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Preparation and properties of chitosan/gelatin/phytic acid composite
flame retardant coatings

Zeng Lingshun Li Chengyu Luo Cuimei Xu Wenyan Mu Jun
(Key Laboratory of Wooden Material Science and Application of Ministry of Education, School of Materials Science and
Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] In order to improve the flame retardant properties of wood, and extend the
application of bio-based flame retardant materials in wood, we prepared expandable composite flame
retardant coatings using all-bio-based materials (chitosan/gelatin/phytic acid), and explored the properties in
the wood application. [Method] The composite intumescent flame-retardant coating (CGPx) was prepared
by chitosan/gelatin as the film-forming substance and water as the solvent, and was prepared according to
the mass ratio of chitosan, gelatin, phytic acid of 3:2:(0—1.5). The flame-retardant coating layer of wood
was prepared by coating it on the wood surface. Scanning electron microscopy and Fourier transform
infrared spectroscopy were used to analyze the morphology and elemental distribution of the coating layer.
A pencil hardness tester and an adhesion test were used to evaluate the hardness and adhesion of the coating

layer. Scanning electron microscopy, thermogravimetric test, combustible fire test, and cone calorimetry test
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were used to comprehensively evaluate the thermal stability, flame retardancy of the treated wood. Finally,
scanning electron microscopy and Fourier transform infrared spectroscopy were used to analyze the
morphology and elemental distribution of the residual charcoal and to analyze the flame retardant
mechanism. [Result] CGPx showed excellent adhesion and hardness on wood, with the CGP1.5 group
achieving an adhesion rating of Class 1 and a pencil hardness of 7H. CGPx wood showed excellent thermal
stability, with the CGP1.5 group achieving a residual charcoal rate of 44.2%. CGPx wood showed excellent
flame resistance in fire and combustion tests. In the cone calorimetry test, the peak heat release rate of the
CGP1.5 group was reduced by 34.3%, the time of the peak rate was delayed to 284 s, the total heat release
was reduced by 15.5%, the CO and CO, release rates were also reduced, the fire index was 0.189 and the
flame growth index was 0.708. The flame retardancy of the treated wood was enhanced. [Conclusion] The
treatment coated wood with all-biobased flame-retardant coatings, can effectively improve the thermal
stability and flame-retardant properties of wood, and enrich the green and sustainable flame retardant system
of wood.

Key words: flame resistance; coated material; chitosan; gelatin; phytic acid; biobased flame retardant

coating; fast-growing poplar wood
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a. CGPO SEM-EDS; b. CGP0.5 SEM-EDS; c¢. CGP1.0 SEM-EDS; d. CGP1.5 SEM-EDS; e. CGP1.5 SEM,; f. FTIR
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Fig. 1 Elemental analysis, microscopic morphology and FTIR of chitosan/gelatin/phytic acid flame retardant layers
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Fig. 2 TG (a) and DTG (b) curves of untreated wood and wood treated with chitosan/gelatin/phytic acid flame retardant coatings
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Tab.2 Data of thermal decomposition of untreated wood and wood treated with chitosan/gelatin/phytic acid flame retardant coatings
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CGP1.5 201.7 232.9 293.7 44.2

H: Tsgn Tiogs Tmax 25 AFE T AR R 5% SRR 10%- JR B K0 R KIS 19IR 2 « Notes: Tso Thos Tmax Tepresent the temperature when
mass loss is 5% and 10%, as well as the maximum mass loss rate of the sample, respectively.
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Fig. 3  Fire resistance test pictures of untreated wood and wood treated with chitosan/gelatin/phytic acid flame retardant coatings
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Tab.3 Combustion parameters of untreated wood and wood treated with chitosan/gelatin/phytate flame retardant coatings

R Sample PK/(kW'm™) Ty/s PKy/(kW'-m?) Tys THR/(MJ'm?) TTIs FPI/(m*skW') FGI/(kW-m?2s') TSP/m
FALFERF Untreated wood 278.12 12 306.05 204 53.41 5 0.016 1.500 1.88
CGPO 177.11 18 24121 228 47.08 10 0.041 1.058 2.86
CGP0.5 94.94 50 234.40 272 47.64 16 0.068 0.862 3.22
CGP1.0 110.05 52 220.93 276 49.10 23 0.104 0.800 2.57
CGP1.5 84.25 104 200.96 284 45.15 38 0.189 0.708 2.04

T PR EE — A VR OE AR W WARL s T ik 3 55 — A SRR JB0H S W6 8L 14 BN 18] s PR oA 88 AN VBRSO S8 WAL s Ty ok 3188 N R O SR I AH
PR () s THRON S IVBE R : TTUN BRI 18] ; FPIA KR 1850 FGUA KA K AR HL: TSP SRR . Notes: PK is the first peak of thermal
release rate, 7 the time to reach the first peak of thermal release rate, PK, the second peak of the thermal release rate, 7, the time to reach the second
peak of thermal release rate, THR total heat release, TTI time to ignition, FPI fire index, FGI flame growth index, and TSP total smoke release.
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TRARME A R AL 2R I RK R 2, #0744
(I BRIGE AR R SR I 77 A . 5 AR AL ER RS A B, PHAR
AL BRI CO B S ARBRAG . &L 5 CO B
B35 R I A JA R Pe I B PR A/ BRRE TR U, it
Ja BT AR R BY BOF IR BE TR 2= 1) CO. A Ja R ke
71 R PR TS U T 4 B0 B 1) 5 g s ek e ity 282 06t
P B B KB [F] ] 6a, b .

TEHT 100 s P, A 0 S R s 2 fhh 2 S 30 S
1 BT (B 60) . XA BT AW, AWM TESZ
WG B B RS, 7 A KZE SR AR R b5
HENF GBI B, IR Z 230 R, FERM B
5y, BEIOKE M . B A I B ZE K, PA TEFE
KA CS A GEL T A IK o 2, 4] 7 AR
BRIGE RVR SRR, (15 A A 1R 5 R RS A i 498 i 2%
8. fEEANRBE B, By T CGPL1.5 1 CGP1.0 4F,
A FEAE IR 5 R I A 2 T R AL EEM, X AR T
PA TERRBEHT A R 47 4 AE o 5 AR FEA A B,
TN PA i BEJA b B AA S R FECE WS 8 i o X
SR T BEA A B 2 T IR R AR AR IR L R K
A AR TR RS, LU AR AL B A 7= A B 22 1 [ AR 4
W, [ ERAF 2R 2 B BHAE ik — 20 S 8UR M AN
FAMERE, BN T R R

253 FEESH

2 M B (] 7a, DR CGPO 7Rk 5 9
(FR IR ANIE 5], IR JETE S AT R v R AE 2L, B
JK R B AGEM AT L, 1 CGPL.5 K258 %, R KA
WrEL g Ol . O & (B 7, ) \oR: CGPO R R %R
DL AN 511, APAE KBS BRAIRS, Mgt 7
PR Joe ok FR R BRFE R 0 RN AR 55 BRI RS RO 3
CGP1.5 BRAERL R G IR FF e B 45 1, I 4R
FOE R T, b T A A AR R T RE T, I
3L bt 2 B R4 . 454 EDS B (E 7c, DFFFE K
CGPO 1 CGP1.5 4 | #| C. O N, P iX 4 Fp = %
JLF: T CGPLS 5%k, P L& & &= = T CGPO 5%
®, N LR & &ALT CGPO %éz%o X E B PA HIIMA
A TIEKREFAEE 2 E & P oax AL P,
IEAh, P AN JGE 1P AR AT UG 2 (1 T B
AERZE R R J2 A Bl T3 i A 1) AR T i
PERE, XA BEIA L 21 B B R 3EAFE

Kl 8 Wi 7 870 em ™' Ab[Y) C—H f4E A2 T DL K&
1154 cm™ &b M) C—O—C 4R 3l % £ 4 2P U
FH 230, 3 i B R A ) A0 2 4 0 19 B — 8 IR B
CGP1.5 B % 1] FTIR Y3 7E 3 390 cm™ b H A5 H &
[1)—OH FFAEUE TR, XK CGPL.5 (1R 2 B iz

- RALFA B Untreated wood — CGPO — CGP0.5 — CGP1.0 — CGP1.5
0.005 - 0.35 ¢ 40 ¢
e a b =35 ¢
% 0.004 . wo.30- 2301
‘N‘@ M‘Ef 0.25 iz
# 2 0,003 B2 o020) XB251
=2 20 ¥ 220}
) ¥ 2 0.15 | g
= g 0.002 S ; -tfgl.S-
o= S5 0.10 ac a7
5 0.001 © % Z1.0} *d
S 9 0.05 LAY
O 2 0. :
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600

i) Time/s

At ] Time/s A (8] Time/s

6 RIS AN T SENE/ WK A IR PR MR BT 1) COCa) T CO,(b) A2 g 26 K SRR TURE (o) T 2%

Fig. 6 CO (a) and CO, (b) production rates and total smoke release (c) curves for untreated wood and wood treated with

chitosan/gelatin/phytate flame retardant coatings



120 b mw # kK % R

546 4

100,um
¢ 17z TR 7R f | 5z R
Element Mass fraction Element Mass fraction
[¢ 40.28% [¢ 36.82%
o) 36.39% o) 37.45%
N 3.60% P N 337%
3 P 19.73% P 22.36%
C
N
0 2 4 2 4 6
fittt Energy/keV figft Energy/keV

K7 CGPO(a~c). CGP1.5(d ~ DFRIRIIZ M. WK SR EDS K
Fig. 7 Macroscopic, microscopic morphology and EDS of CGPO (a—c) and CGP1.5 (d—f) carbon residue

CGPO

4000 3500 3000 2500 2000 1500 1000 500
W E Wavenumber/cm™

K8 CGPO Rl CGPL.5 fsk R LA K
Fig. 8 FTIR of residual charcoal for CGP0O and CGP1.5

EPYS SEJE TG T BEf 1T 1637, 1603 LA AL
2 074 cm™ Pt U JLF% A, X U0 CS il GEL
R R A [R] B 28 2k JLF- 56 4 3% A6 A NH;. CO, 55
ANATRSARET, BhAh, 5 CGPO B% % ) FTIR Y61 AH
Et, CGP1.5 %% (1) FTIR Yk i 7~ — 55 i W i
I, 7€ 1246 cm™ PRZ BT HH P=0 F iRz i
R, 1168, 997 F1 882 em ™' 4b 1) 38 Wt Wi g 19 BT -
P—O—C. P—O—P 1 P—O—H R 5 . iX £ W
CGP1.5 Bk AAAETE 2 (B RR AN 2 BEIR AL S 17,

XA BT ARH. GEL 1 CS BiKE R RE. 3T E
AR, AT LS H A0 52 SN /R /R IR LR VR 2
AT DLATE %58 3] FH R AH 1R BEA ML EE A R 4% B AR A
PA [RAAAE AT LA i A 5 i A e PR 2 T A, DA
784 B RS . CS A GEL 7E BRI i FE vp g L7
AT IRASAR, FRoRE rT R SR I A .
2.5.4  [LMKALIZ 547

2 BEA TR R A IR R M B R T IR, SR
) CS+ GEL Al PA W] LAZ R JHOAS T A SUA4, 11 N
NH;. H,O, [F B}, PA AT LAy fift 7= A2 58 £ 1) 2 B R
FUE IR 2. X He il R 26 v] DLAE AR Ik AL ) B
AR TR, 3 BRI 22 100 TR B BU% R =, [R) IR 38 A
DA Ak i3 CS Al GEL [ # F fif B0, i 4 5 %0 2
FUREJECH Ny AT NH;zo 7E 23 fif i 78 A 7= A8 A o] R
A AE B TR SR 1 (R IR A R K, AR A
FAHTE N I BUE R J2, I DLRS 48 # B A e
FM Y2 IR J2 AN AN o] PR SR T A %, AR
R SORE A B R 2 TR ) B B, BEL ok A B R AR R
N BRI X35, 4 A RIS 7= ) 5 R b 32 T8I B 2
T B 1E K HE & 48, T A TR M 3RS R4 B RH
PRIERECE 9.



578 B AR 5%

SR/ W IR S 45 DL BB ) 26 B M i 121

HAIZ Gelatin
FEHHE Chitc
&9 HiF& Phytic acid

& N,. NH,

CS. GEL %1k
CS, GEL carbonization

N LR AIBER
A Polyphosphates and phospnates
CS. GEL A 5 R)Z

Residual charcoal layer of CS,
GEL and wood

A

carbonization

J%)Z Carbon layer
[ it 544X Isolate heat and oxygen

9 FEIRWE/W BB R BELIR AL AL T RE A FELAS AL B

Fig. 9 Possible flame retardant mechanisms of wood treated with chitosan/gelatin/phytic acid flame retardant coatings

34 @

AW FL DA 4 € ] B fif 1Y) CS AT GEL N i JEE4)
Jii, NN PA il & H —Fh A B W 5 5 & BRI R 2, 0
TR ZEFIAL B (B AR VE AR, FIRTER 7L PA & &
A DR 2 MR RE IR 52 s ) P 4l P 7 SR Bt 1
B LM EREA R BT HETE B RAEERE AL T
70 SR/ F /R T BEL PR AL B 1) e S L BELAR T
FIBHSAMLEE, 153 LT 4518 .

(DBRRREHEARM KT K T 80% . JBSH oy
i3 BT MR )Z o PA F BE3G N n] DAY 5 4% 2 76 A A4
R I 71, CGP1.5 A B J155 9 (1 ORI
SRR CTHD e fE

(OBARR IR 2 52 8T8 B 3% J2 7T AR A4 1
&3, TEFHAM TR E M, AP 15RR 5 15 2 KR
FERRTE, HoAh CGP1.5 kR BT & 44.2%. [FIRS
& PA 2 & 038N, AR 2 $IE B K )2 B
SERE, R BETH AR /N, 2 RS AR R I H B ARAT
N o [RIESF EH R IR 2 1 A BE A R R S AR R
AAIUEAE R, CGP1.5 4R FUE RIGH FFF T
34.3%, HZVEE H LRI (B HEIR 22 284 s, S AR
BN T 15.5%, CO Ml CO, B s R AT B FERAK
A T BELAR P R 43 21 B B 05

(3D FH A AL H A4 1 FHA 14 BE 42 1, FPT A1 FGI #H
253 . CS Al GEL 152 #AK B i N,w NH;. H,0
SEANT RS AR R I RS AR AR R, R EAR M &
THI T B K 3% )2, 10 PA 52 383 i i T 1 1) 22 T TR
k5L CS. GEL FUAM ()% Ak S S LA i B
T ] B ) e )2 s BEL L i RN AR A 32 B R T
PRPEFE R =R T o

AHFFERI A CS. GEL. PA #4817 4 2E W ] 1
i S BER SRR, e LR iRl B A BT (iR 2 T R
FIBEBRIERE, & T SO FFEIARM R IAE R, N
AR BEBR AL B T — b i

& % X W

(1] AREAR, PRIESFE, A8, 55, PO IR BRI S BRI ORI & B AE
RIS B [J]. Mol TRE 4K, 2023, 8(1): 88-95.

Xu H L, Lin Z Q, Bai Z C, et al. Synthesis of acrylics flame
retardancy coating and its application in wood fire-safety[J].
Journal of Forestry Engineering, 2023, 8(1): 88—95.

[2] #4, kM, Ph73, 5. MIL-100(Fe) &b 3 % A (1) B 1 R T
Tt 1. AL MO R 222441, 2024, 46(1): 152-162.

Cao T, Zhang Y, Sun Z Q, et al. Flame retardant properties of
MIL-100 (Fe) treated poplar wood[J]. Journal of Beijing Forestry
University, 2024, 46(1): 152—162.

[3] de la Torre A, Navarro I, Sanz P, et al. Organophosphate
compounds, polybrominated diphenyl ethers and novel
brominated flame retardants in European indoor house dust: use,
evidence for replacements and assessment of human exposure[J].
Journal of Hazardous Materials, 2020, 382: 121009.

(4] EHs, T4, M, 5. 70 RHE ke S H AR AR Tolk b i) 57
A (9] tHEFARAEBE AL, 2023, 36(2): 69-73.

Wang T, Wang L, Hao R D, et al. Properties of chitosan and its
application to wood industry[J]. World Forestry Research, 2023,
36(2): 69-73.

[5] Cho W, Shields J R, Dubrulle L, et al. Ton-complexed chitosan
formulations as effective fire-retardant coatings for wood
substrates[J]. Polymer Degradation and Stability, 2022, 197:
109870.

[6] LiH, Wang C, Yang T, et al. Mineralizing wood with chitosan-
silica to enhance the flame retardant and physical-mechanical
properties[J]. Journal of Sol-Gel Science and Technology, 2023,
107(1): 57-69.

(7] 50, 20, 1508, 55 RuCA/K LIRS IR S A MR
il 4% B MEBE (7). 2R Tk, 2022, 50(2): 52-57.

Wang C, Li H, Xu Q, et al. Preparation and properties of
basalt/polyvinyl alcohol/chitosan flame retardant composite[J].
China Plastics Indusry, 2022, 50(2): 52—-57.

[8] Cao W, Yan J, Liu C, et al. Preparation and characterization of
catechol-grafted chitosan/gelatin/modified chitosan-AgNP blend
films[J]. Carbohydrate Polymers, 2020, 247: 116643.

[9] Zheng X T, Dong Y Q, Liu X D, et al. Fully bio-based flame-

retardant cotton fabrics via layer-by-layer self assembly of laccase


https://doi.org/10.12171/j.1000-1522.20230225
https://doi.org/10.12171/j.1000-1522.20230225
https://doi.org/10.12171/j.1000-1522.20230225
https://doi.org/10.1016/j.jhazmat.2019.121009
https://doi.org/10.1016/j.polymdegradstab.2022.109870
https://doi.org/10.1007/s10971-022-05730-2
https://doi.org/10.1007/s10971-022-05730-2
https://doi.org/10.1007/s10971-022-05730-2
https://doi.org/10.3969/j.issn.1005-5770.2022.02.011
https://doi.org/10.3969/j.issn.1005-5770.2022.02.011
https://doi.org/10.1016/j.carbpol.2020.116643

122

Sl Ay

L SNAEPN

i

¥k

546 4

[10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

and phytic acid[J]. Journal of Cleaner Production, 2022, 350:
131525.

Wang K, Meng D, Wang S, et al. Impregnation of phytic acid into
the delignified wood to realize excellent flame retardant[J].
Industrial Crops and Products, 2022, 176: 114364.

Yue H, Wang J, Wang H, et al. Flame-retardant and form-stable
phase-change composites based on phytic acid/ZnO-decorated
surface-carbonized delignified wood with superior solar-thermal
conversion efficiency and improved thermal conductivity[J]. ACS
Applied Materials & Interfaces, 2023, 15(6): 8093—8104.

Song F, Liu T, Fan Q, et al. Sustainable, high-performance, flame-
retardant waterborne wood coatings via phytic acid based green
curing agent for melamine-urea-formaldehyde resin[J]. Progress
in Organic Coatings, 2022, 162: 106597.

Li C B, Wang F, Sun R Y, et al. A multifunctional coating
towards super hydrophobicity, flame retardancy and antibacterial
performances[J]. Chemical Engineering Journal, 2022, 450:
138031.

Jiang Q, Li P, Liu Y, et al. Green flame-retardant flexible
polyurethane foam based on polyphenol-iron-phytic acid network
to improve the fire safety[J]. Composites Part B: Engineering,
2022,239: 109958.

Yan W J, Ding C J, Min J J, et al. Fabrication of green and
scalable N/P/S/Mn containing biobased layered double hydroxide
as a novel flame retardant and efficient char forming agent for
polypropylene[J]. ACS Sustainable Chemistry & Engineering,
2023, 11(13): 5216—5228.

Dessie W, Tang J, Wang M, et al. One-pot conversion of
industrial hemp residue into fermentable feedstocks using green
catalyst and enzyme cocktails generated by solid-state
fermentation[J]. Industrial Crops and Products, 2022, 182:
114885.

Fang Y, Wu J, Chang S, et al. Flame retardant and anti-dripping
polyethylene terephthalate fabric based on bio-based phytic
acid/gelatine coating[J]. Surface Engineering, 2023, 39(1): 49-55.
Tang W, Liang G, Wang L, et al. Multi-functional flame retardant
coatings comprising chitosan/gelatin and sodium phytate for rigid
polyurethane foams[J]. Journal of Cleaner Production, 2023, 394:
136371.

Wang D, Zhong L, Zhang C, et al. Eco-friendly synthesis of a
highly efficient phosphorus flame retardant based on xylitol and
application on cotton fabric[J]. Cellulose, 2019, 26(3): 2123—
2138.

Zeng K, Li W, Wang W, et al. Preparation and characterization of
carboxymethyl-chitosan/sodium phytate composite membranes
for adsorption in transformer oil[J]. International Journal of

Biological Macromolecules, 2019, 132: 658—665.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Zajac A, Sasiadek W, Dyminska L, et al. Chitosan and its
carboxymethyl-based membranes produced by crosslinking with
magnesium phytate[J]. Molecules, 2023, 28(16): 5987.

AL, 2R T, JEWE 22, 48 RM B EOR B FC ke (0.
AU A T 54, 2022, 50(3): 21-29.

He M F, Li X Y, Lian H L, et al. Research progress in wood fire
retardant technology[J]. Forestry Machinery & Woodworking
Equipment, 2022, 50(3): 21-29.

Zhou X, Fu Q, Zhang Z, et al. Efficient flame-retardant
hybrid coatings on wood plastic composites by layer-by-layer
assembly[J]. Journal of Cleaner Production, 2021, 321: 128949.

Yi L, Yang Q, Yan L, et al. A facile strategy to construct ZnO
nanoparticles reinforced transparent fire-retardant coatings for
achieving antibacterial activity and long-term fire protection of
wood substrates[J]. Journal of Building Engineering, 2023, 72:
106630.

FESCER, AU, B IR, 4. B IR B A AR W 4 i A4k
SEALRTRENA [J]. WAL R, 2023, 50(3): 12-19.

Wang W Q, Dai B R, Xia C Y, et al. Effects of carbonization
temperature on the structure and chemical composition of woody
biochar[J]. Hunan Forestry Science & Technology, 2023, 50(3):
12-19.

Fan C, Gao Y, Li Y, et al. A flame-retardant densified wood as
robust and fire-safe structural material[J]. Wood Science and
Technology, 2023, 57(1): 111-134.
Zhang T, Yan H, Shen L, et al. Chitosan/phytic acid
polyelectrolyte complex: a green and renewable intumescent
flame retardant system for ethylene—vinyl acetate copolymer[J].
Industrial & Engineering Chemistry Research, 2014, 53(49):
19199-19207.

Wang T, Xu J, Zhan Y J, et al. Eco-friendly and facile integrated
intumescent polyelectrolyte complex coating with universal flame
retardancy and smoke suppression for cotton and its blending
fabrics[J]. ACS Sustainable Chemistry & Engineering, 2023,
11(12): 4838—-4849.

Guo C, Wang S, Wang Q. Synergistic effect of treatment with
disodium octaborate tetrahydrate and guanyl urea phosphate on
flammability of pine wood[J]. European Journal of Wood and
Wood Products, 2018, 76(1): 213-220.

Ning Y, Liu R, Chi W, et al. A chitosan derivative/phytic acid
polyelectrolyte complex endowing polyvinyl alcohol film with
high barrier, flame-retardant, and antibacterial effects[J].
International Journal of Biological Macromolecules, 2024, 259:

129240.
(FTiER#HE % 45
TERE H4%)


https://doi.org/10.1016/j.jclepro.2022.131525
https://doi.org/10.1016/j.indcrop.2021.114364
https://doi.org/10.1016/j.porgcoat.2021.106597
https://doi.org/10.1016/j.porgcoat.2021.106597
https://doi.org/10.1016/j.cej.2022.138031
https://doi.org/10.1016/j.compositesb.2022.109958
https://doi.org/10.1016/j.indcrop.2022.114885
https://doi.org/10.1080/02670844.2023.2193004
https://doi.org/10.1016/j.jclepro.2023.136371
https://doi.org/10.1007/s10570-018-2193-5
https://doi.org/10.1016/j.ijbiomac.2019.03.239
https://doi.org/10.1016/j.ijbiomac.2019.03.239
https://doi.org/10.3390/molecules28165987
https://doi.org/10.3969/j.issn.2095-2953.2022.03.005
https://doi.org/10.3969/j.issn.2095-2953.2022.03.005
https://doi.org/10.3969/j.issn.2095-2953.2022.03.005
https://doi.org/10.3969/j.issn.2095-2953.2022.03.005
https://doi.org/10.1016/j.jclepro.2021.128949
https://doi.org/10.1016/j.jobe.2023.106630
https://doi.org/10.3969/j.issn.1003-5710.2023.03.002
https://doi.org/10.3969/j.issn.1003-5710.2023.03.002
https://doi.org/10.1007/s00226-022-01415-9
https://doi.org/10.1007/s00226-022-01415-9
https://doi.org/10.1007/s00107-017-1171-1
https://doi.org/10.1007/s00107-017-1171-1
https://doi.org/10.1016/j.ijbiomac.2024.129240

	1 材料与方法
	1.1 材　料
	1.2 壳聚糖/明胶/植酸阻燃涂料的制备
	1.3 壳聚糖/明胶/植酸阻燃处理材的制备
	1.4 壳聚糖/明胶/植酸阻燃涂层的性能表征
	1.4.1 微观形貌和化学结构表征
	1.4.2 附着力和硬度测试

	1.5 壳聚糖/明胶/植酸阻燃处理材的阻燃性能检测
	1.5.1 热稳定性测试
	1.5.2 耐火性测试
	1.5.3 燃烧测试
	1.5.4 锥形量热测试

	1.6 残炭分析

	2 结果与分析
	2.1 壳聚糖/明胶/植酸阻燃涂层的表面形态和结构
	2.2 壳聚糖/明胶/植酸阻燃涂层附着力和铅笔硬度
	2.3 壳聚糖/明胶/植酸阻燃处理材的热稳定性
	2.4 壳聚糖/明胶/植酸阻燃处理材耐火性和可燃性
	2.4.1 耐火性分析
	2.4.2 可燃性分析

	2.5 壳聚糖/明胶/植酸阻燃处理材的阻燃性能
	2.5.1 热释放特性
	2.5.2 烟雾释放特性
	2.5.3 残炭分析
	2.5.4 阻燃机理分析


	3 结　　论
	参考文献

