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(PG4 R TR A RA D s BRI U-601GUE AR T HARARD .,

1.2 SEhAEHENTEF
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10. 14028/j. cnki. 1003-3726. 2022. 01. 007



« 58 - = i I i i 2022 4£ 1 A

JZ APP(20mg/mL.pH 5) . 3K HE i (GO/bPED ,-APP,
1.4 HmEMEENRAE

BUTE M RE R M FF T8 R 4 2 60 7 7 K B 0 A7 A D, LR A DR S0 25 3R . O — i TSR FE A
(8mm X Smm)VE N SEIE T 24 fLA T, M A 1mL 43 804E LB AR 55 9% 35 b (19 40 14 B V7 W (600nm
b B ERE R 0. 2, TR B ) L I AE 37°C . 120rpm £cF F 3L 2h, R)5 . 40 B IF BN L
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Rk Z %

AR LT A0 3% ot B e o Bk — B R, WA 2 FT/R, a 4l 2 B 2L R o 10 21 41 3% &
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B 1 SEM FHEHIE: () 2iETL4, (b)) (GO/bPED,-APP BT 414, () (GO/bPED,-APP &1ifi 414y,
() (GO/bPED,-APP B4fi £ EHY . () (GO/bPED,-APP BHiEE 44, (D (rGO/bPED,-APP i £ EH
Figure 1 Top view SEM images of (a) uncoated and coated wool fabrics: (b) (GO/bPED,-APP,
(¢) (GO/bPED,-APP, (d) (GO/bPED;-APP, (¢) (GO/bPED,-APP, (I) (rGO/bPED,-APP

Bom, UL GO #R R AL rGO J5, (rfGO/bPED , R M A APP #£ , iX 5 ATHI i SEM B 43 #7145
8.

Transmittance(%)

500 1000 1500 2000 2500 3000 3500
Wavenumber (cm™)
B2 ATRFTIR A () 4%BLH. (b) (GO/bPED,-APP #1414 .
(&) (GO/bPED;-APP &Hii £ L4 . (1) (+GO/bPED;-APP i £ 4!
Figure 2 ATR-FTIR spectra of (a) uncoated and coated wool fabrics: (b) (GO/bPED,-APP,
() (GO/bPED;-APP, (d) (+GO/bPED.-APP
2.2 BEKAMERE
1 ATAL R A B4 E BEE IR BR A8 5 22% . BEE A2 £, (GO/DPED, -
APP &M i £ B HY RN BR A T8 BB W A+ . 24 n 58T 3.5.7 B, (GO/bPED,-APP &1 i £ E 4
A B A AR B K55 T 28 00 L ik BIXE SR A B AR . Hob, (¢GO/DbPED - APP &M 1 5 & 21 W) 1 B A 45
BofE fe s k3] 3500, mANVIRAE B, RS s B R R ATR B, (GO/BPED , -APP & i 4 7 & 21 ) 1E 8 %
FF VA R 4 L B RGP B FRATICh IO R TE R B R P E B AW R TR GO,
bPEL.APP —F 4 Jii Up R VR . 76 2R THI B i — J2 2508 i ik )22 2540 BH AR B R it — 20 kA7 . Qi &l 3 Firs » ok
Zad B R 2l E B LR EE IS 15RO BRI ROR S5 2450 B RN AR — OB R & R AL .
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M (GO/bPED ;-APP.(GO/bPED,-APP Fl(xGO/bPED,-APP #1fi 1Y E LW M R TE L T 81
)2 2 T R A s 28w R B T B AU, B IR R 28 OB R I E R . ESER b R,
(rGO/bPED,-APP & 4fi it 3£ £ LU M IR A I8 BB & T (GO/bPED . -APP B 1Hfi i F B4 (WL kR D,
A —Jr 2 BT rGO B R 2450 i SR B 0l 0 AR T8k b, o3 — 7 & i T bPET 7E 1GO
F 2 V] 1 23 95 4 50 fof 5 40 ) 2 T W B AP B SE Z2 L FE SR P AR B I 2 1 TC L IR A 2 T IIT
T A B0 i 2 A0 TR B LR SRR (R 2R AT . 3X — a5 T AR [ Uk b J5 1 EDS 68135 43 A1 45 21 ik —
RS, N da iR, S B R P LR SN 0.20% , X BEREFEEBLY P AW P o
ZIRBE AR B BB Y. & 4b & dc iR, (GO/bPED ,-APP &4 (2 B4 sk 5P P oo % & i
9 1.05%.P/C WA P/O 434 1. 26 A1 16. 62, 1 (GO/bPED .-APP & 1fi i) 2 & 219 1 5% o 1 (1) P
TR TR N 2.48%.P/C WA P/O LA 50 3. 42 F10 9. 92, i I fE MR b APP RNMHZ 5 T iibk [z
N I HBE 22 B I, (GO/bPED ,-APP B4 (L B R sk i P i R/ LB £.
i & 4d W] 0L B JS (:GO/BPED -APP &M i S ELU Y P/C LA P/O & F (GO/BPED ,-APP
B E LY, B (fGO/bPED  -APP & ifi £ B LY R TIE R T 21 APP R4,

xk1 @EELYI(GO/bPEL),-APP EIHEE LY MRIREIEH

Table 1 The limit oxygen index of wool fabrics before and after modification

FE e PR R % (20
i ELHY 22
(GO/bPED | -APP & 4fi £ B 419 25
(GO/bPED ,-APP & 1fi £ £ 414 28
(GO/bPED ;-APP & 1fi 2 B2 29
(GO/bPED ,-APP &1fi £ E 4 30
(rGO/bPED ,-APP & Hi - B4 Y 35

K3 EELRPE N SEM REESRE : () 4iEEL, (b (GO/bPED,-APP i £ E 414,
(0) (GO/bPED,-APP £1fi £ B4 . (d) (xGO/bPED,-APP &4 £
Figure 3 Top view SEM images of (a) uncoated and coated of wool fabrics: (b) (GO/bPED,-APP,

(¢) (GO/bPED,-APP, (d) (+GO/bPED;-APP after burning
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Element At Element At%
c 91.03 c 83.08
o 8.78 o 15.87
P 020 P 1.05
PIC ration 0.21 PIC ration 1.26
P/O ration 2.28 P/O ration 6.62
o P
o P M A
Energy (keV) Energy (keV)
c P d
(o] o
Element At% c Element At
c 72.52 c 63.82
o] 25.00 o o 31.91
P 2.48 P 4.27
P P/C ration 3.42 P/C ration 6.69
o P/O ration 9.92 P/O ration 13.38

4

2 3 4

Energy ckeV)

Energy (keV)

EBLYREE ) EDS 3% R (a) 4iEF L), (b) (GO/bPED,-APP i £ T4,
(¢) (GO/bPED,-APP &£ E 44 . (d) (+GO/bPED,-APP & 1fi £ 4

Figure 4 EDS spectra of (a) uncoated and coated of wool fabrics: (b) (GO/bPED ,-APP,
(c) (GO/bPED,-APP, (d) (+GO/bPED,-APP after burning

T A A ) )R DRI B KR S AR BON RN = T 012, FEARSMAREER IR, HIKEESR
P A X A, R 2 AL 5B MM B UM LL, ALY SRR A
0.1616, K& M2 2, (GO/bPED ,-APP i iy - B4 W 1Y T A R BB W AL, (GO/BPED -
APP M £ EL M S A BEL . 0. 0943, F(GO/bPED -APP B i £ E LY & T 365nm %
HREREE G GO BRI rGO, (:GO/bPED - APP &M 1 2 400 (10 S 44 R B I+ 25 . R 0. 1055, {0

PIIEAR T 0. 12 BIARAE A7 & T PRIR BT KA BB S IR EESR . B, 3@ 2 (GO/bPED ,-APP &4 1 - 6

W) AR T B RS PAERE 2T 7B AW B9 Ba PR BE A VERE

xK2

ZEEE LY (GO/LPEL) ,-APP B EELAYMNERRE

Table 2 Thermal conductivity of the wool fabrics before and after (GO/bPEI),-APP modification

FE & SR (w/(mC)) FHFHAE(w/(mC))
ai £ B 0.1628 0.1639 0.1580 0.1616
(GO/bPED -APP #1fi £ £ 4% 0.1183 0.1153 0.1125 0.1154
(GO/bPED ,-APP &4fi £ E 4 0.1103 0.1074 0.1086 0.1087
(GO/bPED ,-APP & ifi - & 414 0. 0989 0. 0990 0. 0962 0. 0980
(GO/bPED ,-APP #&1fi 2 £ 414 0.0933 0. 0957 0. 0939 0.0943
(rGO/bPED ,-APP &1 3E B 414 0. 1055 0.1086 0.1023 0. 1055
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2.4 RERITA

K 5 J(GO/bPED;-APP fil(rGO/bPED,-APP i ) F EL AR TAB TR EML. b
B 5 AL H L SR B S5 800°C I B M 1 1) 2 35 4L 1 5% H¢ SR I LU 23 U RE W L IR 5 SRR, R 2 45 A el
T BRSO 09 5 JE AT LB 1k b 5 A S 2 i i a) DUAR G b 0 7 B b 5 A R A s
o, SR ELAT R B RE .

100

90 wool
80
704
60
501
40
30+
20

(rGOIPEI),-APP

(GOIPEI),-APP

Residual weight (%)

100 200 300 400 500 600 700 800
Temperature(C)

K5 (GO/bPED,-APP #1(rGO/bPED ,-APP 1&ifi ¢ & 23 4y 1y 4 Jc 5 i 2k
Figure 5 TGA curves for the wool fabrics after (GO/bPED,-APP and (rGO/bPED,-APP modification

¥ (GO/bPED,-APP Fil(rGO/bPED,-APP &4 iy £ B4 ny A R 5A N IR FE S 758 3. 45
A5 FFE 3 AT LUE I SRS 2 TR R 15 % ~ 25 Y0 B B M A 14 2 T 800 09 B A B BR TR R
LU s FURE X ] BE R TE R BRI, APP B B RR AR 2R T BEOK VTR AR BN . YRR Y R R
3590 ~45 Yo IF s = AN FE i i I EE R TR AR E R 35 Yo i R B AR fE R 308°C ~313°C L FE X
—d . (GO/bPED;-APP Ml (+GO/bPED ,-APP & 1fi i 3£ B 219 F i 19 GO 4 # I8 & A8 1R Ak
N B EE K )ZE . SRR E R 550 LUR LB M E BB ERE S TEAOMR. Y
P E IR 65 YT, (GO/BPED,-APP & Mi (9 - B AW i A F IR B2 R 584°C , (rGO/bPED,-APP & 1fii
2 B4V A TR 55 751°C , BB (rGO/bPED ,-APP R K i #4848 5E 1 55 T (GO/bPED ,-APP i
FE .35 T T AR ) BELR P R R A A A

% 3 (GO/bPEI),-APP #1(rGO/bPEI),-APP 1€ ifi 3 & L1 41 iy $4 14 &
Table 3 Thermal properties of the wool fabrics after (GO/bPEI),-APP and (rGO/bPEI),-APP modification

FE i 15% (°CH 25% (°C)H 35%C°CH 45%C°C) 55%°C) 65%(°C)
i F LY 251 286 313 338 370 440
(GO/bPED ,-APP &1fi 2 £ 414 216 271 308 338 388 584
(rGO/bPED ,-APP #&1Hfi £ £ Y 233 281 311 341 413 751

2.5 EMRE

FAT T EL A R P ) o % P B R PH A 40 B L B K i T R 4 € R A BR B L 6 LA R G B
REM (GO/DPED ,-APP I (:GO/bPED ,-APP &M i) £ B LU i AT U d PERe Mk . DR R 3 &4 J5 1Y)
FBLWXS K IGAT B TCHU R X 4 8 AR A5 IR i A R T RAFI BT TERE . X W] RE 5 79 o 20 T 1 40 i
BE 1) B3 RN R A O R AT T %) 4 ) U7 5 e AR AR A Oy S O s 4 0 ) A IR T Y A Y E S A
TR SR SR B R BE R L 25 M AT B, GO B8 rGO 5 5 41 i BE B IR AL G SE R FEAN I . WniEl 6 FIEE 4 s,
(rGO/bPED ,-APP & Y 3£ E L Wi B PE RE S 4 PUIR 3K 6420, (GO/DPED,-APP &1 i) 3¢ £ 4
BT R HEMEAR O 47 %0, A E B EUFE SN Bt e . B (GO/bPED-APP IR ZH K GO & JFE il GO
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Je s BT R R IR L R 2 2 A AR IR B AR S 1 £ 5 AR T VR T R ) AR A B 1 440 i
B, 5 OME P 4 B A R SE A A L I (rGO/bPED - APP & 1i (1 F B 42U B A 858 B A BTk P fg .

K6 FBHAWILHEIEGRE: (0 2IETLY, (b (GO/bPED;-APP i £ E41Y),
() (rGO/bPED,-APP & 1fii *: £ 4
Figure 6 The antibacterial activity (a) uncoated and coated of wool fabrics: (b) (GO/bPED;-APP,
(¢) (rGO/bPED,-APP against S. aureus

% 4 (GO/bPEI),-APP 1 (rGO/bPEI),-APP & £ E AW MR E X
Table 4 The antibacterial efficiency of the wool fabrics after (GO/bPEI),-APP and (rGO/bPEI),-APP modification

i PR (V0
4 ELY
(GO/bPED ,-APP & 4fi 2 B 44 47
(rGO/bPED ,-APP &/fi 3£ 414 64

I 2 22 W58 U 2 3 R 3k 43— 1) B9 S0 B R i ) AR B AE DR A5 AR B fr (9 GO R bPET 2 %6
FIFEBHY KM, w5 M F— 2 5 0308 09 & w2 K BL B R APP, R4S 1 HA B A4 e WL B
EBLY) . SCEE B S 0 E B A R AR B8 . (GO/bPED,-APP &1 (1 2 £ 2L 11
e FRAFEEA 30204 GO B T 365nm 2E4ME ST IE 5 . (:GO/bPED ,-APP & 1fii i) 3¢ & 214 1 B A
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Preparation and Properties of Flame Retardant and
Antibacterial Wool Fabric

GUO Yong-mei'”, GUO Hai-ling”
(1. Fujian Key Laboratory of Novel Functional Textile Fibers and Materials, Minjiang University ,
Fuzhou 350108, China ;
2. College of Chemical Engineering s China University of Petroleum , Qingdao 266580, China)

Abstract:In the present work, flame-retardant and antibacterial ( GO/bPEI) -APP wool fabric are fabricated by
depositing alternately negatively charged GO and positively charged branched polyethylenimine (bPEI) and spraying a layer
of ammonium polyphosphate ( APP) on the wool surface. The results of flame retardant property analysis,
thermogravimetric analysis, thermal conductivity test and antibacterial property analysis show that the flame retardant and
antibacterial properties of the wool fabric modified by (GO/bPED) -APP were significantly improved. The limit oxygen
index of (GO/bPED,-APP modified wool fabric was 30% , and the antibacterial rate against S. aureus was 47 %. After
reducing GO to rGO, the amount of APP adsorbed on the surface increased. The limit oxygen index of (rGO/bPED ,-APP
modified wool fabric reached 35% , and the antibacterial rate against S. aureus was up to 64 %.

Key words: Graphene oxide; Polyethyleneimine; Ammonium polyphosphate; Flame retardant; Antibacterial;

Wool fabric
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