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Abstract: Dialdehyde carboxymethyl cellulose (DCMC) modified collagen aerogel was prepared by
freeze-drying method using collagen extracted from tannery solid waste as raw material and DCMC as
macromolecular cross-linking agent. The morphology and structure were characterized by FTIR and SEM.
The results showed that the introduction of DCMC didn't change the triple helix structure of collagen, and
the prepared DCMC modified collagen aerogel had rich porous structure, low density (9.21~10.38 mg/cm?),
high porosity (94.99%~97.05%) and good heat insulation performance. When the DCMC content (based on
the mass of collagen, the same below) was less than 15%, the compression stress of the DCMC modified
collagen aerogel was reinforced positively with the increase of DCMC content. In order to further improve
its thermal insulation performance and durability, DCMC modified collagen aerogel was filled with phase
change material by vacuum impregnation and then hydrophobic treatment for the preparation of DCMC
modified collagen aerogel composite phase change material. The DCMC modified collagen aerogel
composite phase change material had more excellent thermal insulation performance than the DCMC
modified collagen aerogel.
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MR 4 (NaHPO4+12H,0 ). /S/K A BERR — A
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¥ 1.00 g CMC F10.98 g = REN A 7E 100 mL
Lok, H HCLETTH W pH=3, 40 °C Tt
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FHE AN EREAY 0. 5%, 10%F1 20%, Hl4& T
Jd JE B 5% DCMC 2l i i SEE L 10% DCMC
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¥ DCMC B i Jit e i 12 15T 76 4 Al i
PEG4000 Wif&H, 7E 80 °C 1y ELAS MEAH Fh 5 3 h.,
SR 5 FH U8 4R 2 B =00 10 3 TRT A I B a2 2 1 4 22 14
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1.3.10 Byl &,

PR BEAE IR AR L, BT 80 °C (i

TAHASIRRE ) ML 10 min, FA4IRELIELL F TS
A AHAS B L ) T s R 5
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Fig. 1 FTIR spectra of CMC, DCMC, collagen aerogel and
DCMC modified collagen aerogel
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Fig. 2 Effect of DCMC content on density and porosity of
DCMC modified collagen aerogel

2 nT LA, BEAE 3C BRI DCMC FH & 3
T, P IR D SRR RS 1) 2 B S R M I A e, AL
PR SRR R I ORR, WA, LB, K
2 DCMC B e S HE I 19 %% B 4 8.83 mg/em’,
FLER N 97.65%. 4% DCMC &N 5%, SR
B R 9.21 mg/em®, FLERR N 97.05%;
{H24 DCMC KT 15%J5 , C5EI 5 B A i 07
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mg/em®, fLERFEZE 94.99%, X /&K N DCMC |
) T R 1T A5 e S A S S, T U SR A
S, TR TR Ay A 2 R JE CRE o 11 2L 4%
45K HL Bt DCMC FS B4R i, 3 R A0 i
B2, SCHRERBE R, (A BRI 1Y 25 H i
A R, B RN, AFURAAR O T B
W ALBRR | IR B AR T AR K 25 mmx
25 mmx 25 mm K/ 15% DCMC gt i J5 A e e
ERA 246 b, RRAIER LTI A AR (K 3a),

K SEM MEZ TR [A] DCMC F 4 S BRI (1
MIESR, 25 R aE 3b~f ii/n . B 3b~f ATLLFE H,
JBEJE A BE S AT DCMC U e Dt =56 e #4052 30 11 A
HEGE R Z AL, BHALR SRR S B
ZE 5t o SRR 7 R A Z2AR Z5 K4 H , DCMC
SR A AR I IR T B FLIRIR S5 4, FLB
ARAF T NS I H I 28657 DCMC i
B, M I AR I AL R T BN, R
R BBURE A ARAS . 2 DCMC H R 15%K,
O I B BRI AR FL AR 5~50 pumo XU R TR %
DCMC R R K, PR R it £, %2

YR 265 JBE 1 0 Aol 745 JE Dt 3 22 W) S S o o ) 22
FLIMZE 45

Kl 3 15% DCMC BCPER B SMIL (a) KANIH
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Fig. 3 Appearance of 15% DCMC modified collagen aerogel

(a) and SEM images of DCMC modified collagen

aerogels with different DCMC content: 0(b), 5%(c),
10%(d), 15%(e) and 20%(f)
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Fig. 4 Compressive stress-strain curves of DCMC modified
collagen aerogels
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) G R S BB A K . FERAE R AR N 50%H, DCMC
HIHEA 15% BRI S BE Y R 46 7 7 (27.68 kPa )
JEARGIA DCMC MRS BERE (7.49 kPa) 92y 3.7
o X JE T DCMC AT LU I 543 22 ] Y
SO R, JFHBEE DCMC & i
hn, SR A R AN i £ SR LR
Z BT AR A S A 1R) T B 2 () A SS g 4 A
JrErEfe ] Bk, {H DCMC B KT 15%)5, &
I R 1) P 46 0 g S 3 R AIG A R 4 AR
50%F0f, DCMC N 20% b e i 5 A SR I il R
450 710 21.40 kPa, H DCMC &R 15% et
JiE DS I 1 R 4 L J1 08 /D 6.28 kPa, X R h
DCMC & i 2 2 145 15 Jt 43 18] 19 58 16 8% B 3k
K, AR B R N ALK T [ S B B Y
PPEAR 2 i ERE I BRRAK . SR SRR SR ARy
4 DCMC F&R 15% 00 B0 e T BRI o
24 DCMC MHERKESRREAHETHMEIA DSC

o

AR5 1l £ B A e %o A AR A L LA AR v 1) £
o, 0.42 g DCMC St I S BER W] 1148 6.10 g
PEG4000, 1% E1k 1452.4%, @it DSC MR T
PEG4000 Fl DCMC U ¢ S S BE st 526 AR AR 4 RHE
PERE, S5 S, MEEIES T 1.

—— PEG4000
-~ DCMCBHE SRS A

_2920 0 20 40 60 80 100 120 140
BEE/C
5 PEG4000 Fl DCMC o e S CBE I 2 45 A A8 b1k
i) DSC HhZk
Fig. 5 DSC curves of PEG4000 and DCMC modified

collagen aerogel composite phase change material

WK 5 FFE 1 i, DCMC koM i B A sE e 2
A MR R R A PEG4000 1 DSC gt HARAE
WEER B, AR R (T,) FI4s dh g E
TREE (T.) 439k 58.8 F136.7 °C; Jamiks K(137.6 +
4.3)J/g, J&4 PEG4000 V&AM 96.7%. XJ&H TS
B A A A R P B RCB R e R o, R
JREA B Jo B AE AR, A SO SR 45 F 28 T PEG
I FRERRA M PEG 5 I R-E M EER, &
FOE B W B, BB A A AR MR A
R AT rff e 7

# 1 PEG4000 1 DCMC Bk I It UBE I A2 5 FHAS B AR ) AR AL il J3E KRR AR A

Table 1 Phase change temperature and enthalpy of PEG4000 and DCMC modified collagen aerogel composite phase change
material
FE Tomo/°C Tw/°C Tome/°C AH,/(J/g) Teo/°C T./°C Tee/°C AH/(J/g)
PEG4000 47.9 59.0 67.9 142.2+3.1 23.6 37.8 46.4 134.6+4.8
DCMC i P Je S B I 5 & AHAE B 47.0 58.8 69.5  137.6+4.3  23.4 36.7 447 126.8+5.0

T T WURIERNEL s To— IS RMEENRIE ; To—RMETHIRIE ;. AHG—HERINS; To—WIIRZERIRIE; T—45MIGERERE; T—45

MR ;. AH—%5 ks o

25 DCMC MMRBESEREEEABETHEMN

FE F M BE 53 47

4 B8 B AR B TR KT be £ M A A I, 3 3k e 4
B HA BRI A B R s L B AA R BT, 4
RILE 6,

WA 6a 7, K 5 RE AR CEE RS KT e 21 1 i Al
I, ANFE 20 s N, ARAEERTT AR AR B A Ak, SR R
HURGE . WnE 6b iR, K BUIE R CEAEL S mm JE
i) DCMC 2t IR S BE I b, Bl A () 28 K 52
120s, WifRHAKIRGEREFSE, WA HBURBE ML,
VLSBT AR 3] TR IR B VE T . X
F DCMC e 5 I S B I FL R R =3k 96.49% ,
A 1o A L B R A5 s A 0 R A e b R B R
FRAMARAR, RS I A SR IR 3R,
M REARSEE R R R TR HHA I R A PR A

PERE

&l 7 Jy PEG4000. DCMC Bk Jise it < ik Jie il
DCMC MU RSB 2 A AR M R I R E0
MIE 7 ATAE S, 4l PEG4000 (1SR 0.3179
W/(m'K), FLBRZH 96.49%H) DCMC Bt i i < 5k
J2 ) T SR B 0.0487 W/(m-K), 1 DCMC 2X
PR B RSB IS S A A AR R R RS IR B
0.1519 W/(m-K), AX}F DCMC Bt i S B
DCMC 2 15 I B e 52 45 AH AR BRH T 30 R 0K
Ko BXAEH T DCMC BUPE e J5 A5 v L 35 1 BEURD
PEEAEVE 1, 3115 PEG4000 7] LLAR -4 fff 25 78
IR = dE B IR 4 22 ), TEIR B MRS,
DCMC U e RS BE i O 26 KR 43 FLIR B PEG I
W, MAFLBRREAL, CHRAE S /N LB AL
f71E (K 8), FECRMATLKR,
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Fig. 6 Pictures of thermal insulation performance test of samples
0.35
I
0.30 -
2 0251 :
£ 025 < e & S
B 020 PR :
& 015} l s o o
ﬁo.lo— S X R A g
0.05 | l I I L L =i
J I 2 TN =AY SR P NEs
0 —EGa000 DOMCHE  DOMCHH R El 8 DCMC}&&H&JEm«%%H&E n_ffﬁxﬂﬂﬂﬁ SEM [
RS SERE A Fig. 8 SEM image of DCMC modified collagen aerogel
FAAE composite phase change material

Kl 7 PEG4000. DCMC 25 I BEI Al DCMC Bl
JBE S BRI 52 5 RH AR L B S A R L
Fig. 7 Thermal conductivity of PEG4000, DCMC modified
collagen aerogel and DCMC modified collagen
aerogel composite phase change material

#4425 mm JEEAY DCMC 2t 15 I S EE I Al DCMC
PR i S A e 2 G R A B RHRE R A 100 °C Y
G b, A LD R SAR AR 8 SR AN (] B [R] s
FEM AR MR E, R 9 iR,

100 C

20C

19 DCMC BHERE R AEEN (a) FI DCMC PR R SBER S S5 AR (b) YRLLAMENR
Fig. 9 Thermal infrared images of DCMC modified collagen aerogel (a) and DCMC modified collagen aerogel composite

phase change material (b)
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23.8 F122.6 °C, SRR MR L EF 3.8
2.6 °C; M 30 min J5, DCMC BUE: B S5 A 5 e
1 DCMC  ehPE Jise It B I 52 A AR 78 M R Y 2% T it
FEr5I 25.5 1 22.9 °C, 5 ARINFEE S 1 IR E A
b BT 5.5 F12.9 °C; Jin#t 60 min 5, DCMC gtk
IR EERE A DCMC B0 I R EE I 3R A AH AR+
BRI 90 30.1 F1 29.4 °C, SARMAKE
S TR EEAH . BT 10.1 F1 9.4 °C, {HARIH LK T
TG RS . 2B DCMC B R S B BA B

Ui B AAERE . H DCMC BCPE IR 5 B I S2 A AR
PR B AR RIOCR AL ST, 3R i T AR BB AR 8T
FHAS ) A P o, AR BRI S A AR A A
R PR BB e, SR AL S 4 B A
PERE. % 2 NAFEY A HUBER I # . FLER
AMFRATERER LR, 3k 2 WTRUE T, HFZ2E4
YA HL BT RAR L , AW 58 % 19 DCMC Bl
PRI BE A LB/ | R B, FLBRAR Y,
B bk B 0 A 4

K2 ARV A YUTEE AR | FLET AR PR R LA

Table 2 Comparison of density, porosity and thermal properties of different biomass organic aerogels

BRI W /(mg/lem®)  FLERER/% B FAPE fE 275 30k
T3 P T /A PR S MG 57.0 — 20 mm, 150 C# &, 30 min, W@FHIHAE 10 °C [24]
T Yk 2 9K A Y /55 TR S B 8.40 98.00 20 mm, 200 °CH#A, 5min, WEIHIFEE 11.9 °C [25]
DCMC B I <A 9.69 96.49 25 mm, 100 °C##, 60 min, JETHIEE 10.1 °C AT AE

26 DCMC MMRESERESHEEM B

TERE ST

itk s R S 1 B S A S A A R i A P R
AUBREAT , T CBERE R R IR I 2 fL R 25 250 | ey
P18 FL BT 3R 558 6 200 A5 AR T 0 25 e P 158 T A R
FHAS AL 22 AL SR, 435333 41 PEG4000 Fil
LA Ak BRI A SIS AT SRR £ T 2 E a2
fr ik, S5RAE 10 B,

00

mtlwmm mtlwmm sotlwmm

L]

a—4li PEG4000; b—AKFi/KAbH ) DCMC Bt IR RS EEIRE &
FAAE AR s c—Bi KAL) DCMC M e S A B Jie 58 6 AR 28 41

B0 4 Al By it O 4 RE I 3
Pictures of leakage-proof performance test of
samples

MIE 10 ATLAE H, ¥ 3 FPAESLE T 80 °C (it
AR IR ) ABLRS Hon#k 10 min J5, 4 PEG &
A TS E AR I BT R ksl , TR e P B R
KGRI FLR DCMC M e J < i 52 5 A A+
BEF R IELE A R MARIE IS, (KRR ER
-1 5E ISR X2 i T DCMC B Je B AR e 114

Fig. 10

SREAENE NN LA 2L, e A BOREE T
FIR Joffs o 25 14 [ -WRORR AR, 7 LRI RS PEG it
Ui, E— 2 PR BE b AT LAkt A AL A B0 5 itk s [ 2
GLK AL DCMC PR It OBE I 52 5 R AL A
KRB R, JE4E EBRA RIS, RU
AL R BERTGE P . e th T2id iR Uk PDMS J&,
1E DCMC B B I R I 525 FH AL A1 R B9 3% T B
% T PDMS i K PR AFE AT LA S5 1 S A AL A
B AN, MTTB e 1 AR A A A By TR PR RE
27 DCMC MMERESERKESHETHRIIEK

R RiisEResa

K 11 25 DCMC B i J5U eI S 5 AR A2 A 6
75 PDMS i 7K 4k P Rij Je B4 2 Th1 {1 R 1 o

180
L]

150 F i - I

T

—
[N
S

KBSl /(%)

60
30 (]
0
bzt gLl
E 11 KA BERT S A DCMC Mo e R S8 e &2 4 AR 7
HREA K 22 fh A1

Fig. 11 Water contact angles of DCMC modified collagen

aerogel composite phase change material before
and after hydrophobic treatment
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before (a) and after (b) hydrophobic treatment
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