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[bookmark: _Toc76115076]SI.1. Basic information for four typical kaihua handmade papers
Table S1. Description of four typical Kaihua handmade papers
	Sample
	1
	2
	3
	4

	Raw Material
	Wikstroemia monnula-A
	Green wingceltis
	Wikstroemia monnula/Green wingceltis
	Wikstroemia monnula-B

	Grammage（g/m2）
	21.09
	23.81
	25.24
	3.25

	Thickness（μm）
	52.95
	53.38
	65.67
	20.08

	Density （g/cm3）
	0.38
	0.45
	0.38
	0.16

	Whiteness（%）
	67.41
	74.45
	71.48
	41.63

	Content of cellulose （%）
	56.1
	67.6
	48.8
	50.2

	Content of lignin（%）
	10.43
	7.6
	13.04
	15.15

	pH
	6.86
	6.87
	6.92
	7.02

	
color
	L
	89.18
	91.42
	90.62
	79.11

	
	a
	-0.47
	-0.13
	-0.03
	1.72

	
	b
	7.56
	3.94
	5.65
	15.65

	Folding endurance
	498.67
	33.67
	9
	-

	Tear index (mN·m2/g)
	       22.47		
	12.12
	17.29
	15.34

	Degree of polymerization
	1205.0
	446.9
	511.1
	1392.


[image: ]
Fig. S1. Microscopic images of four typical handmade papers
[bookmark: _Toc76115077]SI.2. The change of FTIR spectra of four handmade papers in DH and WH condition
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Fig. S2. Time-dependent FTIR spectra of four handmade papers in DH and WH conditions.
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[bookmark: _Toc76115078]SI.3. The content of carboxyl group and reducing carbonyl group 
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Fig. S3. Carboxyl group (a, b) and carbonyl group content (c, d) of four typical handmade papers at various aging days in DH and WH condition.

      The content of reducing carbonyl group was determined according to the method proposed by Szabolcs and Matija (Kocar et al. 2004). Specifically, 2-10 mg sample was added into 0.5 mL of 0.5% TTC solution and 0.5 mL of 0.5 mol L−1 KOH. The reaction mixture was heated in a water bath at 80℃ for 6 min in an open 10 mL tube. The 9 ml methanol was added after reaction suspension immediate cooling to room temperature. Ultimately, the absorbance was measured at 482 nm by a UV spectrophotometer (UV-1800, Shimadzu Corp). Glucose was used as the standard for the construction of the calibration curve and all results were an average of three determination. Carboxylic acid group content was measured by using conductometric titration methodology. Air dry fibers equivalent to 150 mg of oven dry fibers were added to 50 mL H2O and 5 ml 0.01 M NaCl and stirred for one hour. Finally, the pulp was treated with 0.1 M HCl solution to adjust pH 2.5 and tested.
[bookmark: _Toc76115079]SI.4. The Crystal-amorphous structure of four handmade papers in DH and WH aging process
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Fig. S4. The crystallinity (a), crystal size (b) and d-spacing (c) of four typical handmade papers at various aging days in DH and WH condition.

The crystallinity, crystal size and d-spacing were determined x-ray diffractometer (D8 Advance, Bruker). The crystalline index, crystal size and d-spacing of samples was calculated through the peak area method (Toba et al. 2013) 
Cr= (Eq. 1)
Ic is the area derived from the peak of crystalline region and Ia is the area derived from amorphous region.
The size of cellulose crystal was calculated via Scherrer equation:
D200=    (Eq. 2)
Where D200 is crystal size (nm) in the direction of (200) plane, k is the Scherrer constant (0.94) of cellulose,  is the X-ray wavelength (0.1542) nm,  is half bandwidth of (200) diffraction peak in radians and  is the Bragg angle (°) for (200) plane.
Interplanar crystal spacing d was obtained by Bragg equation: d=  (Eq. 3)
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	Table S2a The content of different hydrogen bond form obtained by FTIR Gaussian fitting in DH aging condition

	






 1#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3458.5
	13.734
	2.7978
	3315.9
	23.961
	2.7658
	3167.1
	34.633
	2.7322

	
	1
	3458
	13.770
	2.7979
	3316.2
	23.940
	2.7659
	3165.7
	34.734
	2.7319

	
	3
	3458.3
	13.748
	2.7980
	3316.6
	23.911
	2.7660
	3166.6
	34.669
	2.7321

	
	5
	3454.9
	13.992
	2.7972
	3315.6
	23.983
	2.7658
	3167.2
	34.626
	2.7323

	
	7
	3458.6
	13.727
	2.7980
	3316.1
	23.947
	2.7659
	3166.1
	34.705
	2.7320

	
	14
	3459.2
	13.684
	2.7982
	3316
	23.954
	2.7658
	3166.4
	34.884
	2.7321

	
	21
	3457.1
	13.834
	2.7977
	3315
	24.026
	2.7656
	3165.2
	34.770
	2.7318

	
	28
	3450.7
	14.294
	2.7962
	3311
	24.313
	2.7647
	3161.4
	35.042
	2.7309

	
	42
	3454.2
	14.043
	2.7971
	3313.4
	24.142
	2.7653
	3163.9
	34.863
	2.7315

	
	56
	3453.9
	14.064
	2.7970
	3313.3
	24.148
	2.7652
	3163.7
	34.877
	2.7315

	
	70
	3455.6
	13.942
	2.7974
	3314.5
	24.062
	2.7655
	3165
	34.784
	2.7318

	






 2#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3465.3
	13.246
	2.7996
	3316.1
	23.948
	2.7659
	3162.7
	34.949
	2.7312

	
	1
	3461.9
	13.490
	2.7988
	3313.2
	24.155
	2.7653
	3160
	35.143
	2.7306

	
	3
	3460.9
	13.562
	2.7986
	3311.2
	24.299
	2.7648
	3157.5
	35.322
	2.7301

	
	5
	3459.8
	13.641
	2.7984
	3311.8
	24.256
	2.7649
	3158.3
	35.265
	2.7303

	
	7
	3462
	13.483
	2.7988
	3312.2
	24.227
	2.7650
	3158.5
	35.251
	2.7303

	
	14
	3457.8
	13.784
	2.7979
	3309.7
	24.407
	2.7645
	3154.7
	35.523
	2.7295

	
	21
	3454.8
	14.000
	2.7972
	3307.2
	24.586
	2.7639
	3153.5
	35.609
	2.7292

	
	28
	3458
	13.770
	2.7979
	3311
	24.313
	2.7648
	3159
	35.214
	2.7304

	
	42
	3460
	13.627
	2.7984
	3313
	24.169
	2.7652
	3159
	35.215
	2.7304

	
	56
	3461
	13.555
	2.7986
	3313
	24.169
	2.7652
	3159
	35.215
	2.7304

	
	70
	3458.5
	13.734
	2.7980
	3310.9
	24.320
	2.7647
	3157
	35.358
	2.7300

	






3#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3466.8
	13.139
	2.7999
	3314.9
	24.033
	2.7656
	3163.1
	34.920
	2.7313

	
	1
	3462.1
	13.476
	2.7988
	3311.1
	24.307
	2.7647
	3159.1
	35.207
	2.7304

	
	3
	3464
	13.340
	2.7993
	3314.2
	24.084
	2.7654
	3162.9
	34.935
	2.7313

	
	5
	3457.5
	13.806
	2.7978
	3309.3
	24.435
	2.7643
	3159.2
	35.200
	2.7304

	
	7
	3462
	13.483
	2.7988
	3314
	24.098
	2.7654
	3161.7
	35.021
	2.7310

	
	14
	3458.4
	13.741
	2.7980
	3310.5
	24.349
	2.7646
	3159.8
	35.157
	2.7306

	
	21
	3457.5
	13.806
	2.7978
	3310.9
	24.320
	2.7647
	3159.3
	35.193
	2.7305

	
	28
	3459
	13.698
	2.7981
	3312
	24.241
	2.7649
	3160
	35.143
	2.7306

	
	42
	3458.1
	13.763
	2.7979
	3311.2
	24.298
	2.7648
	3160.6
	35.100
	2.7308

	
	56
	3459
	13.698
	2.7981
	3312
	24.241
	2.7649
	3162
	34.999
	2.7311

	
	70
	3458
	13.770
	2.7979
	3312
	24.241
	2.7649
	3161
	35.071
	2.730903

	
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3476.8
	12.422
	2.8021
	3325.4
	23.281
	2.7680
	3171.3
	34.332
	2.7332

	
	1
	3474.8
	12.565
	2.8017
	3323.4
	23.423
	2.7675
	3169.9
	34.433
	2.7329

	
	3
	3475.2
	12.536
	2.8018
	3323.7
	23.402
	2.7676
	3169.5
	34.462
	2.7328

	 4#
	5
	3476.9
	12.414
	2.8022
	3324.8
	23.323
	2.7678
	3170
	34.425
	2.7330

	
	7
	3474.3
	12.601
	2.8016
	3323.5
	23.416
	2.7675
	3170.1
	34.418
	2.7329

	
	14
	3474.7
	12.572
	2.8017
	3324.7
	23.330
	2.7678
	3169.3
	34.476
	2.7327

	
	21
	3476.6
	12.436
	2.8021
	3326.8
	23.180
	2.7683
	3173.3
	34.189
	2.7336

	
	28
	3473.6
	12.651
	2.8014
	3322.2
	23.510
	2.7672
	3167.7
	34.591
	2.7324

	
	42
	3474
	12.622
	2.8015
	3323.8
	23.395
	2.7676
	3169.5
	34.462
	2.7328

	
	56
	3473.7
	12.644
	2.8014
	3321.2
	23.581
	2.7670
	3164.9
	34.792
	2.7317

	
	70
	3473
	12.694
	2.8013
	3321.9
	23.531
	2.7672
	3167.4
	34.612
	2.7323





[bookmark: _GoBack]
	Table S2b The content of different hydrogen bond form obtained by FTIR Gaussian fitting in WH aging condition

	






 1#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3462.6
	13.440
	2.7989
	3316.9
	23.890
	2.7660
	3160.7
	35.092
	2.7308

	
	1
	3463.9
	13.347
	2.7992
	3317.5
	23.847
	2.7663
	3162.7
	34.949
	2.7312

	
	3
	3461.6
	13.512
	2.7987
	3314.9
	24.033
	2.7656
	3160.9
	35.078
	2.7308

	
	5
	3463
	13.411
	2.7990
	3317.7
	23.832
	2.7662
	3164.8
	34.798
	2.7317

	
	7
	3463
	13.411
	2.7990
	3318.6
	23.768
	2.7664
	3165.9
	34.719
	2.7320

	
	14
	3461.7
	13.504
	2.7987
	3316.5
	23.918
	2.7660
	3163.9
	34.863
	2.7315

	
	21
	3461.7
	13.504
	2.7987
	3316.4
	23.926
	2.7659
	3163.7
	34.877
	2.7315

	
	28
	3463.7
	13.361
	2.7992
	3318
	23.811
	2.7663
	3164
	34.856
	2.7316

	
	42
	3463
	13.411
	2.7990
	3318
	23.811
	2.7663
	3165
	34.784
	2.7318

	
	56
	3463
	13.411
	2.7990
	3318
	23.811
	2.7663
	3166
	34.712
	2.7320

	
	70
	3463.5
	13.375
	2.7992
	3318.5
	23.775
	2.7664
	3166
	34.713
	2.7320

	






 2#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	[bookmark: _Hlk68778940]
	0
	3460.6
	13.583
	2.7985
	3311.1
	24.306
	2.7647
	3155.5
	35.465
	2.7296

	
	1
	3457
	13.842
	2.7977
	3310.2
	24.371
	2.7645
	3157.4
	35.329
	2.7300

	
	3
	3457.4
	13.813
	2.7978
	3308.8
	24.471
	2.7642
	3156.6
	35.386
	2.7299

	
	5
	3461.5
	13.519
	2.7987
	3312.2
	24.227
	2.7650
	3158.4
	35.257
	2.7303

	
	7
	3457.3
	13.820
	2.7977
	3310.1
	24.377
	2.7645
	3159.4
	35.186
	2.7305

	
	14
	3457.5
	13.806
	2.7978
	3310.9
	24.320
	2.7647
	3160.4
	35.114
	2.7307

	
	21
	3457.5
	13.806
	2.7978
	3309.3
	24.435
	2.7643
	3158.2
	35.272
	2.7302

	
	28
	3457.2
	13.827
	2.7977
	3310.2
	24.371
	2.7645
	3160.4
	35.114
	2.7307

	
	42
	3461.9
	13.491
	2.7988
	3312.4
	24.213
	2.7650
	3159.2
	35.200
	2.7304

	
	56
	3457.1
	13.835
	2.7977
	3310.5
	24.349
	2.7646
	3158.9
	35.221
	2.7304

	
	70
	3459
	13.699
	2.7981
	3313.1
	24.162
	2.7652
	3160.6
	35.100
	2.7308

	






3#
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3461.7
	13.505
	2.7987
	3315.3
	24.004
	2.7657
	3166.8
	34.655
	2.7322

	
	1
	3461.7
	13.505
	2.7987
	3315.3
	24.004
	2.7657
	3167.8
	34.583
	2.7324

	
	3
	3456.1
	13.907
	2.7975
	3315.9
	23.961
	2.7658
	3175
	34.067
	2.7340

	
	5
	3461
	13.555
	2.7986
	3315.7
	23.976
	2.7658
	3164.1
	34.849
	2.7316

	
	7
	3455.7
	13.935
	2.7974
	3315.4
	23.997
	2.7657
	3276.5
	26.787
	2.7569

	
	14
	3456.4
	13.885
	2.7975
	3314.9
	24.033
	2.7656
	3174.3
	34.117
	2.7339

	
	21
	3454.6
	14.014
	2.7971
	3312.7
	24.191
	2.76514
	3172.4
	34.253
	2.7334

	
	28
	3454.5
	14.021
	2.7971
	3312.6
	24.198
	2.76512
	3170.1
	34.418
	2.7329

	
	42
	3462
	13.483
	2.7988
	3314.3
	24.076
	2.7655
	3175.8
	34.009
	2.7342

	
	56
	3462
	13.483
	2.7988
	3313.5
	24.133
	2.7653
	3169.7
	34.447
	2.7328

	
	70
	3461.5
	13.519
	2.7987
	3314.6
	24.055
	2.7655
	3171.6
	34.311
	2.7332

	
	Aging days
	Wave number of peak 1 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 2 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)
	Wave number of peak 3 (cm-1)
	Hydrogen bond energy
(kJ/mol)
	Hydrogen bond distance
(Å)

	
	0
	3470.7
	12.859
	2.8008
	3322.6
	23.481
	2.7673
	3168.3
	34.547
	2.7325

	
	1
	3466.7
	13.146
	2.7999
	3320.4
	23.639
	2.7668
	3168.4
	34.540
	2.7325

	
	3
	3467.5
	13.089
	2.8001
	3320.1
	23.660
	2.7668
	3168.6
	34.526
	2.7326

	4#
	5
	3470.3
	12.888
	2.8007
	3323.2
	23.438
	2.7675
	3171.6
	34.311
	2.7332

	
	7
	3471.5
	12.802
	2.8009
	3323.7
	23.402
	2.7676
	3170.6
	34.382
	2.7330

	
	14
	3470.4
	12.881
	2.8007
	3322.9
	23.459
	2.7674
	3169.7
	34.447
	2.7328

	
	21
	3466.2
	13.182
	2.7997
	3320.3
	23.646
	2.7668
	3167.3
	34.619
	2.7323

	
	28
	3465.2
	13.253
	2.7995
	3320.8
	23.610
	2.7669
	3168.4
	34.540
	2.7325

	
	42
	3464.5
	13.304
	2.7994
	3317.6
	23.839
	2.7662
	3164.4
	34.827
	2.7316

	
	56
	3466.9
	13.132
	2.7999
	3316.1
	23.947
	2.7659
	3164.7
	34.806
	2.7317

	
	70
	3469
	12.981
	2.8004
	3322
	23.524
	2.7672
	3170
	34.426
	2.7329



	


We obtained energy and distance of hydrogen bond in DH (Table S2a) and in WH (Table S2b) condition. The hydrogen bonds peaks were obtained by deconvolution and peak-fitting from FTIR spectrum. Specifically, the hydrogen bond energy was calculated using following equation (PimentelSederholm 1956; Yuan et al. 2013):
   (Eq. 4)                                                     
V0 - the frequency of standard free hydroxyl group（3650 cm-1）；
V- the frequency of the hydroxyl group calculated in the sample (cm-1)    
K - constant（3.82×103 Kj-1）
The hydrogen bond distance D was calculated using the Sederholm equation:
△v (cm-1) = 4.43×103 (2.82-D)  (Eq. 5)
△v=v0-v
v0 - the stretching vibration frequency of single hydroxyl group（3600 cm-1）
v - the frequency of the hydroxyl group calculated in the sample（cm-1）

11

[bookmark: _Toc76115081]SI.6 The change of DP of four handmade papers in DH and WH aging process  
[image: ]
Fig. S5. The DP values of various aging time for four handmade papers in DH (a) and WH (b) condition.
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