/t . Act ivit y of cationized CNF t o l imit bact er ia pr ol iferat ion has even been confir med.

Introduction

Cellulose, t he most abundant pol ymer on Earth, r enewabl e, sustainabl e and biocompat ibl e, is a good candidat e t o devel op bio-based pr oduct s. Cellulose nanofibr il s (CNF), obtained by mechanical act ion on cellulose fiber s pr esent undeniabl e advantages. CNF possess high mechanical pr opert ies, good barr ier pr opert ies and high surface ar ea . They can be used in many a ppl icat ions such as packaging [START_REF] Lavoine | Micr ofibr illated cellulose -It s barr ier pr opert ies and a ppl icat ions in cellulosic mat er ial s: A r eview[END_REF], pa int ing, pa per [START_REF] Bardet | Met hod for making pa per[END_REF][START_REF] Br Odin | Cellulose nanofibr il s: Chall enges and possibil it ies as a pa per addit ive or coat ing mat er ial û€[END_REF] or medicine (Jorfi and Fost er , 2015). Industr ial product ion started 8 year s ago and some industr ial appl icat ions ar e now availabl e. CNF ar e already used in sport shoes, pens or car e pr oduct s.

To decr ease t he energy consumpt ion, t o facil itat e the pr oduct ion and t o increase t he qual i ty of pr oduced CNF, cellulose fiber s ar e submitt ed t o chemical pr etreat ment befor e the nanofibr illat ion based on a mechanical pr ocess. Indeed, chemical modificat ion of cellulose fibers allows weakening the hydrogen bonds bet ween fiber s and making t he nanofibr il s separat ion easier . Most of t he t ime, chemically modified fiber s l ead t o funct ional ized CNF of higher qual i t y wit h also some addit ional pr opert ies. For exa mpl e, phosphorylat ion of cellulose f iber s l eads t o fir e-r etardant CNF [START_REF] Ghanadpour | Phosphorylat ed Cellulose Nanofibr il s: A Renewabl e Nanomat er ial for t he Pr eparat ion of Intr insically Flame-Retardant Mat er ial s[END_REF]. Many chemical pr etreat ment s have been st udied and very r ecently reviewed (Rol et al ., 2018b).

Cat ionizat ion of cellulose was pr eviousl y r eport ed [START_REF] Abbott | Cat ionic funct ional isat ion of cellulose using a chol ine based ionic l iquid analogue[END_REF][START_REF] Ca I | Effect of surface-graft ed ionic gr oups on t he perfor mance of cellulose-fiber -r einforced ther moplast ic composit es[END_REF][START_REF] Song | Homogeneous Quat ernizat ion of Cellulose in Na OH/Ur ea Aqueous Solut ions as Gene Carr ier s[END_REF][START_REF] Song | Fl occulat ion Pr opert ies and Ant imicrobial Act ivit ies of Quat ernized Celluloses Synthesized in Na OH/Ur ea Aqueous Sol ution[END_REF][START_REF] Yan | Synt hesis and Fl occulat ion Behavior of Cat ionic Cellulose Pr epar ed in a Na OH/Ur ea Aqueous Sol ut ion[END_REF] but it s use t o hel p t he nanofibr illat ion is mor e r ecent . Aul in et al . [START_REF] Aul In | Sel f-Or ganized Fil ms from Cellulose I Nanofibr il s Using t he Layer -by-Layer Technique[END_REF]) wer e t he first t o cat ionize cellulose t o make t he nanofibr illat ion easier using 2,3epoxypr opyl tr imet hylammonium chl or ide (EPTMAC) in wat er , isopr opanol and sodium hydroxide (Na OH) and using a microfluidizer . Then many differ ent pr otocol s have been pr oposed [START_REF] Ho | Pr eparat ion and charact er izat ion of cat ionic nanofibr illated cellulose from et her ificat ion and high-shear disint egrat ion pr ocesses[END_REF][START_REF] Littunen | Synt hesis of cat ionized nanofibr illated cellulose and it s ant imicrobial pr opert ies[END_REF][START_REF] Odabas | Pr opert ies of Cellulosic Mat er ial aft er Cat ionizat ion in Differ ent Sol vent s[END_REF][START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF][START_REF] Sehaqui | Cat ionic cellulose nanofibers from wast e pul p r esidues and t heir nitrat e, fl uor ide, sul phat e and phosphat e adsor pt ion pr opert ies[END_REF]. Differ ent cat ionic r eagent s have been used : 2,3-epoxypr opyl tr imet hylammonium chlor ide (EPTMAC) [START_REF] Ol Szewska | The behaviour of cat ionic NanoFibr illar Cellulose in aqueous media[END_REF][START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF], and Girard's r eagent T ((2-hydrazinyl -2-oxoet hyl ) tr imet hylazanium chl or ide, GT) [START_REF] Liimatainen | Fabr icat ion of cat ionic cellulosic nanofibr il s t hrough aqueous quat ernizat ion pr etreat ment and t heir use in colloid aggr egat ion[END_REF]. Some st udies al so report ed t he use of sol vent such as dimet hyl sulfoxyde (DMSO), t etrahydrofuran (THF) or isopr opanol t o incr ease t he cellulose modificat ion while ma intaining t he crystallinit y [START_REF] Odabas | Pr opert ies of Cellulosic Mat er ial aft er Cat ionizat ion in Differ ent Sol vent s[END_REF]. Sol vent such as DMSO can be used t o swell the fiber and t o incr ease t he cat ionic r eagent penetration [START_REF] Ho | Pr eparat ion and charact er izat ion of cat ionic nanofibr illated cellulose from et her ificat ion and high-shear disint egrat ion pr ocesses[END_REF].

Chaker et Boufi [START_REF] Chaker | Cat ionic nanofibr illar cellulose wit h high antibact er ial pr opert ies[END_REF] obtained a degr ee of subst it ut ion (DS) bet ween 0.05 and 0.19 by pr etreat ing fiber s in 10 wt % dimet hylacetamide (DMAC) using potassium hydroxyde (KOH) as a catalyst . DMAC act s as a swell ing agent but al so l imit s t he hydrolysis of t he epoxy r ing. At a charge cont ent of 1,160 µmol /g, 85% of t he f iber s were nanofibr illated. In t his st udy, t he r eact ion was done in wat er t o be t he mor e ecofr iendly and industrially ava ilabl e as possibl e. The most important paramet er s ar e t he Na OH and EPTMAC quant it ies compar ed t o anhydroglucose unit s (AGU) as well as r eact ion t ime and st irr ing homogeneit y. Depending on t he pr otocol DS bet ween 0.05 [START_REF] Odabas | Pr opert ies of Cellulosic Mat er ial aft er Cat ionizat ion in Differ ent Sol vent s[END_REF] and 0.74 [START_REF] Song | Fl occulat ion Pr opert ies and Ant imicrobial Act ivit ies of Quat ernized Celluloses Synthesized in Na OH/Ur ea Aqueous Sol ution[END_REF]) wer e r eport ed. High and r epeatabl e DS ar e difficult t o r each and it has been r eport ed as a key paramet er in t he energy consumpt ion [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF]. Cat ionizat ion of cellulose fiber s, which occur s by t he nucl eophil ic addit ion of t he alkal i-act ivat ed hydroxyl groups of cellulose t o t he epoxy moiet y of EPTMAC [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF], is a compl icat ed modificat ion. CNF qual it y depends a l ot on the DS of modified f iber s. Wit h a charge cont ent between 0.59 and 2.31 mmol /g, Pei et al . [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF] r eport ed CNF wit h high mechanical pr opert ies, na mel y a Young's modulus bet ween 9 and 10 GPa . Sa ini et al . [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] r eport ed r ecently a dia met er of 12 nm for cat ionic CNF inst ead of 62 nm for enzymat ic CNF. Cellulose cat ionizat ion facil itat es t he nanofibr illat ion and l eads to smaller funct ional ized CNF of high qual i t y. In addit ion t o t heir good qual it y, cat ionic CNF pr esent ant imicrobial pr opert ies [START_REF] Littunen | Synt hesis of cat ionized nanofibr illated cellulose and it s ant imicrobial pr opert ies[END_REF]Saini et al ., 2016) t hank to quat ernary a mmonium groups which possess ant isept ics and ger micide pr opert ies. When the DS exceeded 0.1, cationic CNF present a bacteriostatic or a killing effect with gram positive bacteria whereas higher DS is required to have an effect on a Gram negative bacteria (Saini et al., 2016).

Despit e chemical modificat ion of cellulose fiber s, mechanical pr ocesses tradit ionally used t o nanofibr illate t he pul p st ill consume a l ot of energy. Saini et al . (Sa ini et al ., 2016) r eport ed an energy consumpt ion bet ween 11,000 and 3,000 k Wh/t for cationic pul p wit h a DS bet ween 0.05 and 0.18, by using an ultra-fine gr inder . Recently, t win-scr ew extrusion (TSE) has a ppear ed as an energy-efficient mechanical pr ocess t o pr oduce CNF at high sol id content [START_REF] Baat I | High Sol id Cont ent Pr oduct ion of Nanofibr illar Cellulose via Cont inuous Extrusion[END_REF][START_REF] Baat I | CNFs fr om t win scr ew extrusion and high pr essur e homogenizat ion: A comparat ive st udy[END_REF][START_REF] Heiskanen | Pr ocess for Pr oduct ion of Micr ofibr illated Cellulose in an Extruder and Micr ofibr illated Cellulose Pr oduced According t o the Pr ocess[END_REF][START_REF] Ho | Nanofibr illat ion of pul p fiber s by t win-scr ew extrusion[END_REF][START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF]. Enzymat ic CNF at 20 wt % sol id cont ent wit h a high Young's modulus and a transpar ency of 90 % wer e obtained consuming 60 % l ess energy t han an ultra-fine gr inder [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF].

The ma in object ive of t his st udy is t o combine cat ionizat ion and t he energy-efficient TSE pr ocess t o pr oduce high sol id cont ent funct ional ized CNF, decreasing further t he energy consumpt ion and t he number of passes t hrough t he TSE for pr eserving t he qual it y. Indeed, for now, seven passes are requir ed t o obtain high qualit y CNF by TSE using enzymat ic cellulose pul p [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF].

Material and methods

Materials

Cellulose used t hroughout this work is a commer cial eucalypt us bl eached kraft pul p (Fibr ia T35, dry, moist ur e of 7.00 ± 0.13%). All t he mat er ial s and chemical s wer e used as r eceived from t he pr oducer s: sodium hydroxide (Na OH, Rot h, 98%), hydrochlor ic acid (HCl ; Sigma Al dr ich, 37%), epoxypr opyl tr imet hyl a mmonium chl or ide (EPTMAC, Sigma Al dr ich, 90%), sil ver nitrat e (Ag NO 3 , Rot h, 99%), Cellulase Fiber Car e ® (Novozymes, 4,500ECU/g ), acet ic acid (Roth, 99%) and sodium acetate tr ihydrat e (Sigma Al dr ich, 99%). Commer cial CNF fr om t he Centre Technique du Pa pier (CTP, Gr enobl e, France) wer e used. Dist illated wat er was used in sol utions or suspensions pr eparat ions.

Methods

Cellulose refining. The eucalypt us bl eached kraft pul p f iber s wer e r efined pr ior t he chemical pr etreat ment using a pil ot disk r efiner (Mat ech Pa per) equipped wit h 12" disks. Cellulose suspension at 2 wt % was r efined unt il a Schopper Riegl er index (°SR) of 90, measur ed wit h ISO 5267 standard.

Measur ement s wer e at l east done in tr ipl icat e.

Cellulose Cationization. The pr otocol was ada pt ed from Sa ini et al . [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] pr evious st udy. 40 g of r efined cellulose fiber s at 5 wt % wer e mixed wit h 29.6 g of Na OH dil ut ed in 100 mL of wat er .

The mixt ur e is t hen mixed and heat ed dur ing 30 min at 65°C. Finally, 4 mol /mol AGU of EPTMAC wer e added t o t he cellulose suspension and mixed for 5 h at 65°C. The r eact ion was done in a plast ic bag placed in a heat ed r eactor fill ed wit h wat er in order t o be mixed easil y by hand every 15 min. Finally, t he suspension was neutral ized using HCl , 1M and washed wit h wat er under filtrat ion. This pr otocol was r epeat ed 6 t imes.

Charge content. Degree of substitution (DS).

The cat ionic charge cont ent DS was measur ed by conduct imetr ic t itrat ion. 0.4 g (dr y) of modified cellulose fiber s wer e disper sed in 200 mL of wat er and t itrated wit h sil ver nitrate sol ut ion at 0.06 M. The degr ee of subst it ut ion was calculat ed as follows.

Titrat ion was done at l east thr ee t imes and t he average is pr esent ed.

= n n = C * V m
Wher e n Ag NO3 (mol ) is t he number of mol e of Ag NO 3 at t he equival ence, n cellulose (mol ) is t he number of mol e of cellulose pr esent in t he beaker , C Ag NO3 (mol /L) is t he concentrat ion of t he sol ut ion of Ag NO 3 , V Ag NO3eq (L) is t he vol ume of Ag NO 3 used at t he equival ence, m cellulose (g ) is t he quant ity of cellulose added and M cellulose (g /mol ) is t he molar mass of cellulose.

Cellulose pretreatment with enzymes. The eucalypt us bl eached kraft pul p f iber s wer e enzymat ically treat ed t o compar e t he efficiency of t he cat ionizat ion wit h t he most used pr etreat ment at industr ial scal e. Cellulose fiber s at 2 wt % wer e r efined and t hen tr eat ed using endoglucanase enzyme solut ion (Fiber Car e ® , Novozymes). Fir stly, t he pH of t he suspension was adjust ed t o 5 using a buffer of acet ic acid and sodium acetat e trihydrate. Then 300 ECU (EndoCellulase Unit s) of enzymes per gram of cellulose wer e added and the r eact ion was perfor med 2 h at 50°C. Aft er kill ing t he enzyme by heat ing the suspension t o 90°C for 15 min , cellulose suspension was washed wit h deionized wat er under filtrat ion and filt er ed t o a suspension of 17 wt % sol id cont ent .

Production of CNF by Twin-Screw Extrusion.

Cat ionic and enzymat ic cellulose fiber s wer e pr essed unt il a sol id cont ent of 17 wt %. The f iber s wer e t hen nanofibr illated using a twin-scr ew extruder (Model Ther moscient ific HAAKE Rheomex OS PTW16 + HAAKE Pol yLab OS Rheodr ive 7). The temperature was ma intained at 10 °C, t he fl ow was maintained at 50 g /min (humid ) and t he speed was set at 400 r pm. The scr ew profil e is shown in Fig . 1. The cellulosic pul p was passed from one t o seven t imes t hrough t he TSE according t o a pr evious st udy [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF].

Fig. 1. Twin-scr ew pr ofil e used for t he nanofibr illat ion of modified cellulose fibers

Specific Mechanical Energy (SME).

Ener gy consumpt ion for t he pr oduct ion of CNF by t win-scr ew extrusion was evaluat ed using t he t orque C (N.m) suppl ied by t he soft ware. The energy (kWh/t ) is obtained using t he following equat ion. Cal culat ion was done for each pass and summed up.

SME = N * C * P * ! * "
wher e N is t he speed in r pm, N max t he maximal speed in r pm (1,100 r pm), P max t he maximal pr essur e (7 kW), C max t he maximal t orque (130 Nm) and Q t he dry flow in t /h.

The r eport ed energies take into account t he energy consumed by t he r efining st ep, namel y 600 k Wh/t .

Optical microscopy. CNF suspensions wer e dil ut ed to a concentrat ion of 0.5 wt % using an Ultra-Turrax (1 min) st irr ing system. At l east 10 images were taken using an opt ical microscope (Carl Zeiss Ax io Imager M1) equipped wit h an AxioCa m MRc 5 digital ca mera and t he most r epr esentat ives ar e pr esent ed.

Atomic force microscopy (AFM).

A Dimension Icon atomic force micr oscope wit h an OTESPA cant il ever was used t o take images of CNF. Fir stly, CNF wer e dil ut ed t o a concentrat ion of 10 -2 wt %, then one drop was deposit ed on a mica disk and dr ied all t he night at a mbient t emperature. At l east 5 images of 5 differ ent ar eas wer e scanned and t he most repr esentat ive is pr esent ed her e.

MorFi analysis. The f iber s l ength wer e evaluat ed befor e and aft er t he chemical modificat ion using a

Mor Fi LB-01 f iber analyzer (Techpa p, France). The t est was done on pr ecisel y 0.3g of dry fiber s and repeat ed at l east t wo t imes.

Nanosized fraction. The fract ion of nanofibr il s in t he suspension was evaluated using a met hod developed by Nader i et al . [START_REF] Nader I | Repeat ed homogenizat ion, a r oute for decr easing t he energy consumpt ion in t he manufactur ing pr ocess of car boxymet hylat ed nanofibr illated cellulose?[END_REF]. CNF wer e r edisper sed t o 0.02 wt % and centr ifuged 15 min at 1,000 g using a centr ifuge (Sigma 3-18 KS, Ger many). The nanosized fract ion in % is equal t o the suspension concentrat ion aft er centr ifugat ion aga inst t he suspension concentrat ion befor e. At l east , test s wer e done t hr ee t imes and t he average is pr esent ed her e.

Turbidity. Tur bidit y of dil uted (0.1 wt %) CNF suspension was measur ed using a portabl e t ur bidimet er AL 250 T-IT (Aqua Lyt ic). The t ur bidimet er range is bet ween 0.01 and 1,100 NTU. At l east 10 measur ement s wer e done for each sa mpl e and average is calculat ed.

Nanopaper and Film preparation. Fil ms of 45 g /m² wer e pr epar ed by sol vent cast ing. 50 mL of modified CNF at 0.5 wt % wer e cast ed in Petr i dish and dr ied in a condit ioned room (25°C, 50%RH)

for seven days. Nanopa pers wer e pr epar ed using a standard sheet for mer (Ra pid Köt hen, ISO 5269-2) equipped wit h a nylon sieve wit h a mesh size of 1 µm. 2 g of dry CNF, dil uted at 1 wt % using an Ultra-Turrax wer e filt er ed and dr ied under vacuum in a dr yer for 20 min at 90 °C. Nanopa per s at 60 g/m² wer e t hen st or ed in a condit ioned r oom (25°C, 50%RH) for several days before charact er izat ions.

Transmittance. Cast ed films transpar ency was evaluat ed using a UltraViol et spectrophotomet er Shimadzu USA MFC Inc., 70158 at 550 nm. At l east 10 measur ement s per sa mpl e wer e per for med.

Mechanical properties.

An Instron 5965 machine equipped wit h a l oad cell of 5 kN ca pacit y was used to measur e t he mechanical pr opert ies of t he nanopa per s at a cross-head speed of 10 mm/min .

Nanopa per s wer e fir st cut in r ectangular specimen (100 x 15 mm). A minimum of 5 specimens wer e test ed for each sa mpl e and t he average is pr esent ed here. incubat ed 24h at 35°C and the number of col onies forming unit s (CFU) was count ed using pour plate met hod. The ant ibact er ial act ivit y of cat ionized nanocellulose fil ms was calculated using t he following equat ion:

Simplified

Log r educt ion = Log CFU T24 untreat ed sa mpl e -Log CFU T24 tr eat ed sa mpl e At l east tr ipl icat es wer e perfor med for each sa mpl e.

Results and discussions

Cellulose fiber s wer e cat ionized and high DS ar e expect ed t o decr ease t he energy consumpt ion 

Cationization and TSE: an efficient combination to produce CNF

Despit e several very r ecent pa per s r egarding cat ionic CNF pr oduct ion, none of them r eport ed t he use of t his pr etreat ment and TSE t o pr oduce funct ional ized cellulose nanofibr il s. Mor eover , onl y few publ icat ions deal wit h a compl et e charact er izat ion of cat ionic CNF.

Energy saving using this combination

CNF at 17 wt % sol id content wer e pr oduced using a TSE and enzymat ic hydrolyzed or cat ionized cellulose pul ps. Differ ent grade of CNF wer e pr oduced by passing t he pul p from 1 t o 7 t imes t hrough the TSE. The energy consumpt ions t o pr oduce such CNF ar e r eport ed in Fig . 2 and take int o account the similar energy consumed by t he r efining st ep, na mely 600 k Wh/t .

Cat ionizat ion of cellulose allows decr easing a l ot t he energy consumpt ion aft er 7 passes t hrough the TSE compar ed t o t he enzymat ic pr etreat ment . This r esult demonstrates the efficiency of t he introduct ion of posit ive charges ont o cellulose f iber s. The f ir st pass in t he TSE consumes al most the sa me energy for bot h pr etreat ment s wher eas a decr ease of 30% is observed aft er 7 passes. Bet ween 10 and 30 % of r educt ion wer e observed from passes 2 t o 7. Sa ini et al . [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] al so r eport ed a decr ease of 36% in t he energy consumpt ion by incr easing t he degr ee of subst it ution from 0.05 t o 0.18 using an ultra-fine gr inder. Cat ionizat ion introduces posit ive charges ont o t he surface of cellulose nanofibr il s, incr eases t he r epul sion bet ween fibr il s, decreases t he number of H-bonds and hence makes the fiber separat ion easier. Mor eover , some f iber swell ing ha ppens [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF] To not overcrowd t he study, onl y t he CNF suspensions obtained aft er 1 and 7 passes t hrough t he TSE ar e charact er ized. Indeed, in a pr evious st udy, it has been already shown that no mor e evolut ion occur s aft er 7 passes [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF]. Ho et al . [START_REF] Ho | Nanofibr illat ion of pul p fiber s by t win-scr ew extrusion[END_REF] r eport ed no change aft er 10 passes for non-pr etreat ed cellulose fibers.

Impact of the TSE on the pretreated fibers morphologies

Modified f iber s befor e t he nanofibr illat ion wer e analyzed using a Mor Fi analyzer. Wher eas t he nonpr etreat ed r efined fiber s pr esent a fiber l ength of 600 ± 10 µm, t he modified f ibers have l ength of 544 ± 6 and 400 ± 10 µm for cat ionic cellulose f iber s and enzymat ic cellulose fibers r espect ively. The enzymat ic pr etreat ment considerably decr eases t he fiber s l ength wher eas t he cat ionizat ion does not affect t he fiber s l ength. This will pr obably impact t he nanofibr illat ion efficiency.

Mor phol ogies of pr oduced CNF have been observed using opt ical micr oscopy and AFM images as shown in Fig . 3.

Big r esidual fiber s ar e pr esent in t he cat ionic CNF suspensions aft er 1 or 7 passes t hrough t he TSE wher eas enzymat ic CNF suspension does not contain any fiber s aft er 7 passes. Due t o t he high viscosit y of t he cat ionized pul p, t her e might be a sl ipping effect of fiber s int o t he TSE and intact big fiber s r ema in int o t he suspension. The issue of het erogeneous graft ing dur ing cat ionizat ion, or t he higher l ength of cat ionic f iber s might al so explain such r esult s, wit h some f iber s wit h l ower DS. This phenomenon has already been r eport ed for TEMPO-oxidized cellulose pul p [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF]. Insofar as r esidual fiber s do not pr esent any sign of fibr illat ion, it confir ms t heir sl ipping a mong t he scr ews.

Indeed, even when cellulose fiber s wher e not chemically tr eat ed, f iber s passing t hrough t he TSE always pr esent a certain l evel of fibr illat ion [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF]. Residual fiber s were al so r eport ed for a suspension wit h a DS of 0.18 passed t hrough an ultra-fine gr inder [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF]. However , f iber s cont ent t ends t o decr ease wit h t he number of passes t hrough t he TSE for bot h pr etreat ment s, demonstrat ing t he TSE efficiency as r eport ed pr eviously [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF](Rol et al ., , 2018a ) ).

The macro size, used for the calculat ion of t he simpl if ied qual ity index and pr esent ed in Tabl e 1, repr esent s t he surface of r esidual fiber s visibl e on opt ical microscopy images. Cat ionic CNF pr esent residual fiber s explaining the higher macro size t han that of enzymat ic CNF. However , t he decr ease in the macro size wit h t he number of passes confir ms the efficient nanofibr illat ion. To conclude, t he qual it y of pr oduced CNF will be negat ivel y impact ed by t he pr esence of t hose residual fiber s and t he charact er izat ions t echniques used lat er can be skewed. Cat ionic nanofibr il s become t hinner and mor e homogeneous when t he modificat ion rat e incr eases unt i l a DS of 0.37 [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF]. The r esult s ar e in agr eement wit h Chaker and Boufi [START_REF] Chaker | Cat ionic nanofibr illar cellulose wit h high antibact er ial pr opert ies[END_REF], who r eport ed a widt h bet ween 20 and 40 nm for cat ionic CNF. Cat ionic CNF and enzymat ic CNF have a pparently similar mor phology but it seems t hat individual cat ionic CNF ar e smaller t han enzymat ic ones due t o fiber r epul sion which facil itat es t he nanofibr illat ion and hence leads t o small er CNF. [START_REF] Kangas | Charact er izat ion of fibr illat ed celluloses. A short r eview and evaluat ion of charact er ist ics wit h a combinat ion of met hods[END_REF]. Differ ent t echniques can be used and a qual i t y index (QI or a simpl ified one QI*), which involves some of t hem has been r ecently proposed t o easil y charact er ize and classify CNF [START_REF] Desma Isons | A new qual i t y index for benchmarking of differ ent cellulose nanofibr il s[END_REF]. Neverthel ess, t he QI, devel oped for enzymat ic CNF, is maybe not fully ada pt ed t o funct ional ized CNF. It gives ma inl y an indicat ion about homogeneit y of CNF and not r eally the qual i t y. For 1 pass, QI* for cat ionic CNF (QI* = 60.9 ± 3.0) was sl ightly higher t han t hat of enzymat ic CNF (QI* = 57.4 ± 0.2). When t he number of passes incr eases unt il 7, ther e is no change of QI* for cat ionic CNF (60.7 ± 0.4) wher eas a cl ear improvement is observed for enzymat ic CNF (QI* = 69.5 ± 1.8). This can be easil y explained by t he l ower nanofibr illat ion yiel d, due t o t he sl ipping effect of cat ionic cellulose fiber s and hence by t he pr esence of r esidual fibers which infl uences negat ivel y many charact er izat ions t est s. It seems t hat only 1 pass is sufficient for cat ionic CNF or at least no cl ear impr ovement is obser ved. Nanofibr illat ion can be st opped aft er 1 pass, which r esults in lower energy consumpt ion.

It is t hen important t o consider mor e in detail s t he mechanical pr opert ies of nanopa per s. The Young's modulus, t oughness and t he t ensil e str ength are r eport ed in Tabl e 1. Such charact er izat ion of cat ionic nanopa per was poorly r eport ed in t he l it erature [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF]. Mechanical pr opert ies ar e affect ed by several parameter s such as por osit y of t he nanopa per , intr insic pr operties of t he nanofiber s and t he number of hydrogen bonds bet ween fibr il s [START_REF] Gonzál Ez | NANOFIBRILLATED CELLULOSE AS PAPER ADDITIVE IN EUCALYPTUS PULPS[END_REF][START_REF] Gonzál Ez | Fr om pa per t o nanopa per : evol ut ion of mechanical and physical pr opert ies[END_REF][START_REF] Kulachenko | El ast ic pr opert ies of cellulose nanopa per[END_REF]. Cat ionic CNF pr esent a Young's modul us between 7 and 10 GPa , depending on t he number of passes wher eas enzymat ic CNF pr esent higher Young's modulus (bet ween 10 and 12 GPa ). Aft er t he fir st pass t hrough t he TSE, bot h suspensions pr esent equival ent Young's modulus. The r esidual fiber s, which ar e l ess r igid and can cr eat e pr ivil eged fa il ur e zones, do not influence mechanical pr opert ies because of high int eract ion bet ween t he matr ix made of CNF and t he fill er constit ut ed by t he r esidual fiber s [START_REF] Gonzál Ez | Fr om pa per t o nanopa per : evol ut ion of mechanical and physical pr opert ies[END_REF]. The CNF quant it y, na mel y around 54% as measured by t he nanosized fract ion, is sufficient t o obtain high mechanical pr opert ies. Mor eover , higher tensil e str engths ar e obtained for cat ionic CNF, pr obably due t o t he higher entangl ement and number of hydrogen bonds or ionic int eract ions. The higher cellulose DP of t he cat ionic CNF, pr esent ed Tabl e 1, can al so influence the t ensil e strength and t oughness [START_REF] Henr Iksson | Cellulose Nanopa per Structures of High Toughness[END_REF].

The r esistance of bot h cat ionic and enzymat ic cellulose nanopa per s t o fracture wer e measur ed and report ed in Tabl e 1. Cat ionic CNF pr esent much higher t oughness t han enzymat ic CNF but no evolut ion is r eport ed wit h the number of passes t hrough t he TSE. Cat ionic CNF pr esent smaller size and higher cohesion and t hus l ead t o higher r esistance. Data r eport ed her e ar e sl ightly l ower t han t he ones r eport ed in t he l it eratur e. Indeed t oughness bet ween 6.5 [START_REF] Mao | Toughening mechanisms in cellulose nanopa per : t he contr ibut ion of a mor phous regions[END_REF] Wher eas mechanical pr opert ies incr ease wit h t he efficient nanofibr illat ion for t he enzymat ic CNF, no evolut ion was observed for t he funct ional ized CNF, confir ming t hat no mor e nanofibr illat ion occur s aft er t he fir st pass. Aft er 7 passes for t he cat ionized pul p, similar Young's modulus as aft er 1 pass for t he enzymat ic pul p ar e obtained.

Transmittance of cat ionic f il ms has been measur ed on cast ed fil ms and r eport ed in Fig . 4.

Transmittance allows t o compar e t he sa mpl es and t o follow t he evolut ion wit h t he number of passes but does not correspond exactly t o t he transpar ency. Despit e l ow transmittance, highl y transpar ent fil ms wer e obtained for both pr etreat ment s, as observed in images in Fig . 4. However enzymat ic CNF pr esent higher transmittance what ever t he number of passes. Once aga in, sl ight evolut ion of t he transpar ency is r eport ed for cat ionic pul p confir ming t hat further nanofibr illat ion aft er 1 pass is not efficient . CNF mor phologies al so infl uence t he transmittance of CNF f il ms. Enzymat ic CNF pr esent s higher transmittance due t o t he absence of r esidual f iber s which cr eat ed pores and incr ease t he roughness of t he fil m, decreasing t he transmittance. Finally, cat ionic f il ms ar e transpar ent due t o t he very small dia met er s of nanofibr il s and such transpar ency is enough for most of t he CNF a ppl icat ion. st ep, which is ver y l ow compar ed t o t he l it erature [START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF][START_REF] Spence | A comparat ive st udy of energy consumpt ion and physical pr opert ies of micr ofibr illated cellulose pr oduced by differ ent pr ocessing met hods[END_REF]. Such QI* ar e sufficient for numer ous a ppl icat ions of CNF such as in packaging for exa mpl e. Mor eover , t he cat ionic CNF pr esent addit ional pr opert ies, such as ant imicrobial pr opert ies, compar ed to enzymat ic CNF as exposed in t he following part .

Antimicrobial properties of the cationized CNF

Contact bact er icidal act ivity of cat ionized CNF was t est ed using t he AATCC 100 t est met hod as report ed in Fig . 5. The r eference used is enzymat ic commer cial CNF. The ant imicrobial effect is due to t he pr esence of quat ernary a mmonium compounds [START_REF] Roy | Ant ibact er ial Cellulose Fiber via RAFT Surface Graft Pol ymer izat ion[END_REF], which int eract wit h t he negat ivel y charged pol ycat ions of phosphol ipids and prot eins pr esent on t he surface of bact er ial cells.

That is why no influence in t he ant ibact er ial act ivit y was r eport ed bet ween cat ionic fiber and cat ionic CNF. When quat ernary ammonium compounds and t he pol ycat ions int eract , t he cyt oplasmic membrane per meabil it y of the bact er ia is da maged and t her e is some l oss of cyt opl asmic const it uent s.

This l oss causes t he bact er ia death [START_REF] Denyer | Mechanisms of act ion of ant ibacter ial biocides[END_REF][START_REF] Roy | Ant ibact er ial Cellulose Fiber via RAFT Surface Graft Pol ymer izat ion[END_REF].

The ant ibact er ial effect of the pr oduced cat ionic cellulose was t est ed against Gram negat ive E.coli and Gram posit ive S.aureus bact er ia . Enzymat ic CNF pr esent a bact er ial growth of 7.4 CFU/mL when fil ms wer e put in contact wit h S.aureus and have no bact er icidal effect . As expect ed, no contact ant ibact er ial effect was r eport ed for Gram negat ive E.coli bact er ia (r esult s not shown) wher eas bact er iostat ic effect was r eport ed for Gram posit ive bact er ia as shown in Fig . 5. Indeed, quat ernary ammonium is l ess effect ive against Gram negat ive bact er ia [START_REF] Sun | Pr eparat ion, charact er izat ion and ant imicrobial act ivit y of quat ernized carboxymet hyl chit osan and a ppl icat ion as pul p-ca p[END_REF] Finally, chemical pr etreatment of cellulose fiber s and mechanical pr ocesses used for the nanofibr illat ion al ways l ead t o some cellulose degradat ion. The impact of cat ionizat ion on t he f iber s is evaluat ed in t he following part .

Cellulose degradation caused by the cationization and the TSE

Ther mal degradat ion and degr ee of pol ymer izat ion of cellulose of cat ionic CNF wer e measur ed in order t o evaluat e t he cellulose degradat ion dur ing t he cat ionizat ion st ep and ar e present ed in Fig . 6 and

Ta bl e 1. Cat ionic CNF pr esent sl ightly l ower degradat ion t emperature (-35°C) t han enzymat ic CNF as report ed in t he l it erature [START_REF] Sehaqui | Cat ionic cellulose nanofibers from wast e pul p r esidues and t heir nitrat e, fl uor ide, sul phat e and phosphat e adsor pt ion pr opert ies[END_REF][START_REF] Yan | Synt hesis and Fl occulat ion Behavior of Cat ionic Cellulose Pr epar ed in a Na OH/Ur ea Aqueous Sol ut ion[END_REF][START_REF] Zhang | Pr epar ing cat ionic cotton l int er cellulose wit h high subst it ut ion degr ee by ultrasonic tr eat ment[END_REF], meaning t hat cat ionizat ion decr eases t he ther mal stabil it y of modified cellulose. The degradat ion t emperatur es wer e evaluat ed using t he der ivat ive weight evolut ion in funct ion of t he t emperature r ecorded dur ing t he analysis. However , t he change in t he degradat ion pr ofil es bet ween cat ionic and enzymat ic pul ps can al so be due t o t he pot ent ial degradat ion of t he a mmonium groups pr esent on cat ionic fiber s or due t o the differ ence in cr ystall izat ion degr ees or fiber mor phologies [START_REF] Zhang | Pr epar ing cat ionic cotton l int er cellulose wit h high subst it ut ion degr ee by ultrasonic tr eat ment[END_REF]. However , t he met hod used to calculat e t he cellulose DP is dedicat ed t o pur e cellulose and pa per pul ps.

Result s should be taken wit h caut ion insofar as cellulose fiber s ar e chemically modified. Cellulose DP is well -known t o decr ease due t o mechanical treat ment [START_REF] Ho | Nanofibr illat ion of pul p fiber s by t win-scr ew extrusion[END_REF]Iwa moto et al ., 2007) and chemical treat ment s (Henriksson et al ., 2007;[START_REF] Isoga I | TEMPO-oxidized cellulose nanofiber s[END_REF][START_REF] Shinoda | Relat ionship bet ween Length and Degr ee of Pol ymer izat ion of TEMPO-Oxidized Cellulose Nanofibr il s[END_REF]. Wher eas enzymat ic pr etreat ment decreases t he cellulose DP fr om 1,200 t o 600 due t o enzymes which attack t he amor phous doma in, cat ionizat ion sl ightly decr eases t he cellulose DP fr om 1,200 t o 1,130. However , Pei et al . [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF] report ed t hat cat ionizat ion al so attacks t he a mor phous doma ins of cellulose fiber s r esult ing somet imes in t heir dissol ut ion. Her e cellulose DP is not affect ed too much maybe due to a het erogeneous modificat ion and t he pr esence of non-modified fiber s or a non-fully ada pt ed measur ement met hod.

TSE as ot her mechanical processes decr eases t he cellulose DP of CNF and convent ional cellulose

DPs wer e obtained for enzymat ic CNF [START_REF] Henr Iksson | An environmentally fr iendly met hod for enzyme-assist ed pr eparat ion of micr ofibr illated cellulose (MFC) nanofiber s[END_REF][START_REF] Rol | Pil ot scal e t win scr ew extrusion and chemical pr etreat ment as an energy efficient met hod for t he product ion of nanofibr illated cellulose at high sol id cont ent[END_REF] wher eas cat ionic CNF pr esent s r eally high cellulose DP, which can be easil y explained by t he pr esence of r esidual fiber s which over est imat e the viscosit y.

Cat ionizat ion such as ot her chemical pr etreat ment s l eads t o small decr ease in t he t her mal stabil i ty of t he cellulose and no change in t he crystall init y index was r eport ed in t he l it eratur e [START_REF] Pei | Surface quat ernized cellulose nanofibr il s wit h high wat er absor bency and adsor pt ion ca pacit y for anionic dyes[END_REF][START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF]. Degree of pol ymer izat ion of cellulose of CNF is nor mally decr eased for a homogeneous modificat ion of cellulose fiber s but is sl ightly affect ed her e.

Conclusion

Cat ionic CNF ar e pr omising but t heir use at industrial scal e is compr omised due t o t he lack of homogeneit y and r epr oducibil it y of such chemical modificat ion. In t his st udy, cellulose fiber s cat ionizat ion and TSE were t hen combined t o pr oduce high qual i t y CNF, decr easing t he energy consumpt ion and t he number of passes t hrough t he TSE compar ed t o enzymatic CNF. High sol id cont ent (17 wt %) cat ionic CNF wit h a DS of 0.31 wer e hence pr oduced for the fir st t ime and an energy consumpt ion decr ease of 30% was r eport ed aft er 7 passes compar ed to t he pr oduct ion of enzymat ic CNF. Unfortunately, t he cat ionizat ion does not allow r educing t he number of passes nor incr eases t he qual i t y of pr oduced CNF, due t o t he heterogeneous chemical modificat ion of fiber s and their sl ipping int o t he TSE. However , cat ionic CNF wit h high transpar ency and high Young's modulus wer e pr oduced in one TSE pass, consuming 1,100 kWh/t as t otal energy. Moreover , t hanks t o t he pr esence of quat ernary ammonium, modified CNF pr esent bact er iostat ic pr opert ies against Gram posit ive bact er ia and can be used t o l imit t he bact er ia prol iferat ion in var ious a ppl icat ions such as food packaging or medicine.
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 2 Fig. 2. Ener gy consumpt ion and saving for t he nanofibr illat ion of cat ionic cellulose inst ead of enzymat ic hydrolyzed fibers by TSE

Fig. 3 .

 3 Fig. 3. Mor phol ogy of pr oduced CNF by TSE observed using opt ical micr oscopy and AFM

Fig. 4 .

 4 Fig. 4. Evaluat ion of t he transpar ency of fil ms of cat ionic and enzymat ic CNF pr oduced via differ ent number of passes t hrough t he TSE

Fig. 5 .

 5 Fig. 5. Evaluat ion of ant imicrobial pr opert ies of cat ionic cellulose fiber s and nanofiber s aga inst Gra m posit ive S.aureus bacter ia

Fig. 6 .

 6 Fig. 6. St udy of t he cellulose f iber s degradat ion by t he cat ionizat ion: effect on t hermal stabil it y

  Aft er 24h of incubat ion at 37°C, 50 mL of neutral izing solut ion were used t o extract t he bact er ia and t hey wer e pl at ed on nutr ient agar using pour plat e met hod. Finally, bact er ia wer e

	"# * = 0.3 x 1 -0.03 x 2 -0.072 x 3 ² + 2.54 x 3 -5.34 l n(x 4 ) + 58.62
	wher e x 1 = nanosized fract ion [%]; x 2 = t ur bidit y [NTU]; x 3 = Young's modulus [GPa ]; x 4 = macro size
	[µm²] measur ed using Image J soft ware and opt ical microscopy images.
	Thermogravimetric analysis. 15 mg of modified CNF wer e placed in a t her mogravimetr ic analyzer
	(TA Instrument Q500), heat ed from 30˚C t o 600°C wit h a heat ing rat e of 10˚C.min -1 under O 2
	at mospher e and finally pyrolyzed from 600°C t o 900°C at 50 °C.min -1 . The a pparatus r ecorded t he
	mass l oss as a funct ion of t emperature. Du pl icat e wer e per for med.

Quality index. Cat ionized CNF qual it y was evaluat ed using t he simpl ified qual it y index (QI*) devel oped by

Desmaisons et al . (Desma isons et al ., 2017)

, which involves four charact er izat ions techniques and which is calculat ed as bel ow:

Antimicrobial properties. Ant ibact er ial act ivit y against S. aureus and E. coli was t est ed using t he AATCC 100-1998 Test Met hod under stat ic condit ions. Quant itat ive assessment of t he ant ibact er ial act ivit y was measur ed. 200 µL of inoculum was placed on each fil m sa mpl e surface (50 mg ) (modified or not ).

(

  [START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF]. Finally, cat ionizat ion and t win-scr ew extrusion (TSE) were combined t o try t o decr ease t he energy consumpt ion pr eserving t he high qual i t y of cat ionic CNF pr oduced wit h tradit ional mechanical pr ocesses. Degr ee of subst itut ion (DS) of modified cellulose fiber s was measur ed by conduct imetr ic t itrat ion and equal t o 0.31 ± 0.08. Due t o t he high quant ity of cellulose mat er ial s r equir ed by t he extruder , four differ ent batches of cellulose cat ionizat ion wer e done and t wo batches wit h a ppr oximat ivel y t he sa me DS wer e mixed and passed t hrough t he TSE. High DS wer e obtained[START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] but poor r epeatabil it y was observed compar ing t he four batches. Many paramet er s infl uence t he r eact ion and make it difficult t o r epr oduce. However , t he sa me Na OH and EPTMAC charges and t he sa me t ime and t emperature wer e used, meaning t hat t he ma in pr obl em r esides in t he st irr ing homogeneit y of t he high quant i t y of cellulose fiber s r equir ed for the nanofibr illat ion st ep using TSE, (i.e. about 200 g dry). Ho mogenizat ion of such a quant ity by using t he classic plast ic bag r eactor at this concentrat ion is compl icat ed and l eads t o het erogeneit y in t he surface modificat ion.

  Despit e t hese r esidual fibers, nanometr ic fiber s ar e al so observed by AFM for each suspension aft er 1 or 7 passes. Aggl omerat es and bigger nanofiber s were observed for t he fir st passes, confir ming t he efficient nanofibr illat ion with t he number of passes t hrough t he TSE. Size measurement is compl icated

on t hose images due t o t he agglomerat ion and entanglement s but an average diamet er of 65 ± 30 nm was measur ed for bot h pr etreat ment s aft er 1 pass. The high standard deviat ion confir ms t he het erogeneit y of t he suspensions. Nanofiber s of differ ent sizes ar e al so observed aft er 7 passes: width of 52 ± 21 and 43 ± 20 nm ar e measur ed for enzymat ic CNF and cat ionic CNF r espect ively, confir ming t hat chemical modificat ion of fiber s surface l eads t o sl ightly small er CNF. Indeed, according t o t he l it erature, most of t he t ime, charged CNF such as TEMPO-oxidized or cat ionic, contain small er and mor e homogeneous nanofiber s than enzymat ic CNF

[START_REF] Liimatainen | Sul fonat ed cellulose nanofibr il s obtained from wood pul p t hrough r egioselect ive oxidat ive bisulfit e pre-treat ment[END_REF][START_REF] Nechyporchuk | Mor phological pr opert ies of nanofibr illated cellulose pr oduced using wet gr inding as an ult imate fibr illat ion pr ocess[END_REF][START_REF] Ol Szewska | The behaviour of cat ionic NanoFibr illar Cellulose in aqueous media[END_REF][START_REF] Sa It O | Introduct ion of aldehyde groups on surfaces of nat ive cellulose fiber s by TEMPO-mediat ed oxidat ion[END_REF][START_REF] Sir Viö | Deep eut ect ic solvent syst em based on chol ine chlor ide-ur ea as a pr e-tr eatment for nanofibr illat ion of wood cellulose[END_REF]

.

3 Quality of the functionalized CNF produced by TSE Charact

  for car boxymet hylat ed CNF obtained wit h a homogenizer which means t hat t he suspensions qual it y is pr etty good.Cat ionic CNF suspensions ar e composed of a mix of big intact r esidual fiber s, nanofibr il s aggr egat es and very small individual nanofiber s, smaller t han enzymat ic CNF after 7 passes. Due t o the sl ipping effect in t he TSE, no evolut ion in t he suspension mor phology is cl early observed wit h t he number of passes for t his modified pul p. This can expr ess a non-nanofibr illat ion or mer ely t hat the residual fiber s influence t oo much t he charact er izat ion t echniques. Fr om a mor phological point of view, cat ionizat ion does not allow r educing t he number of passes t hrough the TSE compar ed t o enzymat ic pul p or t o r each higher qual i t y. Ot her s charact er ist ics t han mor phological one will now be er izing CNF and evaluat ing t heir qual i t y is st ill challenging t oday[START_REF] Fost Er | Curr ent charact er izat ion met hods for cellulose nanomat er ials[END_REF] 

	test ed.
	3.1.
	The measur e of t he nanosized fract ion, detail ed in Mat er ial s and met hods, of t he CNF suspensions
	is t he last met hod used t o evaluat e t he CNF suspension composit ion mor phology. Result s ar e r eported
	in Tabl e 1 but due t o high standard deviat ion, comparisons ar e difficult . Nanosized fract ion incr eases
	wit h t he efficient nanofibr illat ion of t he enzymat ic pul p passed from 1 t o 7 t imes t hrough t he TSE.
	Once again, no evolut ion is r eport ed for t he cat ionic pul p which can be easily explained by t he
	pr esence of r esidual fiber s which settle down dur ing t he centr ifugat ion st ep or by t he absence of

Opt ical t echniques ar e a good way t o visual ize t he suspensions mor phologies but t hey ar e not repr esentat ives of t he t otal suspension. This is why addit ional t echniques wer e used.

Tur bidit y of CNF suspensions was al so used t o charact er ize CNF mor phology and r esults ar e report ed in Tabl e 1. Cat ionic CNF suspensions pr esent much small er t ur bidit y than enzymat ic CNF ones, what ever t he number of passes, confir ming t he smaller size of individual cat ionic CNF and /or the higher disper sion due to t he r epul sion wit h posit ive charges. Passing 1 t ime t he cat ionic pul p through t he TSE l eads t o CNF wit h l ower t ur bidit y t han aft er 7 passes for enzymat ic pul p, confir ming the efficiency of cat ionizat ion t o decr ease t he number of passes t hrough t he TSE. However , contrary to enzymat ic fiber s, no evolut ion was r eport ed wit h the number of passes t hrough t he TSE for the cat ionic fiber s, meaning t hat no mor e nanofibr illat ion occur s aft er t he fir st pass, due t o t he sl ipping effect . Finally, r eport ed data ar e in agr eement wit h t he l i t erature : 242 NTU for enzymat ic CNF tr eat ed via an ultra-fine gr inder

[START_REF] Desma Isons | A new qual i t y index for benchmarking of differ ent cellulose nanofibr il s[END_REF] 

and 19.8 NTU for TEMPO-oxidized CNF via a homogenizer

[START_REF] Moser | Toward Industr ially Feasibl e Met hods for Following t he Pr ocess of Manufactur ing Cellulose Nanofiber s[END_REF] 

have been r eport ed. efficient nanofibr illat ion. Aft er 7 passes for t he cat ionic pul p, t he nanosized fract ion obtained is closed to t he one of t he enzymat ic CNF suspension obtained aft er one pass. Cat ionizat ion does not hel p t o reduce t he number of passes. However , Nader i et al .

[START_REF] Nader I | Repeat ed homogenizat ion, a r oute for decr easing t he energy consumpt ion in t he manufactur ing pr ocess of car boxymet hylat ed nanofibr illated cellulose?[END_REF] 

r eported similar nanosized fract ion

Table 1 .

 1 Evaluat ion of CNF qual it y using t he simpl ified qual i t y index

	and 15.1 (Henr iksson

  and higher DS ar e requir ed t o kill t his t ype of bact er ia[START_REF] Ladhar I | Ant ibact er ial act ivit y of quat ernary a mmonium salt graft ed cotton[END_REF]. Sa ini et al .[START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] al so r eport ed a growth of t hr ee l ogs whatever t he DS of t he cat ionic CNF. To conclude, higher DS ar e r equir ed t o have a mor e significant impact on t he ant imicrobial pr opert ies[START_REF] Sa Ini | Surface cat ionized cellulose nanofibr il s for the pr oduct ion of contact act ive ant imicrobial surfaces[END_REF] but for now pr oduced cat ionic CNF can be used in pr event ing some bact er ia pr ol iferat ion.
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