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Flame-retar dant treatment of polyester fabric by graphene
sodium alginate/gr aphene microcapsules

GU Jinjun, WEI Chunyan’, GUO Ziyang, YIN Jieyao, BAl Jin, ZHAO Hanghuiyan
( School of Textile and Material Engineering, Dalian Polytechnic University, Dalian 116034, Liaoning, China )

Abstract: Graphene(Gh) microcapsules with particle size ranging 750~1450 nm were prepared by coating
ammonium polyphosphate(APP) with graphene, and then blended with sodium alginate hydrogel to produce
flame-retardant  coating solution. Sodium  alginate/graphene  microcapsules/polyester  fabric
(SA/APP@Gh/polyester fabric) was further synthesized with dipping rolling method, followed by analysis
on its flame retardancy, mechanical properties and thermal properties. The results showed that the ultimate
oxygen index of the polyester fabric, treated with the flame-retardant coating solution containing 25 g/L
sodium alginate and 8 g/L graphene microcapsules, increased from 19.80% (origina polyester fabric) to
27.88%, met the standard of flame resistant fabric. The verticad combustion test index of
SA/APP@Gh/polyester reached B-2, with the melting droplet phenomenon disappeared after combustion.
The char of SA/APP@Gh/polyester fabric became continuous and dense, while the mechanical properties
reduced with breaking strength decreased from 138.48 N to 108.86 N. The temperature at which
SA/APP@Gh/polyester fabric reached the maximum thermal decomposition rate did not show significant
change. The carbon residue rate of SA/APP@Gh/polyester fabric increased from 12.07% to 26.98%, and
the maximum mass loss rate decreased from 1.79%/°C to 0.96%/°C. The thermal enthalpy increased from
50.43 J/g to 68.40 Jg, and the thermal conductivity increased from 5.26x107>W/(cm-°C) (original polyester
fabric) to 8.42x10°> W/(cm-°C), indicating improved thermal properties.

Key words: polyester fabric; sodium alginate; graphene microcapsules; thermal properties; flame retardant
properties; mechanical properties
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JSM-6460LV L F R iEE, HA JEOL;
X-Max50 figii%, 94 HAU A8 2 Fl 5 Spectrum
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Z5w); Q500 PRI E /AT . Q250 I 2: 2K
PRI, EE TA LA F]; LFY-606B HI%K b
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1.2 APP@Gh TR Fl &

# 50 g APP &2 4 200 mL Jo/k ZBE = 1
B, WU EE 30 min 52441 1) APP BV,
R H AN A 5 mL KH550, FHEF] 60 °C (N, S 4%
1) KR 6h, 755 APP-KH550 2 i . # 1 g Gh
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W 8 g/l 1) SAJAPP IR I

¥ 0.8 g APP@QGh i 4 i A %] 100 mL 7K H,
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B
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() SA URTEW . SAIAPP IR . SA/IAPP@Gh V7
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Wi4r, R X FEIEH FREE (U R &2

SEM ik . ¥ APP. APP@QGh. %4414 .
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WY LI K SA BHIRAL B S 54 W i 5k 5 . SA
5 APP SR BHERAL B H XL 2 W R sk R AT SA 5
APP@Gh I [a] B Ak B i 74 26 2L 1) 5% o i) A 1t
&5, R T U R LR i Y T
2
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REAR L Wb ofE il 2 2L RE 5, SR GBIT 5455—1997
7 AR 4 PR G S A R AR R B i R P i 2k
BREFIE] . BHRRE ] . U8R S5

TG MK HFEEHRT IS RS S BT IR FH AR
SN B IEPERE . FHEEHE A 20 °C/min,
P IR T 81 800 °C, N ¥iii# iy 30 mL/min,

DSC 3z : #RH 5~10 mg 2 3 5 1R 4),
FENFRH S b, SR 22 S0l SO A T
M, JREEE R 0~400 °C, FHEHER A 20 °C/min,
RN 30 mL/min,

12T . K SARKL L) . SAIAPPIA Y
2 F SAIAPP@GH 4 MR BE I 1 7% 77 I8 F Ay
K, WEMEAERIE R, HP 2650 3
Tl BELBR 2 % Ji 1 A B AR BE R4 700 5

PAL TR B R B AT S R 2 By
29 10 cmx10 cm FRAERE, SR FH A DA S e
PAL T R BT,

Ui SR A i 0 e 7 P S A 8 21
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2013 AT KT PR F1 I, i 5 WA BOE A,

IRUEZE B . K BHRR IR B P S R 22 2
BT E 10 cmx4 em BE, B A A B TR AL,
Kk 3 min J5 B BT, %218 GB/T 12490—2014 i
AR AL

JEE R A . B BEAA VR B B S B IR 2 W)
59 2 8 cmx2.5 cm, fifi FH EE 8 (2R A, % iR GBIT
29865—2013 A7 5 PEY .

2 HRSIE

2.1 L5k a i
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B AE 1003 e 4k HY B Si—O—C S 4 AEIE, i
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Fig.1 FTIR spectra of Gh, APP and APP@Gh
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Fig. 2 XPS spectra of APP and APP@Gh

H Il 2c W1, APP@Gh [ N Ls i K 7E 45 & hE
401.1 eV Lb I BRI NHABE NHSEUY, JEBH APP
F1 KH550 sl Dyt & A 1 8 A8 48 S o

& 2d i APP@Gh 1) C 1s i &, 11Kl 2d a1,
TE45 A fiE 283.8 il 284.3 eV Ab43 51y C=C fil C—C
I, GhHh C—O HERYFRIESS A FEN (286.9+0.1)
eV, APP@Gh ' C—O %5 &5 HE N 285.8eV, &
TR . 456 XPS BiEE ML MER S, B
KH550 5 Gh &R MIERK T S—O0—C %,

23 MEBMSRBEBREMRGTT

¥l 35 SA. SA/APP 5 SA/APP@Gh [HA G 7
TR ARG R TR 3 AT, SA SE AR T K
A APP J5, APP RJ/3HIAE SA WRE W . MiinA
APP@Gh J5 , KR4 APP@Gh 73 HIfE SA KiEH
XA W PR A T RS, UL A
T H S 4y, R AT BE M PR E R R P
APP@Gh fEB W) 3515040, LIRS R 47 A RH

a. b—SA %W ; c. d—SA/APP &7 ; e. f—SA/APP@Gh
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B AR
Fig. 3 Microimage anaysis diagrams of SA, SA/ APP and
SA/APP@Gh coating solutions at  different
magnification
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Fig. 4 Particle size distribution of APP@Gh
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JLE 25.97%. HE 6 7., APP@Gh 7 Ji % 4%
JTCRE SRS N C L& 46.17%, N LK
3.01%, O JLZE 37.90%, Si TE 2.19%, P T
10.73%. APP@Gh 5 APP #Lt, SIA T H B ILER
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5 Gh ##:3—&; C tRTHMIEKRMN 16.16%
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MY [Sfetectro

C

A APP Fifi; N TR & HE M 17.29%FF I 3
3.01%, P otE &l 25.97%[% K 3] 10.73%, X
A APP 9 Gh REME, FEHOEARET
ZFEiE . HIL, N PICE & &M FRACE 2 UE R T 1%
e e 1 L Dy 2% o A, WS E] APP@Gh 1) EDS
i CIOCE A ¥4, 6 Ghis 4] 407 APP,
TV BT 2 25 44 o

K15 APP (¥ EDS Mapping 4:#T
Fig. 5 EDS Mapping analysis of APP
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L 23101

H%/ep

1x104L

5 6 APP@Gh iz #1¥ EDS Mapping 7347
Fig. 6 EDS Mapping analysis of APP@Gh microcapsules

2.6 APP #1 APP@Gh §J SEM 43 #7
K 7 S APP fil APP@Gh i SEM ¥

: ; . S o
v BT 10 pm

K7 APP(a) 5 APP@Gh fli# (b) iy SEM
Fig. 7 SEM images of APP and APP@Gh microcapsules
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FEES G 2 A rp fef BER RS0 4 T 8. SATAPPL 24241
VIR BH BRI A i 2, TP ARSI . RN,
APP WM A$E & T AR #IPE . SA/APP@Gh/ %
24U Y BRI 4 S P45 SATAPPIE 4 84 Y BHAA
2, ZRAE L XEF K, APP@Gh ik 4 1 ()
Gh ¥ APP & B TE N, [AlIF Gh B 4544 R4
¥, s PHBRRE Bk e 2L 3R m . BH BRI % S
B AR Al 25 % BRI LE 2L ) 1 2 PR RE P AR 3 0, R
2%t BEBR P e ot K A R

100 pm

a— LY ; b—SAIRLH
SA/APPQGh/ 45414
[ 8 PHARIRA LIRS RS A YR SEM &
Fig. 8 Surface SEM images of polyester fabric before and
after coating treatment
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2.8 PRRRMERESTHT
281 LOI 5 #f

IR 1.4 LIRS SARKL LYY, 5% SA R
XTI LOI IR, 45U 9.

251

6 5 1|0 1|5 2|0 2|5 3|0
SARTEREE/(g/L)
El 9 SA B EXT SAZL LY LOI 52
Fig. 9 Effect of SA mass concentration on LOI of SA/
polyester fabric

A 9 Al FiZE SA FiEIREFRYIE K, SA/
IR LOI E ISR KIS I/ M EHE . SANE
U YTE Bt R, SA SRR N, AHABAY

FRIEFIR LRI R A SO, AR AR AR, %

S
o

X

R LY M R, IR vk v S
A, SCIRBHBR . R, SA FERRBEmf 2=k
ik, 7Ea T BRI, AT, TP s A
ZALWRZE, BB E . 2 SA Bk
FET, SA WG TR, MMIREEASS, K
UYL AR Ok, B IRERE T
JFE 21 LOL Sy 19.80%, 1ii SA Tt ik Ji ky 25
o/L VREALBE S UL ZUHN) LOI Sl 24.80%, 5
T 25.25%., FILIERA, SA FimikE 25 g/l Ih7E
(14U 25 240 BHLBR P S 47 o

T 1.4 BRI SAIAPPIAL ST SA/
APP@GH/&44), [EE SA FRekIE N 25 giL, %
X[ APP Fil APP@Gh ¥ il X 414 LOI 1521,
250 10,

29

—=— SA/APP@GHWE L L)
—eo— SA/APPREASEY)
28
L7t
o
-
26|
25}
0.2 0.4 0.6 0.8 1.0
APPZAPP@Gh¥S /g

Kl 10 SA/APPIEZ L YIH SAIAPP@GH % 45 4 )
APP il APP@Gh 7 itz %} LOI B4 52
Fig. 10 Effects of APPand APP@Gh additive amount on LOI

of SA/APP/polyester fabric and SA/APP@ Gh/
polyester fabric

& 10 AJ 40, Bt APP B{ APP@Gh i N+t AY
O, BHBRJE RS LOI S Pk 38 KR
FZEWM RIS ., XEFA, HIA APPH, APP
FEm R N, B & KR AR vk T
PRV SRR , IS TSR AT REEE . I
PR 2 R AT S IR LU RN, T K )2
[FIES, 2 RBEm 20 U s MRS R R 5 ik, TB
BN B R 2, LA I 1 i 20 118 LA RE -
fmA 0.8 g APP Ji, SA/APPIAZZIM) LOI Ky
26.74%, WIFUELLUHE S T 35.05%,

%5 APP@Gh RUNIMA , 21410 LOI 5 Bl frst
I, FET TR ESE, XERMERGRT,
APP@Gh Tl Be 2 K 41 i, APP@Gh TR 42 1 45
FIFTIF, BB R APP, [RIEF Gh 2 E b AL
A, SRR APP P EEUAL, UKL Sk A H ik
)72 LA R BE TR S SR b 5 T8 I Bk e J2 45 B A5 T
%, b P TR PERE S S B R W
AEH R SA ik B 25 g/L. APP@Gh ¥l
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ok 0.8 g (BRI E N 8 /L APP@Gh ), TEILS
P RIS A 4 LOI N 27.88% (>27.00% K
MERR ), IR E] T MRS R bR, BIRIRL LY
LOI $£5 T 40.81%.
2.8.2 EAMBEES

& 1NERAESMT (H) SA Bkl 25g/L,
APP 1, APP@Gh [l fE ¥ £ 8 g/l ) I B8 A 3T )5 &
AU BHIATEREAE (L . R 11 A BHIAYAR TE AL LR S
BB YIIIRBEE DL

R 1 BRDLUWYNRE AL PIETS I A RE A 1L
Table 1 Change of flame retardancy of polyester fabric
coating before and after treatment

WY SANGY SAIAPPI SA/APP@GH

HAbEREE gy o RASW BLL

LOI/% 19.80 24.80 2674 27.88
MEH BEKE/mm B 197 188 165
WABE wmatils 279 167 149 6.8
PERE gt 0 158 08 0

VAN EE H ¥ ¥

RELIA 554 — — B-2 B-2

“—7" FRAIREUTATEL

*:

a—iRk B ; b—SAIRL LY ; c—SAIAPPIEA ) ; d—SA/
APP@QGH/# LAY
Bl 11 PHEAR BT AL PRAT S B SR be G 1 B
Fig. 11 Pictures of polyester fabric coatings before and
after treatment burned after combustion

& 1A 0, A BT 25 g/L 1Y SA IR 7E
Ja R LU R R B, LOI SRR
PEE T 25.25%, METEIEOC, BRI FNSLIRRT R] (1) A
iKF 32.5 s, AT IE R R R R L L IR R R
IR SA S E AT, REIE R SA —REIERT
wE . HE 11 ATEMHLE Y, RIS LU Pk
K, IFERUETR . SARL LRI GEL LWL T
W, IRFIBHARR . (HRIMA SA JFafikes
Y= e IBR D DR R v 5 2 ) B A 52 A0 1 I TE i
B 1 )2 e NI 25 # B 22 FLB , ZFLBRES 2 530 A
PRI

SAIAPPIEZZI) LOI B SAIEL L) Fi s
VAL B 5 IR T 7.82%F1 35.05%,  BHA PR 42 ik
55, XERH, BT APP A i £ B R Rl
SA e R TR . SAIAPP@GhIE 44 LOI
i SAIAPPIA L) | SARGL SRR 545 810 4y
LR T 4.26%. 12.42%F1 40.81%, SA/APP@QGhH/
WL BB T MEAPRAE,  [FIB BART RIE 2%, 22
PRIFIE] /D o xS Kk, APP Il Gh a] LA TR
PO SCECR 1Y )2 R AR 2 SA DR 4
i HCERRCR . HIE 11 AT RVAE S, A
APP@Gh J& 4 U A FLA 2 ) B P S84 B AR /)N
W] B o 2 00 0 B . Bkl g0, Xk 4Ly,
SA/APP@Gh ¥ 78 i v] LIAT 54 T+ IR PERE, 41
HIBHIR SRR T B-2 9.

29 ELLAYEMABIENRIERES T
29.1 TG #= DTG 5 #r

El 12 FIE 13 HEMATERLLWI TG Ml

DTG ik,

100 =
80 -
X
%60
& 60 |
ﬁm | — %88y
# — SAELAY)
~ SA/APP/RLAY) ,
20 — SA/APP@GH/ LY R
0

0 100 200 300 400 500 600 700
RE/rC
K12 BHARIRBERTG B2V TG Lk
Fig. 12 TG curves of polyester fabric before and after flame
retardant coating
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Kl 13 FHBRIRERTE &L SWR) DTG 2k

Fig. 13 DTG curvesof polyester fabric before and after flame
retardant coating
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Ja SR E LA RN, A e 3

RN ING T, A KBNS . SANALLUTE
231~310 °CH}, SA BB EBRI N, ;=4 % 1k
MK 76 330.8 °CH} SANKLLVYIIT IR M 1
430 °CH}IA B KA EiR, mRBEBi R =N
1.06%/°C , 7£ 530~623 °C A SA HymALiEFEFH 1 T
BT R K I, SATR L LU i KR
FUR BB BT TR, 5 %N 29.03%, #27+ T SA/
BB Y RE . SAIAPPIG 4 L) E 180~
220 °CH}, SA/APP Hily APP RAe/rif, VENFRIA
PERT AR LS KA N 5 TEIR B 5 KA il il R BT

WL\ YPETT o0 s RN 23.49%, e pEpede
. SAIAPP@Gh/ %4 41 7E 200~300 °CHY, TG
M e 2218 T, X &M T APP@Gh i 48 25 7
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