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Optimizing preparation of electrospun phase change and humidity storage fibers
based on uniform design
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Abstract: Phase change and humidity storage fibers was prepared with cellulose acetate as coating materials,
polyethylene glycol 800 as phase change materials, N,N-dimethylacetamide and acetone as solvent by
electrospinning method. The effects of every factor on comprehensive thermal and humidity properties of electrospun
phase change and humidity storage fibers were studied based on uniform design and multivariate nonlinear regression.
The results showed that primary and secondary sequence of factors on comprehensive thermal and humidity
properties were content of polyethylene glycol 800>content of N,N-dimethylacetamide>content of cellulose
acetate>reaction temperature>drying temperature. The optimization program were mass ratios of
N,N-dimethylacetamide to acetone of 0.226, cellulose acetate to acetone of 0.1392 and polyethylene glycol 800 to
acetone of 0.1624, reaction temperature 37.8°C and drying temperature 60.4°C.
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Table 1 Uniform design scheme of preparation of electrospun phase change and humidity storage fibers

Factor

Mass ratio of

Mass ratio of

Sample  Mass ratio of N,N-dimethylacetamide cellulose acetate to polyethylene glycol 800 Reaction tewm perature, Drying temperature, E/'C
to acetone, A D/'C
acetone, B to acetone, C
1 0.1 0.1 0.12 35 80
2 0.2 0.12 0.12 40 60
3 0.3 0.12 0.12 45 80
4 0.4 0.14 0.14 30 60
5 0.1 0.16 0.14 40 80
6 0.2 0.16 0.14 45 60
7 0.3 0.10 0.16 30 90
8 04 0.10 0.16 35 70
9 0.1 0.12 0.16 45 90
10 0.2 0.14 0.18 30 70
11 0.3 0.14 0.18 35 90
12 0.4 0.16 0.18 40 70
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Table 2 Equilibrium moisture content of electrospun phase change and humidity storage fibers

Equilibrium moisture content/(g/g)

Relative humidity/% Sample 1 Sample 2 Sample 3 Sample 4
Absorption  Desorption  Absorption  Desorption  Absorption  Desorption  Absorption  Desorption
35 0.0266 0.0271 0.0267 0.0274 0.0268 0.0274 0.0292 0.0296
45 0.0598 0.0630 0.0593 0.0629 0.0418 0.0440 0.0579 0.0594
55 0.1351 0.1639 0.1231 0.1545 0.0901 0.1143 0.1119 0.1389
65 0.1396 0.1949 0.1254 0.1842 0.0945 0.1538 0.1500 0.2123
75 0.2236 0.2670 0.2189 0.2684 0.1802 0.2404 0.1911 0.2443
85 0.3989 0.4029 0.3637 0.3691 0.3501 0.3571 0.3105 0.3182
95 0.4672 0.4673 0.4216 0.4219 0.3997 0.4000 0.4241 0.4247
Difference value between RH35% and 0.4406 0.4402 0.3949 0.3945 0.3729 0.3726 0.3949 0.3951
RH95%
Equilibrium moisture content/(g/g)
Relative humidity/% Sample 5 Sample 6 Sample 7 Sample 8
Absorption ~ Desorption ~ Absorption Desorption ~ Absorption Desorption ~ Absorption Desorption
35 0.0198 0.0205 0.0187 0.0192 0.0180 0.0184 0.0162 0.0164
45 0.0391 0.0411 0.0448 0.0490 0.0511 0.0558 0.0432 0.0470
55 0.1096 0.1330 0.0981 0.1242 0.1387 0.1802 0.1407 0.1814
65 0.1296 0.1781 0.1245 0.1834 0.1689 0.2227 0.1433 0.2035
75 0.1709 0.2026 0.1640 0.1962 0.2676 0.3011 0.2569 0.3005
85 0.2578 0.2643 0.2665 0.2724 0.3916 0.4085 0.3757 0.3842
95 0.3797 0.3803 0.3654 0.3657 0.4775 0.4780 0.4685 0.4687
Difference value between RH35% and 0.3599 0.3598 0.3467 0.3465 0.4595 0.4596 0.4523 0.4523
RH95%
Equilibrium moisture content/(g/g)
Relative humidity/% Sample 9 Sample 10 Sample 11 Sample 12
Absorption  Desorption  Absorption  Desorption  Absorption  Desorption  Absorption  Desorption
35 0.0283 0.0290 0.0196 0.0202 0.0195 0.0200 0.0167 0.0169
45 0.0463 0.0512 0.0432 0.0477 0.0449 0.0492 0.0358 0.0387
55 0.1244 0.1595 0.1088 0.1398 0.1023 0.1370 0.0995 0.1307
65 0.1566 0.2293 0.1487 0.2120 0.1522 0.2195 0.1492 0.2031
75 0.2220 0.2634 0.2242 0.2586 0.2219 0.2532 0.2007 0.2349
85 0.3927 0.4063 0.3396 0.3508 0.3367 0.3493 0.2999 0.3130
95 0.5193 0.5195 0.4569 0.4573 0.4510 0.4514 0.4059 0.4063
Difference Va'”;ggtgx/je” RH35% and 0.4910 0.4905 0.4373 0.4371 0.4315 0.4314 0.3892 0.3894

* 3 FHEGLARHEAENATREESHEER

Table 3 Phase change temperature and phase change latent heat of electrospun phase change and humidity storage fibers

Average of phase

Phase transition Phase change

Average of phase

Phase transition Phase change

Sample temperature/'C latent heat/(J/g) Ch;:f; (;Z[;m Sample temperature/'C latent heat/(J/g) Ch;:f; (;:;;z;nt
1 20.96~29.31 37.04~41.03 39.04 7 20.92~28.84 41.79~46.29 44.04
2 21.04~28.79 33.95~37.61 35.78 8 21.05~29.18 39.27~43.50 41.39
3 21.18~28.86 31.74~35.17 33.46 9 21.36~29.35 47.24~52.33 49.79
4 21.35~29.27 33.59~37.16 35.38 10 21.47~29.23 48.25~53.45 50.85
5 21.21~28.95 40.74~45.13 42.94 1 20.83~29.07 45.27~50.15 47.71
6 21.07~29.13 38.03~42.12 40.08 12 21.28~28.96 42.15~46.69 44.42
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F=F1+F,

(1)
X, Fo AARHEE 35%~95% Wit A2 5 i )

&4 BIFEF
Table 4 Target values F

ST T (LA AL T, By I ARAS (G A
—ALALEE).

SRR 4, F A RENER 5, BIEHRECH &I
G ER) F AR &, bR RECH & TN F R0 AR
FE. NERWEH, HERITHERS R BN &5
11 (R=0.9978), F I ZIREAMEIHMCR RIF. & H &
Xt HARME F 2R N C>A>B>D>E.

Sample Equilibrium moisture content of difference value between RH35% and RH95%/(g/g) Phase change latent heat/(J/g) Target value,
P Absorption Desorption Average value F1 Test value Average value F, F
1 0.4406 0.4402 0.4404 0.8973 37.04~41.03 39.04 0.7677 1.6650
2 0.3949 0.3945 0.3947 0.8042 33.95~37.61 35.78 0.7036 1.5078
3 0.3729 0.3726 0.3728 0.7596 31.74~35.17 33.46 0.6580 1.4176
4 0.3949 0.3951 0.3950 0.8048 33.59~37.16 35.38 0.6958 1.5006
5 0.3599 0.3598 0.3599 0.7333 40.74~45.13 42.94 0.8444 1.5777
6 0.3467 0.3465 0.3466 0.7062 38.03~42.12 40.08 0.7882 1.4944
7 0.4595 0.4596 0.4596 0.9364 41.79~46.29 44.04 0.8661 1.8025
8 0.4523 0.4523 0.4523 0.9216 39.27~43.50 41.39 0.8140 1.7356
9 0.4910 0.4905 0.4908 1.0000 47.24~52.33 49.79 0.9792 1.9792
10 0.4373 0.4371 0.4372 0.8908 48.25~53.45 50.85 1.0000 1.8908
11 0.4315 0.4314 0.4315 0.8792 45.27~50.15 47.71 0.9382 1.8174
12 0.3892 0.3894 0.3893 0.7932 42.15~46.69 44.42 0.8735 1.6667
Table 5 i? FI T‘Wa%r;i t for F 33 LR
able orrelation coefficient for
7 _ v32[18,19] sk a7 78 A=
Item Regression coefficient ~ Standardized coefficient R 7K)5H Gauss-Newton ﬁ/i ;‘kﬁ*ﬁ(z)’ r A=0.226,
Constant 1.7590 0.0000 B=0.1392, C=0.1624, D=37.8°C, E=60.4 C I} & ()i
A —0.7054 1.4157 N Y S 8
5 0.0651 07728 HLYT L2 A 2T SR 255 0 TR R BE By, F=1.9879.
c 0.8728 4.7505 K FHAR AR 7 58 Bt ) i HL 275 22 AR AR i 180 41 4 1R R 1 e
D 0.0000 0.0763 N N
e 0.0003 0.0000 0.9978 HMERENLER 6. MRATE I, AT Ay
A 0.0122 0.9864 FHAR i 780 2T 4 AE A RHEEE 35%~95% F (1) T & i & N
B2 -0.0171 0.5810 y N o )
e 00085 6 9362 0.4839~0.4842 glg, HHALIRSE N 21.64~29.13°C, HHALWE
D2 0.0001 0.0066 O 47.35~52.29 g, “VIPAT SRR 0.4841 glg,
E? 0.0000 0.0000

WRIER 5 AR BTG E L YT L2 AL AR IR LT 4
LA WRPERE F I IR RE
F=1.7590-35.27A+3.255B+43.64C+0.0000D+0.0003E+

3.05A%-4.275B2-0.875C?+0.025D2+0.0000E?2.

O]

F1=0.4841/0.4908=0.9863, ¥ZMERE R 4T, “FIIAHARIE:#
~ 49.82 Jlg, F,=49.82/50.85=0.9797, #IERER LS, %%
E IR ERE F=F1+F,=0.9863+0.9797=1.9660, AT
KATMBEMEF, ZAH BEERE. 5XQ)IHEH
(1) H A F=1.9897 [IAHRT IR Z (N N-1.191%, R X

® 6 MALFU TAHIFR R L AT MR A LR REA AT BE
Table 6 Humidity property and thermal property of electrospun phase change and
humidity storage fibers prepared under optimal conditions

Equilibrium moisture content/(g/g)

Relative humidity/% Absorption Desorption Phase transition temperature/C Phase change latent heat/(J/g)
35 0.0262 0.0266
45 0.0438 0.0487
55 0.1232 0.1571
65 0.1542 0.2280
75 0.2201 0.2593 21.64~29.13 47.35~52.29
85 0.3888 0.4025
95 0.5104 0.5105
Difference value between RH35% and RH95% 0.4842 0.4839
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3448.71, 2883.71, 1103.88 F11721.41 cm* i)z H Hi—OH

W 25 41 B IR AL \—CH 3 SOX B A 206 41 21 IR AU U ik ) C—
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Fig.1 FT-IR spectra of cellulose acetate, polyethylene glycol 800 and electrospun phase change and
humidity storage fibers prepared under optimal conditions
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Fig.2 SEM image of electrospun phase change and humidity
storage fibers prepared under optimal conditions
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