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Study on influencing factors of radiant heat protection performance

of firefighting garment fabrics

Lii Huan, Zhang Xiwen, Tian Huanrong, Guo Jing, Xu Yanyan
Shaanxi Yuanfeng Prosafe Co., Ltd., Xi’an 710025, Shaanxi, China

Abstract; The protective performance of fabrics was characterized by radiant heat transfer index
(RHTI). The influence mechanisms of fiber material blending ratio, fabric structural parameters
and calendering finishing process on the radiant heat protection performance of firefighting garment
fabrics were systematically investigated. The results showed that the radiant heat protection
performance of fabrics could be significantly enhanced by the blending of polyimide (PI) fibers and
aramid 1313 fibers. Under the same areal density, superior protective performance was exhibited by
double-layer fabrics compared with single-layer fabrics, and the optimal inner-outer layer density
ratio was determined to be 2. 0:1.0. The optimal calendering parameters were determined to be a
temperature of 170 C , a pressure of 0. 8 MPa and a speed of 25 m/min, by which fabric surface
smoothness was improved and infrared radiation reflectivity was enhanced. The study demonstrated
that enhanced radiant heat protection performance could be achieved without increasing fabric areal
density, providing a theoretical basis and technical support for the development of lightweight, high-

performance firefighting garment fabrics.
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Fig. 1 Radiant heat protection performance tester
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Tab.1 Test results of radiant heat protection performance for fabrics made of different fiber raw materials

P L YEFh 2 LT L JEEEM S HBE/ (gom™?)  REJEHEH  RHTI 24/
1* G4/ T 1313/ 54 1414(60/20/20) 2 S 200 — 11.0
2f  BHIREERCAF 4L/ 54 1313/ 554 1414(50/40/10) B2 S IZ4 200 — 10. 4
3* Fa 1313/ 54 1414(75/25) 2 & 200 — 13.6
4* F 1313/F54 1414(95/5) R S 200 — 11.8
5* aiFF e 1313 )R Far 200 — 11.5
6" Y 1313/ 54 1414(95/5) S L 230 — 12. 4

K2 I 1313/754 1414(95/5) .
# . = N7 .
7 L2 B4 1313/ 54 1414(95/5) W)= et 230 1.5:1.0 13.6
EIZ .Y 1313/ 54 1414(95/5) .
i : = 230 1.5:1.0 14.1
8 HZ. 4i55% 1414 Wz P
25 1313/ 54 1414(95/5 ,
9* KJZJ5t s V(EYS) = 230 1.5:1.0 14.4

B2 RBE £ 4/ 5548 1313(50/50)

RHTI 24 (B 2 8] % 22 5 AT UL S B St 44 7
PHERBRIILS , AR BT I AN [R) £F 2 53T B B i 4
PES RS W RE R, IEEL  BLAS
WEET 45y 1 4 & KB5S HE, 76 21 kW/m” B 4T 34
W RFSEAE T 2 K AEWTBE Ol 2T dESE R
HBLFLI S i 4 |, 2 AR B B 25 H R 58, R A
] B L) ; 2l 07 KR DT I R AR
Rl # A8 ) AR5 FHE L A R, 2Dl 5 He
Tt T PTEF4E 5 eh NI IR S e 34 5 0 5 658
BALHEA AL, C =0 . C—N b7 f B g e v T 3
BHARET 4, R iR AR I N AN K A o TR W24 5 R
il 27 22TV e 25 AT T A5, — 5 TG T 20 A
77 A 22 BN 5 B I SR e R R, 5 — T T

REMERIA A X R 4t B B SR, Y PI
Y 5552 1313 IR, PIAHZE 4 i & i $AA
L PLEFHEAE R S S AR M 585 2050 A G fig i, 548
1313 R SeAHAE R S S5 00 58 3 1 AL itk 9741
FE A A AR B L

2.2 LYEEHAXT LR SR I BE O B2
2.2.1 B84 EH#

SE RG] SR AR 1 B AR 5 SRR,
PRSP R RE A B e R E . X LR 1 P
20 6" LU 5XUZ 1 7 21 i A5 SR & B, 6741
YIH) RHTI 24 4 12.4 s, 7" 409 B9 RHTI 24 K
13. 6 s, FHIRUZ L) 1 58 5 AR 7 47 K8 B 0 T
NSt/



FUE PEBGAR o
2026 F£ 5 8 8 Technical Textiles ke IS 1

X2 G5 A 3 = EEE TP 7 T — S AUZ 4G
F N IE B 1k 28 AU, B R S IR E A N
0.026 W/ (m-K) , B FEF4EprkL, AT b 200 (- $u%
T TIRNURA) 5 R BN R AR — e 2,
6" UYIEE N 0. 696 mm, 7" U IERE Hy 0. 725 mm , KL
JELERE R AR S B A AT E— 20 S A A S A% 3
2, R B P ROR |
2.2.2 HYAR

LU 2R R 2N 3 I RORHE 5 24U LR
JEAS M AR B P8ORS T 4 2
AU s 241, R L EE 60740 19548 1313 5
RN 4 60/40 , 2P 2R L8 % FE X R 21. 1 texx2,
LU Y 0y 285 M/(10 em) , S 20 E N
198 #2/(10 c¢m) ,

ML R W% 2,2/1 REC PR RHTI 24 5
Ko 4 HEY D LRL BT 2% B A 20 5% B 56
A3 e AR E SABCR T 22 5 2R
SRR RE B 3R )2 RO S 5 IR EE T 1 FLBR B
YO, PSR SR AR R
i1 BRI AN | 1AM S R A 18 S 5, KT
REMC SIS ;3/1 LAY A = R T 84t
YTt it 3c LN B KR T B, 20 2R R hiA)
] G I 3% 252 DA 9 FL BT, A S A AT 7L st e gt
R E2LWIS I ;2/1 RIEBYIERK&E T, RIZE
PG BB RO X, KRR 2040 SRR [t
PP 78 R ACEUS VI IR 25 B FL B, BH T A
i AR SO RHTI 24 845 T HARHL181),

®2 FRARAWEESRP NI ER

Tab.2 Test results of radiant heat protection

performance for different weave fabrics
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Tab.3 Design of inner-outer layer density ratio
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Fig.2 Influence of inner-outer layer density ratio on

radiant heat protection performance of fabrics

&l 2 MRS SRR W] B R B R 1.0
1O RZE 2.0:1.0,RHTI 24 M 14. 4 s BZHERTTE
17.2 s, YRHEBEEE I —PHKRZE 2.5:1.0 #],
RHTI 24 Feifi FFE % 16.4 s, sk b5 2% THE
MR 3% BLJZ 2 FE LEOGHER SRR i AL 7 Bk AR
(Bl 3) BARCE G RN, S HET 2.0:1. 0 B,
RIZDLHATHNS , LM T KR 2B R ZHGE N
PSR Y IR TR 2.0:1. 0 I, RIZL L HEA
B BT RSO A, BLZ A BEAA R it e
i k2 SRS, B BH R 5 25 SRR A B[R] A #EA4E
FH YT Z 2.5:1.0 B, L2454 55 Ths ik, 2
SIZEEE LR A PR T A B i A A )
i, B 2R AR B P R R IR
2.3 [EEIEIHESEHP LRI

L) 3 T RELRE 3 ) 2T A1 B ) RS AR



FEUHRMARE Vol. 44
k ks " Techni .
echnical Textiles Aug. 2026
- . = y 134
HRIN PSS RIS PR R A
132 F
13.2 132
13.0F
/13.0
F128F /
RSN o /
HRIN AR T 5 B /
D261 /
/
B3 R T ReAT R 6312 a4k /
Fig.3 Propagation paths of radiant heat source in /
double-layer fabric 1221 ‘12.2
12.0 1 1 |

R MR AT (LT AR b R b il 5
5 55 s KR SR 18 B = e — R ST, Ak Bl 22 I 3
S, B ERERREAG LG T2 i v R v AR
AV R HE R YD R, (2 2k HES oA
B MR T AN SO AR . SR B R AR i AR
SEELIGIRE | A7 Kk Bk 4 v BE 1 B | 3k
4* BUIPR ST S R B L) S AT A 1 g 1) R
JEEEE A 0. 696 mm , AT H 5 BB B 1 RIS o) A 7
PGB (21.020.5) kW/m’,
2.3.1 HABEEXZRGHENYH

MEDCE T S ELOCHEE 435 0.8 MPa
25 m/min B, FLOGTE BE X 23 49 P BE A4 5% i 4 4] 4~
B 6 frs, FfEFLOGIR BN 130 CF 2 190 C,
RHTI 24 M\ 12.2 s #4% 13.2 s, ZWIIR & T vl 42
BEAF AR FHE BB RS LRI B PEIR DL
Jee R B B D' T R T SR [ B T R S, AT D
ZL AN ; 28 1) W S48 7 £ BR8N 96. 5% D218 T %
2 94. 2% , FKW Ei o 7E — 8 R EE L s 27 4 3
M ZEA A, B AR A SR, (R ARTT BE i
BN EF AEAE O B AT RE AR R AT 1) 454 5
Bk, 20y R E WK 0.690 mm & #HT MR
0. 685 mm , 5 I 1 A% F /N i 3 3 TR BE
T LR 43k e R IEF N R 2 31— B
(Y e, (H R B AR AR BEAS K T e 4 P sy 4 et
P WA TE EE SRR, 56 KW IR,
170 CHR I BN I T 228, ZiRE T
RHTI 24 #2712, 58 77 08 B A4k T3¢ i 7K F, 34
Biidr 5 1 2E e R IR BB LT
2.3.2 HBEEAMS RN TR

MEDGIRE 5 458 150 °C Fl 25 m/min
i, SLYCHE 1 I RE A S i an i 7 ~ [/ 9 s,
Rt 5LOCHE I 0. 6 MPa 35 K2 0. 8 MPa, RHTI 24

1 1 1 1 1
T120 130 140 150 160 170 180 190 200
LR/ C

B4 LR AT R AR A A P AR A ¥R

Fig. 4 Influence of calendering temperature on radiant heat

protection performance of fabrics
97.0 -
96.5 ~

96.0 | ~_ %.8

95.0 |

v T 245 ) £ B 2%
Nel

%

94.5 1 \
\94.2
L]

94.0 1 1 1 1 1 1 1 |
120 130 140 150 160 170 180 190 200

FLotR B/ C
A5 HARBESZEaBARAIRERGT R
Fig.5 Influence of calendering temperature on retention rate of

warp tensile breaking strength
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Fig. 6 Influence of calendering temperature on fabric thickness
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Fig. 7 Influence of calendering pressure on radiant heat

protection performance of fabrics
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Fig. 8 Influence of calendering pressure on retention rate of

warp tensile breaking strength
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Fig. 9 Influence of calendering pressure on fabric thickness
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Fig. 10 Influence of calendering speed on radiant heat

protection performance of fabrics
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Fig. 11 Influence of calendering speed on retention rate of

warp tensile breaking strength
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