High-Performance Sustainable Tissue Paper from Agricultural Residue: A Case Study on Fique Fibers from Colombia
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1. Zero Span Tensile Strength
Figure A 1. Zero span tensile strength (expressed as breaking length) of fique residue and NBSK pup measured at different pulp freeness. Error bars represent one standard deviation.





2. Tensile stiffness of individual pulps
Figure A 2. Tensile stiffness of fique residue bleached pulp and NBSK pulp at different pulp freeness. Tensile stiffness was measured from the stress-strain curve generated during the tensile testing by the Instron. Error bars represent one standard deviation.






3. Surface Smoothness/Roughness (TS750) of Individual Pulps
Figure A 3. Surface smoothness/roughness (TS750) of individual pulps plotted against the tensile index of tissue handsheets. A lower value represents smoother surface. Error bars represent one standard deviation






4. [bookmark: _GoBack]Surface Smoothness/Roughness (TS750) of pulp blends
Figure A 4. Surface smoothness/roughness (TS750) of pulp blends plotted against the tensile index of tissue handsheets. A lower value represents smoother surface. Error bars represent one standard deviation.






Fique Residue (1000 PFI - 635 CSF)	0.33162334283399603	0.55408672399193692	0.66339510696455128	0.69827386308679151	0.8665740228612635	2.2317530970929624	0.33162334283399603	0.55408672399193692	0.66339510696455128	0.69827386308679151	0.8665740228612635	2.2317530970929624	2.0512333374205522	2.149533790186029	1.6784795067397917	2.2030639543240906	2.3337262180054585	5.1711578770028739	2.0512333374205522	2.149533790186029	1.6784795067397917	2.2030639543240906	2.3337262180054585	5.1711578770028739	5.4835792112250461	7.7044106206804299	8.4404520656313498	12.353228484087055	13.762325606911347	32.270868336317783	24.539749999999998	25.475666666666669	27.373999999999999	28.635550000000002	28.759666666666671	31.368299999999998	Fique Residue (2000 PFI - 580 CSF)	0.33162334283399603	0.84641876882267686	0.42993383221672354	0.61467332544700326	0.55647053036328986	1.5281944408469637	0.33162334283399603	0.84641876882267686	0.42993383221672354	0.61467332544700326	0.55647053036328986	1.5281944408469637	2.0512333374205522	2.1758387915858326	2.3402469683192142	2.91786772532615	2.7956973705819417	2.9014876720591305	2.0512333374205522	2.1758387915858326	2.3402469683192142	2.91786772532615	2.7956973705819417	2.9014876720591305	5.4835792112250461	7.303609721554408	9.2696054149175939	15.00567562651891	16.546244698498352	39.941532499270416	24.539749999999998	26.752083333333335	28.399545454545454	33.019062499999997	31.114166666666673	32.419399999999996	NBSK (1000 PFI - 640 CSF)	0.33162334283399603	0.35011436919653555	0.55954881783520583	1.1002042405658616	0.33162334283399603	0.35011436919653555	0.55954881783520583	1.1002042405658616	2.0512333374205522	3.3045548134584664	2.8987026293383962	4.200634747953508	2.0512333374205522	3.3045548134584664	2.8987026293383962	4.200634747953508	5.4835792112250461	10.19350875875014	16.227808145554853	30.308198636530559	24.539749999999998	33.18416666666667	36.749399999999994	35.792999999999999	Tensile Index (N.m/g)


Surface smoothness - TS750  (dB)




Fique Residue Bleached Pulp	3.9342107282886376	2.7426637081093261	3.4935379389416932	3.9342107282886376	2.7426637081093261	3.4935379389416932	0.29433528503476092	0.3998727477668706	0.33561253602196955	0.29433528503476092	0.3998727477668706	0.33561253602196955	703	635	580	9.5757964272701113	10.222769440324898	10.895382782676476	NBSK Market Pulp	4.2448647850487173	0.82681899273935378	3.3592885496278	4.2448647850487173	0.82681899273935378	3.3592885496278	0.4121436684163714	0.35469019630021914	0.47141193292740652	0.4121436684163714	0.35469019630021914	0.47141193292740652	695.90052818500112	645.57644654686669	587.23380415060956	11.255596456778925	13.817388345031288	14.819907401176081	100% BEK	1	1	593.09159610960103	Pulp Freeness (CSF, ml)


Breaking length (km.)




Fique Residue Bleached Pulp	3.9342107282886376	2.7426637081093261	3.4935379389416932	3.9342107282886376	2.7426637081093261	3.4935379389416932	43.000895100761198	55.01451240778804	29.414979073027855	43.000895100761198	55.01451240778804	29.414979073027855	703	635	580	596.96733333333339	793.56466666666665	883.98333333333323	NBSK Market Pulp	4.2448647850487173	0.82681899273935378	3.3592885496278	4.2448647850487173	0.82681899273935378	3.3592885496278	36.483042289535	25.280941837017593	78.312639603067936	36.483042289535	25.280941837017593	78.312639603067936	695.90052818500112	645.57644654686669	587.23380415060956	578.90750000000003	1071.3481666666667	1206.7280000000001	100% BEK	593.09159610960103	345.4881666666667	Pulp freeness (CSF, ml)


Tensile Stiffness  (MPa)




Fique Residue Bleached Pulp	1.1099582273199311	2.2317530970929624	1.5281944408469637	1.1099582273199311	2.2317530970929624	1.5281944408469637	3.3621503788988742	5.1711578770028739	2.9014876720591305	3.3621503788988742	5.1711578770028739	2.9014876720591305	16.401243303096983	32.270868336317783	39.941532499270416	24.402642857142855	31.368299999999998	32.419399999999996	NBSK Market Pulp	0.69935066809326196	1.1002042405658616	1.5947796453136054	0.69935066809326196	1.1002042405658616	1.5947796453136054	3.3378395493406794	4.200634747953508	2.7769053175895553	3.3378395493406794	4.200634747953508	2.7769053175895553	10.386419529736203	30.308198636530559	46.750472174575897	30.14	35.792999999999999	43.25814285714285	100% BEK	5.4835792112250461	24.539749999999998	Tensile index(N.m/g)


Surface smoothness -TS750  (dB)




