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Synthesis of reactive P-N intumescence flame retar dant and
itsapplication in cotton fabric
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Abstract: Trioxo(3-diethyl phosphate-5-chlorine-1-triazine)glycerol  (TTCTG), a novel reactive P-N

intumescence flame retardant, was synthesized from cyanuric chloride, triethylphosphite and glycerol and
then characterized by FTIR, *HNMR, *PNMR and TG. The flame resistance of TTCTG on cotton fiber (CF)
were further analyzed by oxygen index (LOI), vertical combustion test, TG and SEM. The results showed

that TTCTG exhibited excellent thermal stability. The cotton fiber modified with TTCTG (TTCTG200-CF
with the mass concentration of TTCTG 200 g/L) showed a LOI of 27.3% while still maintained good

mechanical properties, and the flame resistance reached the class B1 of national standard of flame retardant
fabric. TTCTG could promote the rapid decomposition of cotton fabric into char at 284 °C. The residual

carbon rate at 700 °C was as high as 48.6%. After TTCTG200-CF was burned, a dense expanded carbon

layer was formed on the surface, indicating excellent flame resistance. After washing 20 times, TTCTG200-

CF still maintained the class B1 flame resistance with a LOI of as high as 26.4%. TTCTG was integrated

with cotton fiber by covalent bond, giving cotton fiber excellent and durable flame resistance.

Key words: P-N intumescence flame retardant; reacting; cotton fabrics; flame resistance; water resistance;

dyeing and finishing auxiliaries

fs HE: 2022-08-06; EMA HE: 2022-12-01; DOI: 10.13550/].jxhg.20220737

HE&WEB: ERARPIAAEES (51603194)

EE®: M (1980—) , B, 1, E-mail: 20060342@nuc.edu.cn, BEZE A BXIE4E (1980—) , &, FI##Z, E-mail:
zph2004@163.com,



%5 51

YRR, AR RS P-N K AL BELIA TR 69 15 1 S A AR 200 v i) 1

- 1137 -

FREFHEAE N A SR Fh e & R IR P4, T
HAR KA . T etk ge iz v T 4540
Tk AT B8 AR, (H R BR A TS ECh
18%, HH:H B B 5 BRI X N W 7= R A= iy 4 4 ¥ B
TERMEMT, Wi, gL BA
B S B pd BRR R EL A S A BELA P
e, (A HAR Pt 7= A i KA f R E R IR A S
O EET, T AR L G B AR R £ A
F LB R BEBRT], 2 PR e A Pl e R &
BRI R Z kv, Wik, JF& K
B8 A Uy TR0 AR 350 2 A FH BELBR 00 & R i — S ka5

M- AU K R BEAR ) ( P-N I SR BELBR ) ) e —
Fl LR . B R RO 0 B A BRI, 2 2R B A
FEZ IR R AR, SOFR by B Ak B BHAA SR . e AR
AT € TS 10 3 I 1 NI = A e Y N 1 =)
BHLIAH: AR i —w B R AR . BRIV S <R
N, FRUE SRR K B e AL AE ), — e TeAL
PR sk be v BB SR AR IR AL A, IR . R
BRlR FIBR R IR 5 B IR i), &R k2
R EZORIE, RSk 2 RIS,
wmyEky . RERE. MR . BORUBE. . EREER
A AUEMM IR, 2EAMAGY, WRE.
SR . RIMSE, IR T 2 A RE R AN
RS, RS R IZ K, TR
PEfE BRI 5 22 PN ik SR B ZEAR £F
Y (R BELR N, R RS T A RCR (R R 2502 FHAER
R TARLF4E R FR 10, (1 R AR 210 1% BRGR it
ANEREEDSY Ht, BFTE IR AL, R TR L)
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%) W= (TTCTG) , J¥ TTCTG N HFHLF
e RRR , TTCTG 43 F 45 () 2 16 ML A ] 5 2
HZ T HI—OH KASCH N, M T Hi £F
HEH B AR AR BB BE

1 LIGEs

1.1 ##El KFE5NE
—REAF . NN- RN N, 1,4
TEONTS ., IR TAER . DU, IERE . — R

Cl
EtQ OEt
N)\N \P/

| +
Cl)% N)\Cl (l)Et

>

I, k. CRROHE . AmEE ., L. BN,
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Bruker AV 400 I i Ao 4R % 154X, #i + Bruker 28 A
TG 209F3 ZIAH 73 M, #E[E Netzsch 22wl ; Motis
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1.2 TTCTG Hi#l&
121 Pk 2-BEBR — LB -4, 6-—4-1,3,5-="%
(PCC) #4m%,

S CHR[18], # 5.52 g (0.03 mol ) = HH &l
T 200 mL YR, 7R N ORI (AR TS
T AL RE . R BERE B 500 mL DY B . 27
IR ZE 60 °C, fRFFREMEE, BIZIHHE T, ¥
150 mL ¥4 5.48 g (0.03 mol ) W.#§M2 = Z Es iy H
R MEM OB, &N 4 h JEfsikm
o B RBIRAR M ERREEE, BEE, HEIRH
Rk 7.73 g, B4 R [EIA PCC, 7= 4 90.1%.
122 =&KX (3-8t — L E-5-8-1-="% ) A =8

(TTCTG) #4&m%

FREL 9.42 g (0.03 mol ) HA{k PCC #%fitT
200 mL 1,4-—F NI, FBIABCA R HUTE
FE. OB EAY 500 mL OB, ZETHEE
60 °C, PRTEFEEMEE, RZUWEHET, KHA 0939
(0.01 mol ) 7 =M F13.88 g (0.03 mol ) N,N-— 5%
NG 1,4-— ¥ (150 mL ) 2812 fin 3 Y
R, FH TLC Wa R Rtk (v ( LR TR ) -
V(e ) =1:20) , 8hIg¥ I N, gl
ZEAFE MR, AR Yt it el (v
(CBRCEE) v Ak ) =120 RFEEEH ) ,
R HAPIREAR 7.29 g, Bl TTCTG |, /3% 78.7%.
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S SCHK[19], RACEESKIRG® (V (&
B ) =V (K) =1: 1) ERER, REBERET-N L
A, Hyshnds S 20 g/L, S3 i BC i BLFHER ] TTCTG
e o 50, 100, 150, 200, 250, 300, 350 g/L
HIPEI, 40 °C TSR E LR E W+ 2 h,
B 5 T 80 °CHiit 5 min, FE7E 160 °CR54E 3 min,
S SE U, KRS, R T BT, A E R
R O S BB BE AR 2L o A =4 53l i 44 K
TTCTG50-CF . TTCTG100-CF . TTCTG150-CF .
TTCTG200-CF, TTCTG250-CF. TTCTG300-CF,
1.3 HEHRMESMHERENK

HNMR., *PNMR iilli£: 43%]2) DMSO-ds.
CD30D miil, PUH FEaELe fIkEE R 14.63 mol/L
AR N AT o

TG ML el N E A, Wi~ 20 mL/min,
FHEHE R A 10 °C/min, MZEIRIF 4L 700 °C
Y

W FR A48 £ LOL )PUL : #2L R T2k 300 mmix
58 mm, Z M [Ehr GB/T 5454—1997 { 2541 5 Bk bet:
AE IS S Bk ) AT I, RG] . B K (LOI<
20% ); A BR( LOI=20%~26% ); YEHA( LOI=26%~34% );
A (LOI>35%) .

T ERBRINR . 218 GB/T 5455—1997 { 2541
rn A b E BRI Bk ) M, FMNK BT
Bl % (K <150 mm, ZekintaI <5 s, MR
B <5s) , B24% (#i8KEE<200 mm, ZLERHET
Ml <10s, FA#ARIEI<10s) .

SEM M3 . BEFE S DI HRCD B TR AL T A
b, WA, HCE B B AR N TR
HJES 5017, HLF B 25 kV

KPR . 2% SCk® ik, 7 60 °Ck
R 3.0 g/l 2Ky, 2.0 g/l BRIREN., FHeehiPEvEik
3min, SRJE K MVERA, HARET, Wty
RBERAENKTE LR,

FrAH5E SR . # GB/T3923.1—1997 ( Z54L 5,
LUPIPLR R REES | o WSS ) B R 2R Y
M ke ) STk,

BEEHE L . e BR E EhnifE ZB W04003—87 ( 41

%40
Cl
>—N 3 OEt
N N H
EtQP>:N \_‘_ N OEt
(6} N
Etd \\o @ _<\ {/
A a
|
X 0
ca’ N K2
Et§ OEt
TTCTG

Y REHE R T vk AR L ) BEAT I
2 HR5WR

21 TTCTG WILHRIE
TTCTG WM iK1, mE 1 wJH, 7
846 cm 4k H B = HRIF | C—Cl AU 4R FREIE, 1
1028 cm™ Ak HEL = IR 5 N = BEMT % ) =C—O0—
C Z5H () 4 iR shils , 76 1160 om ™ 4b Hi PR AR iR 45
Frp P—O (45 IR sh A5 fE g, 1217 om™ kb Ry Bk R
Bah b P=0 My 4a iR shide, 7F 1467 cm™ 4b 2R
ZREILE R C=N B4R IR g, 1580 et Ak H
PBEIRER 5 =R M4 R) O—P—C HEAY (4 1R o
16 5 2967 cm™ &b Sk Bk R il 435 #4 Fh—CoHs )4 45 415 30
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Fig. 1 FTIR spectrum of TTCTG
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FEIT)E TN =EEE 2R 24 3L 44 R T
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Btk 18: 4 1: 12, 545F45#h &R 155 bR
M Z AHSAF . LI CDOD K, TTCTG 1Y
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Fig. 3 *'PNMR spectrum of TTCTG
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wPERE. t DTG fh&kmT &, TTCTG i KA
LN Ry 163 °C,  H. A3 it U B Y R e
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Fig. 4 Thermal property of TTCTG

2.3 PHBAEEIRIR AR EEHIRAE
FEA %4 TS AR 2% ( TTCTG200-CF ) 4140 A
TEULE 5, MR 5 AT, RER A FRAR 2L I 21 4h

T A A BT T & CH B CH, IR 45 45 i,
1010 e Kb Ry A 24 3 rp A B 45 F BC BiT  C
—O—C WP 4E 4 2 . 5 R BHIAAR SUY i 2151 B i
A, BHEARE LS RS a4 E 3% #E 1230, 1720
A1 1588 cmit Ab BT B MRS 43S A BELEA 5
TTCTG ¥ P=0 Mgk shig . =I5 #4
C—N fil C=N KM%idRshE. SR, 7£ 827 cm™
BT 5 = BRIRGE R TR C=N 8 1%E C—O—C 4
fElgE, X JEP S C=N A m M FREH, fiff C
—O—C HHFIg KR, AR BT M shtY,
WL L AT LA, BRI TTCTG 2 T4tk
H) C—Cl 5834 i9—OH AR iR T C¢—0
—C, ULBABHBA i 1 A B S AR 2T 2% o — 1A

FELIAFEN)
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El 5 FHEARE R 2L NSRS U FTIR 35
Fig. 5 FTIR specta of flame retardant finished cotton
fabric and cotton faboric

2.4 BEBAF A 2 T4 £ 9 FELER 14 B8 RO 22 M

ANF ) TTCTG BB B AR S TTCTG-
CF) i B Z5 S W3R 1, TTCTG-CF (Y1
BB IR UL 6,

F 1 ARAE TTCTG P E AR 2 i3 5 R

ZE IR
Table 1 Results of vertical combustion tests of cotton
fabrics finished with different content of TTCTG

RAFI TR Sk P Bk FEM

I(g/L) mtElis  WHEls  KEE/mm g5
IR EA 0 37.0 2.1 — —
TTCTG50-CF 50 5.8 0 300.0 —
TTCTG100-CF 100 3.3 0 300.0 —
TTCTG150-CF 150 2.7 0 300.0 —
TTCTG200-CF 200 0 0 136.0 B1
TTCTG250-CF 250 0 0 70.0 B1
TTCTG300-CF 300 0 0 50.7 B1

T —UEREA BRI G
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Fig. 6 Pictures of cotton fabrics finished with different
content of TTCTG after vertical combustion tests

M 1 FE 6 TR, Bl AR TTCTG M
BN, TTCTG-CF MM E KRB W hn, T Bk ke
Je B SRIRIT ] . BHBRESTA] . AR Db o S BHAR
#| TTCTG ByJH K 200 g/L i, TTCTG200-CF 7&
BRBETFET AT LA FAE, SRR )RR ]2 O's,
WA A 136.0 mm, FAEIZ5 41 BHER B1 259 ;
YRS BT, TTCTG-CF B35 B 1 B8 3%
W, BIRR g AU B kRS BL YL, HY TTCTG
Bk 300 g/l B, BHERECELS R 219 W 8 &
W, HEZRB R,

X} TTCTG FHARFEHL AR 21903047 LOI P,
ZEIRWE 7 R

32
30} P

28t
261
826
24+
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15|0 260 250 360 3|50
TTICTGHE/(g/L)
El 7 AFEIAE TTCTG BHEARE ARSI LOI K45 R

Fig. 7 LOI test results of cotton fabrics finished with
different content of TTCTG

mE 7 v, 4ifigiy) Lol b 18.1%, i
TTCTG M, PR ARSI LOI i 3%
o, TTCTG MY it v & 4 200 g/L i), TTCTG-
CF &5 5nl ik 27.3%, B TTCTG200-CF nJ ik %] ¥k
PR
25 TTCTG-CF W= tEaENiK

ARHFR TTCTG ALFH 2V SRR R Y R HL
BRCPE BE R I L3R 2,

# 2 AFEHE TTCTG FHEAEHEAR SV i hd 58 ) 5 b
HEE

Table 2 Tensile strength and stiffness of cotton fabrics
finished with different content of TTCTG

R RLAER JIIN S SRR 3N BEHERE /mm

4t Y 878.7 480.4 30.6
TTCTG50-CF 864.5 470.4 41.2
TTCTG100-CF 830.1 463.8 435
TTCTG150-CF 816.7 455.3 443
TTCTG200-CF 782.3 449.7 45.7
TTCTG250-CF 732.3 433.2 47.6.
TTCTG300-CF 705.5 392.6 48.2

3R 2 AT, i 219 26 1) i b Al o ok
480.4 N, 2 fdaE Ik 878.7 N, K% TTCTG
FHE BT, BEIR X RS 218 i A s 07 () B 2k 3%
WM, X4 TTCTG & ik 1S hin 2 300 g/L B, 44
LU R R 7 BRI R B oK . 2L T EGE
BB HE L VEAL , SEAR 2 R REHERE S 39.6 mm,
Wit TTCTG FHE R, BRI i i A
fr BT, R TR RN ARG, U B BER ) B
PIARLURSR BE AR 4 R AT I8% . 2R A BHRME R AL
22 B BHAR R TTCTG Ay &4 200 g/L,
HFH AR (AR 21 TTCTG200-CF 1 BHAA L 1] T
ik Bl %%, LOI Jy 27.3%, KFIMERE N . R
TTCTG200-CF AJ {45 R 471 12 PR RE , A2 1) hir f i
[k 782.3 N, b g Jiik 449.7 N, RHHLRE
{BEARFS 45.7 mm, HA RIEFA TR
2.6 TTCTG-CF By iaE AL MR

X TTCTG200-CF #E17#EmEL, 455K 8
M 3,

100 | —=— 4Ry
—— TTCTG200-CF

o0
(=]
T

[=2)
(=]
T

B/ %
N
(=]

[\
(=]
T

0
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&/ °C

K8 TTCTG200-CF LML TG HiZk
Fig. 8 TG curve of TTCTG200-CF and cotton fabric

# 3 TTCTG200-CF i #ha &l
Table3 TG date of TTCTG200-CF
Tonsed°C  Traxt/°C  Trmax2l°C 700 °CH% 5 % /%
4l 297 357 — 15.9
TTCTG200-CF 223 284 406 35.6
W Tonsa: WIRARIRE; Tmaa: 8— 00N B K5
BRIBEE ;. Tae: 5 B BOR R s R IEE
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& 8 fZk 3ATLIEH, X T R ILN
KRy, HAIUR IR Ny 297 °C, BUH A EI it
KSR FRAERIX . S48 Z 50 TR 3
B X ] fE 300~400 °C, fix K i iR K
357 °C, 7F 400 °CHI#i T 76% itk , XJEH T
GRS T LAFEHEWZ S & 1) — R YK E 5|
P R 2R AR B AR 27 4 7E 700 °CH AY5R A AL
7 15.9%, Tfi % T4 TTCTG FHIA R B 1 45 2140 1l F
A R BY B o 55— 2 [y BE ) 2 B B X ]
fF 200~300 °C, FEH MLFYEE > FHETT iR 246,
TTCTG 4+ B BR 2544 7 ff A U R W IR, SRR
BB B K M, R0 2T 4 2 RE AR S IR 19 T X
RG22 B T T B i) 3 A L Y
1E 300~470 °C, W B 35 % £ 2 B 2R I 1 5 |
e, TTCTG 437 Y & ok i 45 H0 A A ad it rprn]
Az W J2 B 3 T £ 4 R R K PR AR 21 5 AR
e By 3 3 A1, TTCTG200-CF (1] 14 4y fif
BEERE R 223 °C, 5—Br B KRz N 284
°C, TTCTG 7E 284 °CAHREME # AR LU PLis 43 hL
&, 700 °CF B R E AN 35.6%. LLLZ5HRE
W1, TTCTG 1E R PERE R AT B R, REASA b
1E 2T 4 i 10— 2 4R e
2.7 TTCTG BEEATR R RO 57 ik

TTCTG200-CF 1A A & B 1) fd 8L R e I
By 5% % SEM &l anfEl 9 FIrR .

a. c—RLMMEIBL; b, d—TTCTG200-CF
K9 ARIBCRAE BT M3 210 BLA B PR 5 5k 7% SEM ]
Fig. 9 SEM images of char residue of cotton fabrics before
and after flame retardant finishing at different
magnification
M 9 AT, RBHMREE IS IR S, &F
AEZER R TRRRIN, AR B EIR, ot
2. i TTCTG200-CF KAKE 5 A il (RAF 2T 4 2544
HISERE , SR YEaS iR Z AR Z KR 2 HRZEUE,
XIEH T TTCTG #ARHRING, B R P AL

iz ks, #—HRH TTCTG E—FLR
F14) B i R BELIER 551
2.8 BEBAHE L84 Bt 7kt B8 I

X} TTCTG200-CF #ATT AK Pl , 4554 0
% 4,

# 4 TTCTG200-CF A [RIPe M KU (1 B P fE
Table4 Flame retardancy of TTCTG200-CF after different

washing times
IRPEUREL SeiRistR] /s BARART NS #1584 BE/imm LOI/% BHIAZ 5
0 0 0 136 27.3 B1
5 0 0 136 27.1 Bl
10 % 0 0 138 27.0 B1
20k 0 0 144 26.4 Bl
30k 0 0 153 25.3 B2

2 4 Al A, 7K¥E 20 k)5, TTCTG200-CF fH
IR A AT 3K B1254%, LOI A3k 26.4%, REff4FR
R BHIAPERE ; JKUE 30 kUG, PRSI A Ty m,
MR B CLIA R BRI 1], FHARSEH AT IRF] B2 2
A1, LOI Ky 25.3%, W{RIpRca AR . X F 2L
2 PR R BEAR SR v () 3 M U T S R AR 4 R A
RN, HASFHAR] TTCTG SHRLr 4EIE ni 4
M 56 4l oy — R, T LA R A A i K e 1 e o
2.9 7Kk 20 R IEHIBRAIE AWM SIS

i SEM WM Kk 20 ¥k 5 TTCTG200-CF 1Y
RIETEH, 4R ILE 10,

a.c— AL BHIR I B AR 2 ;b d—K %k 20 Y5 19 TTCTG200-CF
E 10 ARREBRFEECR KE 20 G 9 TTCTG200-CF [
SEM [&

Fig. 10 SEM images of char residue of TTCTG200-CF
after washing 20 times at different magnifications

m & 10 Af W, JK¥E 20 Y5 TTCTG200-CF [
FETH WE AT RLRE , OKE T — 25 R B A — 2 R
W TR, Saifmgi R (& 10a.
c) , R&MBRIIMLT dERmyew, hukrr i, Kk
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20 Ja, BHAAF TTCTG 15 R I 3t B 25 T4l £F 4k
Bk b At U B BH AR 2L B R TR K
P, XKBERTE B BLAR 2 TR R IE TR N & i
AT TIRE, 45RFE 5, MR 5 alAl, BHRIE R
Ja MR 4EfE K YE 20 )5, Hr N TR ES
BONKBERTI 1.88% F[#E] 1.26%, HiLt4EFR w1
A7 BRI B AEAE o BEBHOKYE 20 IR, Mt FRiSF 4R
) TTCTG A B ek, #—5 Ui %
| TTCTG Ster4t z Mm@ A%, TTCTG
SRR 4 22 18] AT R 4 A AH Rl

# 5 JKPERTE TTCTG200-CF ' N JLE & #7281k
Table5 The change of N content in TTCTG200-CF before

and after washing
JRPERTN BT A340 /KPE 2005 N TR 5340
TTCTG200-CF 1.88% 1.26%

Syt — B BHEA R TTCTG S5 4F 4] 238
AR AR I, XK EE 20 )G B9 TTCTG200-CF i
e sheigmig, 4558 K 11,

KPE200R IMTTCTG200-CF 1T e 1o 1)

3300 3600 2500 2600 1500 1600
WeE/em™
B 11 4414 F1 TTCTG200-CF /K ¥k 20 WIS FTIR
T E
Fig. 11 FTIR spectrum of TTCTG200-CF after washing
20 times and cotton fabric

M 11 AT, 542 asEiE A E, UK
Pk 20 YK J5 1 TTCTG200-CF 4140 i &l 3 v 7y {5 28
T TTCTG MR AE MR I , 76 1247 em™ 4b J2: FHAA
TTCTG 53T kR ER 45 #8 h P=0O RYRFIE i 45 PR 20
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