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18H.O 73 #r 4l 4k % i o FREX 2.84 g 1) Na,SiOs - 9H. O,
6.66 g i1 AL(SO,);- 18H.O LA LA IT & Fea(SO.)s, 43 il ¥
T 100 mL K9, #1453 0.1 mol/L i) Na,SiO; /K& # . 0.1
mol/L 1) AL(SO.)s 7K ¥ ¥ LA K ML F1 Feo(SO.); 7K ¥ o
TR 3 MK SR IGfE = N ikAT, BB A& T8
HI 7K ¥, IR ¥ 51 )5, &8 B 10 min, I\ Na.SiO, 7K %
W, B E 10 min, $i BIEHLTE =TR A
A 52 SRR 30 mL (L& 7 LB T 6 AN
AL(SO.)s Fes(SO.L)s Al Na,SiO, 7K v ¥ 44 FH EL 1 B 77
DR 1, HANWBE WK 1 FR. B AR A TUEY
A, F AR 77 35 838 W W, B IR BRI 32,65
5%.1#.2#,
F 1 3HOKERRS MR MR

Table 1 Proportioning of three aqueous mixed flame retardants

Zﬁ] = Al(SO,); 7K Fe,(SO.); 7J< Na,Si0; 7K
’ WA R/ mL AR/ mL AR/ mL
1% 0 25 5
2% 25 0 5
3% 10 10 10
4= 10 5 15
58 10 15 5
6= 5 15 10

1 6 FhR[E ES L B BE A% 770 S L

Fig. 1 6 kinds of flame retardants with different proportions
2 LT s BEBAT M BETR R
2.1 PFHBAMERE

K KN HR ] 0 B gk 4R Th 2yl 58 IR NBC ELAF I 5 A
BELIA TR LA S i /K 3R N 3 s Ja » BUHEEAT 5 min K5 T
AR BT AR B, RS WS A B ) AR IR, PR
E PHMRRACR, 45 R IR 2.

TH KR WL ) AR TR R e e bR SHBE AR ROR e i 5 R
THT £ 404 68 RT V T o R T ok B VA R 5 8 T 9% 1 B e
Ji 45 3 LT A, T 8 1 N S A BRI
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TR BEIR RCR AT EWLEHE | 0 BELA RO B DA e
ZI A AT TR LR B S2 56, JF X R R AT T 40
To K a7 mAE SHEFBRFIANE KRN 3 s, AR
A1 em, BUH G HEAT 5 min RS AT 0 #CH R ) 4L b
I B SRR — I, AR AR W E 2 Bs .
x2 FEMBRE

Table 2 Comparison of flame retardant effects

RELA I TR
1# 8 s MR A KT, TE W) R BHARACR
2% 8's WIS, A KT, TE W] S LA AR
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4 40's WIS A K L To
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oK, T BELAA R ARy AE R GE AT 30 R ARVINI) i o R 60 s
Ja » BELAA TR A v th B A R B GE » R 32 34 7 S B 41
W, KRN TR SHERBELAT B BLRROR R4 .

(a) J KR4k

(b) SABHMAFIMIRAL (o) Wik SERHIAT4E
MR R TIAE SR 60 s S5 i ke 1]
B2 BRlExtibE
Fig. 2 Comparison of the burning effects
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N1 B ARAGEE 7T ¥ SHBEIAR LAk L Bt
770, IS B RBOR BEAT TR . S5 R 3. W]

DA H T R 80 SR AN, 52 RER ) (1) PELIR 38R A £
R 3 S#RE LSRR BRRA B9 PR RA IR X L
Table 3 Comparison of flame retardant effects of 5# flame retardant
and its two component being adjusted slightly

FIH FTT BY4E I B AT 5T 7 99 2L RE i R AT
9, S8 3% 1SO 5660—1 HEAT , 58 4 58 58 35 kW /m?, X
PR G KRR T o T 5 vk S 4R T S 57 e XU P
6 h 3 KT I WO B 4 d, B A4 T O E — e .
PRIGERT 5 FOFA 445 R 3 s

CadXPLERE—1 BESL BRIRAT (DX LR B i AR S5

COSEBRMRAN -1 BE & RERT (D SERRIA -1 FE & IR S
B 3 BAEERTEHIXT EE B
Fig. 3 Comparison experiments before and after combustion
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HE B 45 B LR 4. 7T LLE W M LT X L RE
R B SR ZU AR5, SH BRI AR 46 2 b T B IRIR S - 7E B
PR TR 7 T, BRI B BB /N T EERE R 1745 42 1
77 T T S BELA R R B 2848 C0.05 @) A X LA~
B (2.3 @)Y 1/46. AT LLHISE , SH#BEIA R ) BE R R AR
WRE.

F4 EREHIEZHEIE
Table 4 Comparative experimental data of cone calorimetry

PkHR AVHR

TTP THR , o | P

v TTI| R R TSP | ¥t | i |,

PR ow | R e | MV e || e | TR
mZ - mz

XEGRE—1 | 27 {120.8] 135 | 46.4 | 16.7 | 3.8 | 11.9 | 11.2 (94.4%

XFLUFE—2 | 26 {108.5] 155 | 46.8 | 16.9 | 0.8 | 11.9 | 11.5 [97.0%

SEFEBAAI-1| — | 19.5] 225 | 13.3| 4.0 | 0.1 | 13.3| 10.8 [81.3%

SEFHBAAI—2| — | 20.9 ] 225 [ 13.8| 4.1 | 0.0 | 13.6 | 10.8 |[79.5%

T BB 20 T RIRIRES e TTT BdEThric. TTI Ji A
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x5 SEMHAREE
Table 5 Permeability of study data
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Table 6 The reaction to acid

Y B AR AR Table 8 Changes under heating
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Table 9 Changes under static condition and open to air
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Table 10 Changes under sealed static condition
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Table 7 The reaction to alkali
s | Non oy s 52 B
1% 1 Hm
2% 2 n
3% 3 W TR € TG A AR AL VT
4% 5 i
S5 15 A5
6 20 5] — BRI T &fﬂ%@%‘iﬂﬁﬁiﬁiﬁﬁ\ﬁiﬁ
E i

== ‘;ﬁ
LRI ||y g i, vt

s, g LRI G
pag frsys | PR IBRRER

AT AR A L

36.48.72 TR, AR

B

2.3.2 =Z#Fawtt

R 9.3 10 Al %0 : SEBH LA A TE 6~8 h I FF 4548

BF ¢ (e BARZE 2R ClapyiA s de il IR SR G ufnic Uil st o SRV AP ER ol oo ecieas R e MRV & Balk) it

FRR 5 min J5 KDL, 45 R IR 8. WIS LKA 4E
118

BB s YT — 5 BB & BB G , BRSO aAe e s %

Fire Science and Technology,January 2022, Vol 41,No.1



B 5 WOT PR A7 I TR AR I 5 H ot mT L, Bk 1 5 2 B2 ) VR T
e, E 2 ® R EUAMA S RAT . JF L IeiE,
H 43 A1 SN 1A R 2 Bk R . BT bR g iR
BRI AT LAR 3 BloK IS W o FE A7 A BT AT IR & 107
VEREAT AR AN T 38 G i B R R
2.4 A A

6 51 TEALBEL A A4 R BELIA 5 77 2K 1R B B 0 46 Fe.Os\
ALO; SiO, 1 SiC %5, # 2 J6 2 @l AF H & WAL, X
WA fad . Efcab e, v % DU P2 3R3EAT 8 fr ik
Bt & 4 5 L HLER (HCL 5% H,SO., 0.05~0.2 mol/L) B &
WG, G0 58— U8, 19 2028 — IR 26 — IR s 25 —
JEVE 5 WL (NaOH 8 KOH, 0.05~0.2 mol/L) &4
e, IR 50~85 CL, 3T 58 G uE , 15 81 55 R A
55 YRR SR RSN SiC s SR TEHLIICR 5 — SRR ) pH
WA 10.0~11.0 )5, & 58 =ik 38, 15 2028 =38, 26
=S AI(OH); f Fe(OH)s: ¥ 5 385 LML R
HIERIG 5o 38, 45 2058 DY IR Si0..
3 4 it

TEHLTG <1 AR 72 A HS T 280 4 1 BELABR 2, (122 BHL R 71
TERBIL 8 h Ja & K AL B o il ) N, 5 B BELIA TR A 5, B LA
%R KSR e o FRAF Al R TR A k.
b, ZTCHLTE =0 BELR 700 IR Joe 5 7= P G 5 HL & 1 Rl %
WA fa o AR 5 T, % BH SRR AT DR I b B0
EEM AT IR AL

SE Mk

(1] S8 95 3% [ I S5 1 By B 2 1R 09 S e [T 38 B B2 5 1R
2005,24(11):663—671.

B RS H A, 2020,39(7):1026—1029.

[3] ks, I 7231 B B 300 P & e AR 5 J BR[0T B Bk S 4
AR, 2005, 24(7):488—490.

(4] Gin. 3% I BHABR A A= 7= BUIR 5 % TR R 34 [T ] A6 T8 SR R, 2001, (8):
5-6.

(5] WKW, i A ik & TR BELA B RE B ¢ UT A AR TT. 8744 kL k., 2006,
(10):32—36.

[6] B 7 i, 2= 8 XU, 8 oG BEL R B Rk 1 IF 5% B oz FH 255348 [0 1 R 4k T
2019, (11):87—88.

(7] BRGNS , b3k SERL R 50 17 I B S KR [ A4k T 0k 2 b i)
##,2004,(2):18-21.

[8] FIA 22 BHARMLFL A I 52 [T ]. A Toll A e 4, 1988 ,(8):44-52.

(9] #iAR], s AT . BEAR A AL 1) & Jo AR 5 B S M [T B 445 B8, 20116,
(11):186—187.

(107 %38 i BELRATR A b PR BT 8 o JR (). RARBHEE , 2020, (22):47—49.

(117 %9t il BH AR R & e AR 5 a3 A [T]. g B 4, 2011, (11):

136—138.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

AR EE 4 K 20224 1 541 B 1)

[12] BEERB. A TR A — R BRI A5 [T, N AE T2, 2019, (9):
13.

(137 34 BELAZR 390 A0 BELJR A k7 FH o (10 B85 ) 04 52 [0 ). 96 B B A 5 7= i
{5 H.,2011,(4):38—40.

(147 s, SR, L5 2, 55 PR Tl R i S Ak % 5 8OR[T]. 5
SrFR RS TR, 2002, (1):17-21.

[15] # o [, 825 22 VR DEbe. JCHLBR AR A IF 5% 2E SR 0] 4k T3¢ , 2008,
(2):45—48.

(167 A TF e, dkednk, ok 2 M. 25 ek BEL A 700 19 1 AP 5 0 JRe [0, 7 Ak T,
2016,44(5):3—6.

(17] BRI, 5k B 3 W 22 8, 45 70 b BELAA 2R 45 W 400 10 O BF 5 ke (0. &
S IE S 38K, 2016, 33(4):72—77.

Fabrication and properties of halogen-
free inorganic flame-retardant solvent

SONG Yi, MA Wen-long, LIU Jun-ling,
YUAN Zhi-zhong

(School of Materials Science and Engineering, Jiangsu Uni-
versity, Jiangsu Zhenjiang 212013, China)
Abstract: The flame-retardant effect, stability in acid or alkali-
and thermostability of solutions prepared by three kinds of halo-
gen- free inorganic water solutions were studied in this paper.
Results show that through comparative combustion experiments
of seven samples, the solution with the best flame-retardant ef-
fect is the one with the ratio of Al,(SO.);- 18H,0, Fe,(SO.); and
Na,SiO; - 9H,0 as 10:15:5. The paper tissue soaked with this so-
lution did not burn out after 190 s. Its total heat release (THR)
and total smoke production (TSP) are only less than 1/4 and
1/46 of those of the comparative sample, respectively. This solu-
tion is stable in a small amount of alkali and with temperature
under 70 ‘C. Moreover, the residual after the combustion is de-
gradable and easy to recycle. This flame- retardant solution is
easy to fabricate, low cost, remarkable in flame retardancy and
environmentally friendly.
Key words: flame-retardant; environmentally friendly; combus-
tion; THR; TSP
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