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Influence of metal impurities on properties of ammonium polyphosphate

LIU Wei', LUO Xian-ming”, HE Feng”, LIU Chang-rui' , CHEN Kui'"
(1.School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China;
2.Sichuan Lomon Phosphorus Chemical Company Limited, Deyang 618200, China)

Abstract: A high polymerization degree Il -type ammonium polyphosphate ( II-APP) is prepared via high
temperature melt polymerization process with diammonium hydrogen phosphate ( DAP) as raw material. XRD,FTIR and
SEM are employed to characterize the product sample’s structure and morphology. Taking water solubility of the product as
quality index, the effects of iron oxide, magnesium oxide and calcium hydrogen phosphate as well as the content of
impurities on the water solubility and morphology of Il -APP product are evaluated.It is shown from the results that the
impurities, within the designed experimental addition range,do not affect the crystal structure of Il -APP,but can offset
the infrared absorption peak in the range of 1 100-850 cm™',reduce the polymerization degree of II-APP and increase
its water solubility. The solubility of Il -APP product obtained can meet the requirements of China’s national standard
when the concentrations of iron oxide, magnesium oxide and calcium hydrogen phosphate in the raw material are lower
than 0. 364% ,0. 122% and 0. 163% of DAP mass concentration, respectively. Impurities generally affect the morphology
of II-APP product.Excessive impurities will make the surface of polymer particles rough and increase the agglomeration
of products. However , when the addition of magnesium ions is lower than 0. 182% of DAP mass concentration, the particle
size and morphology of II-APP product are better than those of the product without impurities, indicating that an
appropriate amount of magnesium ions can modify the morphology of II -APP product.

Key words: ammonium polyphosphate;  wet-process phosphoric  acid; influence of impurities;

characterization method

RWE TR 44 (APP ) & — Bl JC i JC 75 150 450 1 B2 ik
RIRHBRF, [F) s 55 A 0l A 2 FRBHBA TR, 76 = iR IR
BRI TCA #E R A TCIE T, N ) i K S
6T H BH 8 1 fi8 1 I FH A 5 2 BEL KR €0t S 7 A4
AU BT SCRRARGE T, APP A5 6 Fh s AL, H AT
gifgka g HE 2 T b oA T 8 5w iR &%
( 1 -APP,RE ¥ <20) Al Il RIR#ERLE: (11 -APP) ,
[ -APP EZHERC RN i 1T - APP 32 %2 I {E
BERF S EmRAE T -APP (A >1 000) 1
Sk — i A R SRR 1 B (R TN, E R R 8
S DRI A AR 25 1 22 AR ) P R34S 22 2 17, AN

I #5 B H#A.2022-05-01 ; f& B H #8:2023-03-05

MR BHLIR SR | T LK 5 1 2 Al o 11 - APP i it 1Y)
FREARAR T —OR VR A BER , APP BYZKIA T
AL, LA b

HATE R T -APP () Tl il T2, EZ R AL
POE BB IR B IR A 4% (DAP) M J5opt ) (B
JEIE DAP il 75 REAE =5 W SRR 5 Yok, ol HL 3R [
BB 52 LA & B A S Ak P i AR A Dy
F, Ol AT E E R DR R T2 A R
TIME RS AN R £8P H AR RA T L & R ki, W
LT N4 DAP AN ] b ) 25 5 A e 4 )
FeIRICER  TE i R A B 3 R v 2 B Wl 1 4

EBRN XN RL(1997-) , B W-LBFFE A, BF5E 7 1) A RE T, 2105002443 @ qq.com; [FRZE (1965-) , 2o, {1 BI2EZ , B+ AE S0, WF5E )5 16k T

25 AR AR kAL T, 38 THIK R\, chenkui@ ecust.edu.cn,



2023 F S5 B XBE . ERERANS

THIRG, BRE I -APP 35 B2 A 42 &, 2 T 52 0
L -APP 7= S HIE SR A AT HE 4 )
FXF T -APP A REAFEIR 202 (0 UL 45 B
FARBU E R 1 -APP JRG R R0 A5

itk DAP =i b R 20 A Bk B A5 R AR
FCER , EH W 1] B 4l B DAP h s AL 8k VR
Bk LA K B 1 20 %5 I ) 9 125 DAP A5 400 UKL, BIF 5T
BREE ASARBUCER X R L -APP AR
At K PERYRZ A, LUE 75 w5 R 45 BE 11 - APP i %
IR IR S A A AE R B 3 1 - APP 3 3
il 4 T2, JF98 01 DAP A7 B i 4

1 SLIEES

1.1 SLBAER

K10 L Tolk 52 95 4 G HIUR 53 A 2 4 fk —
W B IR S A A K I RO R (CR) h— 2
(EE R LLIR & ¥ S AR A WL, I8 S & B H1 TR
A 5~10 min; fFFFEHE A Y55, DL—E B T+
RN R G T 2 R A, A S I (] ROk 28
TRA Al AL R 4 R B, BT R R R A
JE 11 -APP, [A5546 1 DAP JFURER 4 B A [ &
AR SRR EE B S8 A A AT R A L,
DRAR 2™ 5 K B 1 B pHL | S B A% 43 BT 44
JER R R A T - APP (4R G B8 DL R K 1Y
R
1.2 KGR

FAAM B R A e, AR, LR T BBk 2
WA BRAE A ARk AR R EHETT B A AL
A BRAF AT BAEE AR, I R R e Ak Tk )
AT R TR AU, AR, KT O &K 4 fb T4 58 B
A7,
1.3 EI{LE

PHS-3C #4 pH i, it 20 07 AR PR ]
A7 NID-8S BUEU R ZE T, v BB ( L)
ABRAFEI A NH- 101 BHRAHL, T I s i 4
MM FRZA 7 AR 77 s EMS—20 #0%% 15 IR K I8 54
IR X PR B A A% ) A2 77 s TDZ5 - WS AUHL Bl 2.0
B, KV m T AR =l T & DO S O LR A FR
ZSEIAE 101 -2AB AU PG XA |, dE s 2%
Al 22 A E A B2 R A 7 s DZT-2AS BB 25 45
F, AL URME A LA A FR 2 /) A2 73 200/300in 43
FEG, W VL b BT A B A AR A R | A e
X'Pert PRO 8 X — S AT 54, far 2= 0 24 B Fl A=
F;Phenom Pharos I &40 &5 =X F1 4 B 55 , RS

3
=

E

REER R ™ mo I RERYSIA

- 189 -

ACES (L) A BR S 7 AR 7= 5 MS 3000 AU 3067 B 43
MY, T [ DR 3023 7] 42 7 BRUKER AVANCE 400
RURG R L 4R 0 15 A8, 728 A 8 50 A\ 4 7 5 Nicolet
1520 AU HLH-2LAMEEA, S8 EFEE A R A,
1.4 ELImlik A ix

S4BT O A R A N R R [ SR R
B4 TAT bR HG/T 2770—2008 1 FIF ik 4 5 1=

7
1.4.1 #BsEnE

FEVR PR 5 WA 2R A 7 TAAL 3L, 8 i 1
PR AR, A v A 5 YA 5 ol R AR 2 1y A LT ,
DUREE g M BRI, AR SR,

1.4.2 REeENE

FHB R VA WO R b AR A B o8 HL it i %, 75
fife T SR 5 v TR & S ST ANV VR iR
PRRAL P P FH Ao o P B PR VA R R Ao Hh R R, B
Jei FH A B T Vs RORT 2ot 2 1) A T AT o A B
AR,

1.4.3  REEmX

AT KA 10 ¢ #F4 B T 100 mL /97K
W BRI TR (25 +2) °C 7K IR 45 £F 20 min,
T A5 2 RV AR 55 73R 2 000 r/min A9 25 DAL
B0 20 min, BUH 20 mL b2 TH AR B A BT
Y EN N = RS 4
1.4.4  ZEE MK

FREL 20 ¢ APP # & F 300 mL A BERR | L
B 10% R TR TR, FHAITE (25£2) °C 7K
By iR 20 min S5, O 26 BT S ARG
1.4.5 XRD &AEM %

FFH AR 2= M ghBEA R AE P2 B X AT S (X Pert
PRO) X} APP iR 41 &5 44 847 R AE, LA Cu-Ka
(A=0.154 056 nm) AICLE, TAEHE N 40 kV, T.
YERLTE N 40 mA G FH 10~ 85, ALK H
0.007°, &R H T4 40.0 s,

1.4.6  rshkAEmliX

LLANETENE A — B B 9 7 Ik % APP 143 F
SEREATINA KA i R 1A KBr R R, T 4T
LLAMGIERAE,

1.4.7 AmmEEiE3en

RIREL S TA 2 Fh P R T —F AT T
B R i ) e S 5 — AR T B ) 2 P
I IAER R IR S T AR R B S8 (R
B AR AR A SO TR A



- 190 - FAX AL L

2 HR5H®

2.1 SHHITEI-APP RN
2.1.1 FRRESMH

B 4E AL Bk e IR DAP L& A 0. 06% 0. 122% .
0.242% 0. 364% 0. 485% 0. 604% 43 318 A B I v
JFOEH R, 2 A RN G T A i i o AR An A 1
ME 1 PR,

— 0.65
2 0.60f
2 055}
S 0.50(
< 0.45f
= 0.40}
2 o3sf
& 030}

00 01 02 03 04 05 06 07
AR RS %

B 1 APP 5 M S L4 B 2 30t B b
®1 FREEHE

w(Fe,03)/ w(Py05)/%  w(N)/% FhEE/ cp pH(EbR
% (Ebp=71%) (FEfr=14) (FEFF<100 cp) 5.5~7.5)

0 71. 61 15. 62 21.0 6.36
0. 060 71.56 15.39 26.7 6.28
0. 122 71.16 15.36 14.7 6.05
0.242 71.32 15.38 3.0 5.91
0.364 71.73 15.29 4.0 5.70
0.485 71.42 15.35 25.8 5.91
0. 604 71.55 15.42 4.9 6.21

M1 R 1 R AT LR Y B AR )
BURBEIN, APP 77 i (Vs e B S PR A H
AR B TR 0805 T DAP R 4000 0. 364%
J& ,APP J= TS IR BEAN GBS . R 1 ik T LLE
W FE SIS Y LN TS APP 7 B 45 45 A
FEEPREE P, B BT ULAE APP 7= A 46 1Y B4R
J A AR TS BT /N T DAP B i 0. 364%
2.1.2 FRBR

SIS [ ot 122 40 B AR 1Y APP 7= i F
BRI 2 Fios

(a) RBSIMAL T -APP (b)0.06% Fe,0,—APP

FE43BFESH

(©)0.364% Fe,0,~APP
B2 A Ausk e ey APP By 43 5w 5

ML 2 WAl DU RS B 2 50 7 T
TEgREE Fme, AR BIF A E, (HEk
BRI B T 0. 364% L K 0. 604% ) , 72 i
I RIS AR R R TRLRE , B8 T A A1
B DORROMAER AR R R 5 TR
BT BRES G, LA R I e A B T 6 il e
RS G YT IR B W SR AT I 4 31 APP kLT3R,
WKL FIES, T 2807 H B R B
2.1.3 FoERESH

TSI [) Jo 122 70 B0 B AR 2R BT A APP 7= i Y
BRI 3 FiR

(d)0.604% Fe,0;—APP

—
=]
T

v
o3
Ao
FEie-o "
Jd[inee
a
l\o" '.,/4
..‘ 4o
PARJE A\t
S/ o
P 4 all*
AR a%e

a0
“ﬁ.—o—oro—o—o—o—.—u
100 1000

BB %
L AT

&
| oo-00-00-gp-0a 20 8 &
.

1 10
BLEE /um

1—RENZR - APP ;2—0. 06% Fe,0,-APP;
3—0.364% Fe,0,—APP;4—0. 604% Fe,0,—APP
E 3 F g sk o ok R A I
L3 HRT LLUA B AR B A Bl 4
T, APP 77 i B SF- B RAR R SR K, DSO M 15. 4 pum
HIK % 36,5 wm,, BEIRES INGRIAE R FH s B b 42 Aok
153 A 235 ) 55 A BHAA ZR AR 250 8 i 57
RN 5 1R AR A PR AT
2.2 FHHEXNTEED-APP F=RHEMN
2.2.1 FHRRESH
B AL TR AR B DAP T AY 0. 06% .0. 122% |
0. 182% .0. 243% 0. 304% 43 il 1 A 2 s b J5}
2RGSOV I T AR 7 i ) T e AR An BT 4 Rk 2
FIis
M2 FIE 4 thal DR Y B B o 40
B3E I, APP 7 i i v i R S B B TR
It H Y 4 B0 i DAP B 435000 0. 122% 1)



B

= BX
(=)2K

2023 %5 B NEE . ERE 7~

7 0.60
® 0.55¢
-

£ 0.50
S 045
22040
# 035
& 030

0.00 0.05 0.10 0.15 0.20 025 0.30 0.35
FACBE TR %

B4 APP /AT S ALEE R B 93T bR
R2 FmREHE

w(Mg0)/  w(Py05)/%  w(N)/% B pH( EHR
% (EFF=71%) (FEFr=14%) (FEFF<100 cp) 5.5~7.5)
0 71.61 15.62 21.0 6.36
0. 060 71.71 15. 08 5.0 6.18
0.122 71.07 15.42 5.6 5.84
0. 182 71.24 15.65 24.0 5.88
0.243 71.39 15.29 3.8 5.97
0.304 71.30 15.63 22.0 5.78

FEA I R EE XL T 0.5 ¢/100 mL K (EAR) .
M 2 Wb mT LU Y 7858 90 B 15 [N T 7S APP
PR A AR AR YA G E AR 2K . AT WL, APP
TR 1 B2 B A B A AR R VS I BT A DAP
JEE) 0. 122%
2.2.2 FaiBit

BIMAS 5] B 2 o AL BE 1) APP 7 S H
BERINE 5 s,

(¢)0. 182% MgO-APP

K5

LS Hn] DL 7 i UKL Y S0 28 24 LU 35
%, JF HAARBET N BT it 40 B0 0. 182% B, 7™ iy
TE S0 LU A TS N 2% 5 14 7= (i i BRI . M 4 AR BE
J i 3R 0. 304% I, 77 kL K 5 1 30 AT 3R R

(d)0.304% MgO-APP

WS Je T APP B 43 3

RS R~ R I4EEaIY - 191 -
%, TERG BRI R 2 555 FIE U
BEY, DEYES YIRS N AR A B
YERT BB B85 ) ot s 4 B HG I, 25 A1 i [A]
KRG KA,
2.2.3 FREZESA

WINEALEE B APP 7= 0 BORL A2 40 A N & 6
FIiR

10

-2
oo
8t X
< i
1N o W
g 6 R\
§ ar f;Z# 3/\'\%:1
/ <4
2 P X1
pes -
. ot T %
0 |an-40-00-am 0 g coeeese e
1 lgnﬁ 100 1000
/um

1— R I INZR i - APP ;2—0. 06% MgO-APP;
3—0. 182% MgO-APP ;4—0. 304% MgO—APP

A6 WHinaftiE APP = Ry k12 A

M 6 Ha] LI H S A BE U N5t i 53 50FE 0~
0. 182%H} , F= ki A28 F 48 /N, D50 M 15. 4 pum [
2 13,2 pm, i AL BE SN SRR
2.3 HEREEXNEE DI -APP =R
2.3.1 FHRRESH

W5k R 085 5 H $ IR DAP R 19 0. 065% |
0. 109% .0. 163% .0. 217% .0. 271%53 51 A 3| K
SRk, A RN BTAS T i o A an ] 7

I 3 FiR,

= 0.65F -

2 0.60}

g 0.55} //

8 0.50r /

T 0451 y

= 0401 - -

& 035F

go3p = ) . ) .

0.00 005 0.10 0.5 020 025 030
TRIR A TR S5 %
B 7 APP AT A5 E KM

A I

®3 FRRERE

w(CaHPO,)/ w(P,05)/%

w(N)/% E )3 pH( 5

% (EFp=71%) (Etr=14%) (E#r<100 cp) 5.5~7.5)

0 71.61 15. 62 21.0 6.36
0. 065 71.57 15. 49 7.6 6.71
0.109 71.84 15.36 9.8 6. 19
0.163 71.28 15.76 2.5 6.57
0.217 71. 64 15. 45 18.0 6.51
0.271 71.54 15.57 11.0 6.78




192 - A AL T

NFE 3 RN 7 vhnl LA M B A B TR B o i
SRR N, APP 7 S IV R 2 BT
P I H YR EOE I 0. 163% I, 77 5 B Vs A 13
Bj#iid 7 0.5 g/100 mL K (FEFR) . A5 3 Hridn]
DUE ARSI B N BT A APP 7= i (1) 45 T3 4
FRYEERRIE RN, T UL, B8 APP 7= K %
PEAHE , 5 2% 5Tl R 045 19 J5c K T 2 o DAP Joi i
[490. 163% .,

2.3.2 FR:RBR

TR INBERR ZUA5 22 1) APP (10471 4 v 85 IR 4n %1 8

Fis .

(d)0.271% CaHPO,~-APP

(¢)0.163% CaHPO,—-APP

K8 NAnesBR A 452 iy APP iy 3 v &

M8 HRT LA, B W R S0 o i o B
iﬁn,f%néﬁﬁ/%ﬁt%tfﬂm,%ﬂ%ﬁi‘ﬂiffﬁ

o N TEREEES B, BB G VI AFAEXT APP JE
%ﬂﬂ%ﬁﬂ Fo A e I APP X4 R A B 2 2
JE BN,
2.3.3 FamBERSHR

UN INBEIR U85 17 AR AR S A An sl 9 TR

10
8 x 3
s -2
b VL 4
%, i,
3,
0 ’-““ .&‘-Q.QQ.Q‘
1 1 L
1 10 100 1000
ﬁg/um

1— AR Z% i - APP ;2—0. 065% CaHPO,—~APP;
3—0. 163% CaHPO,—-APP;4—0.271% CaHPO,-APP

B9 Fima B 450 R RE A A
M9 Fhal LA Y, Bl i R 080 o e 0 1Y

FE43BFESH

HAIN, P A RAR R B B B e N S B R R A &
MR R S ASXT APP = i R AR A AE AR AL O A8 IS
FEl, W TE 0. 163% /54 .

3 ZfRiBZ4ext 1 -APP RE M54

3.1 BEFHEXRD &
BT 0 AR A TR BE T R A 1Y
mm B XRD A E 10 Fis

_JLA.J\AJLL_AMN‘L_
B —

M3
2

_.UL S U ¥ Y O

I Wl ."APM*

10 15 20 25 30 35 40 45 50
26/(°)

1— KRB NNZ& - APP ;2—0. 06% Fe,0,-APP;
3—0.364% Fe,0,—APP ;4—0. 604% Fe,0,~APP
(a) BAEBAY =Y XRD

\ o 3
s

- APPW&‘F-

L
1015 30735 50 35 4045 %0
20/(°)

1—RAFMZR B~ APP ;2—0. 06% MgO-APP;
3—0. 182% MgO-APP;4—0. 304% MgO-APP
(b) A4 LB 177 5 XRD

SR EE /au.

TSR EE /..

R RBE /a.u
N

I- APP#E?E’F

OB R R R T e L
20/(°)

I—RIRNZ - APP ;2—0. 065% CaHPO,~APP;
3—0. 163% CaHPO,~APP;4—0.271% CaHPO,-APP
(o) BARBER VRG99 XRD 4]

H 10 #5257 d i XRD [

M 10 Hral DUt 78 SS R [, 2k
B A5 m AR T AR 20 APP Y S IR
TSI | B A 77 il B4 A A 2548 5 11 - APP f8 5 i
T2
3.2 BHF@BLINEE

WFTE R, 5 G T 1A I S ) 1) SR R TR
SEIMS TR 4IRS T W S BURR B R L




2023 5 B

e R B 12 B —P—0—M (4 )@ ) —4t, #
Ze A 22 i BT A5 11 - APP RO 4T 4063t 18 i 1E 11
iR,

4 AR
e[ a2~ TN
T3 /
25 .
bl o /
T T
e // - W
4000 3500 3000 2500 2000 1500 1000 500

BB /em!

1—4fi APP;2—0. 271% CaHPO,-APP ;3—0. 304% MgO-APP;
4—0. 604% Fe,0,-APP
B 11 521 R 2 B A#1I-APP #y 20 4h ot i A
M 11 FRaf A, 1 100~850 em ™' A& P—
O—P M4 IR 2l W Wi Ui, 428 2% 1 7 i B 21 3 1]
HRBILH LM B L, 7834 Y N
VR TARXT AR B8 , RN B RN SRS
SRNAR T —P—0—M( 48 ) —4 .
3.3 BEFRHNREESW
ISR TR 2= 5 A9 APP 7= iy A9 A% i 3 9% 335 1
Rl 12 fiR

FHEP
=
=
i
al
IEBERREEP
\L iﬁégﬂp L
T406.81878 4.64599 ,

-50 ‘—40 -30 —2(2\_ -10 0 10 20
2L/ ppm

(a) AT b

FP

TR /a.u.

IEBE R LR P
o SRHEEP |
0 X ) ) |1188|'689|5 X 4.3I405 IIIII

-50 -40 -30 —29 -10 0 10 20
AZEAL B/ ppm

(b) ¥ 0. 364% Fe,0,~APP

FHP

TR /a.u.

ey, ALBERRELERP
W’u‘gS‘lP |

., ,2088.51066 9.27468 |, |
-50 -40 -30 —29 -10 0 10 20
AL2A0L %/ ppm

(¢) BN 0. 122% MgO-APP

XIBSE  ER AN SRE

SR R ™ GBI RERY I - 193 -

EE%SIP
3
3
=
]
AEBERREER P
P
4, A
228009333 830117,
-50 -40 -30 -20 -10 O 10 20

A2 B / ppm
(d) %A 0. 163% CaHPO,-APP

B 12 Rl B 42 R B APP = 5 oy A% i S 3R 1

M 12 Ha] LUR 4547 i E 55 TP B
{E RGP LA, ABRVERE & S 38 R A
1 000 A3, 54 EARA X TR & 12 45
st ) AH XS 35 B G BE 4 O 150951 365. 7,
1 122.9 AT 1 342. 8" BAHHAS I AL o2 fifi 7= i ) 2R
R,

A LR BIEST AT, 24 3 Fol 2% o A9 S i o e K
A B 1L - APP 7= 5 SRR R R AE, 43 51
9 0. 604% HE ALk 0. 304% AL EETN 0. 271%17)
BERREAS I, T8 1L - APP 72 i O 2T M5 I 5 R s
TnZ=m i - APP 1 21 403k [l S A — 30, U &
T 1100~850 em™ ZbWE I WAL . BN N 2% T
B 1T -APP 7= i XRD Bl 5Ky 11 -APP
F7 A LR TG B S5 1) D6 A8 A U B A e R 4% TR
TG, 4R 28 A I LAXT APP 1 S A 45 4 3 1l
JEEREIAN AR AR TR AEAE SRR R 1T -APP
PR K T LI 5 % 5 I 5 14 K
PERFEEIG R, 08 T 4R RS IR B 2 A e il
1377 R AG BERRAR T B, RIS 2% BT %o 7 it B T 35
AR 3 T RER, BT AT DAP H ) 4 g T
B INZARE A — S A

LEE AR AT APP 77 5 1Y K i M R
SRR I AR A A R AR AR 6 1) U i I i 3 BE
HITE 0. 06%H1 0. 122% VLT, B iR &85 19 U8 N 5 2t
SPBEERIAE 0. 163% 2247, Bk 86 4555 3 Fh 4@ oe
R B IR E: T 25 A4 72 1Y DAP P %
B4y B HIAE 0~0. 042% 0~0. 073% F1 0~ 0. 048%
EOR(ENE LS

4 #ie

I BN R SR TT I R VB B 3 M AR BT
RSB R T -APP 7= Sk v X HIE 511
AR H D2 o

(1) A SRR 2 Hh 4 i J0 28 B 20 B0 TR 55
R -APP WK E, & I8 LR BT 0 KUl R, APP



- 194 - A AL T

PR R B Y Ak A R IR S04 3 F
R RT3 805 B T DAP 9 0. 364% 0. 122% .
0. 163%HF , 7= i K AL T 0.5 ¢/ (100 mL 7K)

(2) 38 ) 42 8 B T 2R U2 %t APP 77 Sl AR AR
LS AR B — 5 AR AR T, (H 3 4 s B8 2% i
HORAYINEAZ 37 NS TR OPIZ I I IR TR DN ZIE <521 38
S B0 14 2% IS 0 R B, SNk S B T Y
APP 7= S PREAR 4 K F AR U N 4% BT 19 7™ i, DSO M
15.4 wm A 236K 2 36.5.30. 5 wm; 1] A INEE 55
T/ APP 7 i o, 2 A AR B R I BT o 4 UK T
0. 182%H} , APP 7= 5ok A% /N T AR TS N 2% B A9 72 o
D50 M 15. 4 pm J8/NE 13.2 pm,

(3) FESCI 0 2% 0 Jin B 4y B Rl & 4
JBZRE T APP P2 5L Y XRD [ FIZLAME R BA K
A= U 8 A A (E AR AL, D IIIETE DAP P77 e fl e (1) 4
JRITCEANSWINTE T -APP 1y B Z5 4, (B &
(1) 43 JR A% o0 B J S AT ™ ah ) 3R B BB 52 ) APP
T B K S PR R 35, PR I 2% I o o 4 500 3% i 4
HITE— B E N, 2G50 Hr, 8k VBE 45 3 R a8 T
R B R B R R T2 A4 7 (%) DAP [ %
A HITE 0~0. 042% .0~0. 073% 1 0~ 0. 048% G
LA

S 3k

[1] RAEAR, WA SRR, 55 SRR B 1Y) G I B0 B o7 FH A 7 ik
J&[J].ToH1ER Tk ,2018,50(2) :8-12.

[2] Shen C,Stahlheber N, Dyroff D.Preparation and characterization of
crystalline long-chain ammonium polyphosphates[ J].Journal of the
American Chemical Society,1969,91(1) :62-67.

[3] %0, Brke Mg 75, 25 IR — 2B - PR Ui SR VA Tl 76 SR WA TR B T
5[ J]. FTHLER T, 2017,49( 10) :30-32.

(4] el £52 30, B 25, 56 SRR IR B b ) 0 S A0 48 LA AN 1
FIREEE A ARMERE[ T ] TSR ,2021,49(7) :46-53.

[5] Canimo G.Mechanistic study on intumescence.In Bras M le, et al.
Fire Retardancy of polymers.The use of intumescence[ M ].London
The Royal Society of Chemistry, 1998 :48-73.

[6] Drevelle C, Lefdbvre J, Duquesne S, et al. Thermal and fire

(L% 187 )

[3]EWEL, AR e kam  LRRFS , 45 2R IR KL JE BB (9 SO B 50 308 Ji
[J]. % ME T, 2020,35(4) :6-8,12.

(4] ET7 ¥ REANR 5 7 Bt B 78 45 14+ S50 % BELJE M RE 14 52
[D]. bt deatfb TR, 2021,

[5] Corcuera M A, Rueda L, Fernandez B, et al.Microstructure and prop-
erties of polyurethanes derived from castor oil [ J ]. Polymer
Degradation and Stability,2010,95(11) :2175-2184.

[6] Killops K L, Campos L. M, Hawker C J.Robust, efficient , and orthogo-
nal synthesis of dendrimers via thiol-ene “ Click” chemistry [ J].

Journal of the American Chemical Society, 2008, 130 ( 15) : 5062~

FE43BFESH

behaviour of ammonium polyphosphate/acrylic coated cotton/
PESFR fabric [ J ]. Polymer Degradation and Stability, 2005, 88
(1):130-137.

[7] Waerstad K,McClellan G.Preparation and characterization of some
long-chain ammonium polyphosphates [ J ]. Journal of Agricultural
and Food Chemistry,1976,24(2) .412-415.

[8] Watanabe M, Sakurai M, Maeda M. Preparation of ammonium
polyphosphate and its application to flame retardant[ J ].Phosphorus
Research Bulletin,2009,23.34-44.

[9] Sedlmaier S J Schnick W.Crystal structure of ammonium catena/
polyphosphate IV [ NH, PO, ] X [ J]. Zeitschrift Fiir Anorganische
Und Allgemeine Chemie,2010,634(9) :1501-1505.

[10] Camino G.L,Cosata L, Trossarelli L.Study of the mechanism of in-
tumescence in fire retardant polymers:Part Il mechanism of action
in polypropylene-ammonium polyphosphate-pentaerythritol mixtures
[J].Polymer Degradation and Stability,1985,7:25-31.

[11] 5 A=l 45w R R KR P R B IR el % T2
e[ 1] TEHLER Tk, 2020,52(5) :50-52.

[12] XUZE, Gt XUk, 45 K AR T SR TR i i BIF 555 1o 1) 32k
JE[J].ENER Tk ,2020,52(12) : 7-11.

[13] AN RBERR B (APP) U # 4k X HI [ D] AL 5t JEntfb T
K2#,2019.

[14] T2 SRUERR L BHRATICIE B0 W i - B 21 52 & bR BEATF 5T
[D]. ¥ RAERE,2019.

[15] ATl I 2R BERR B MWl &8 sc (D] R RO T K
2,2017.

[16] XIS T e 58, A5 —Fh o i 11 B S B SR B R e 14 o 4%
J71::CN101428780[ P].2009-05-13.

[17] XUBEHE  BRSCEE , T ] o Bt ol ) 46 2 i 11 2L SR W AR & 14 5
7% :CN101830450A[ P].2010-09-15.

(18] ARk, HLLil, B, 28 B B3 I T 2 &I 5E [ 1]
BLER Tk, 2006,38(3) :28-33.

[19] BHEIE, AL —Fhims 4l B2 i 2R A BE K ORI PR 2 i 11 T SR B AR
I 45 7% : CN102167304A[ PJ.2011-08-31.

[20] Wi, B e, Vsl S R F R G BB R R &
BB TR 1]. PR Tk ,2019,51(12) :20-22,34.

[21] B30, Ee BREES 55 KR PR B 228 & Br LA 5T
[J]. HLER Tk ,2019,51(11) :20-22.

[22] BFHAR, ViEEAE B30T, 45 R A 25 & il 4% 2 BE SR B R B 1 T
W[ J]. TR Tk, 2019,51(11) :46-49.

[23] FaMe, e, P EA ) S5 B B T X 7K IR I SR WA IR B 1) 7K A 52
BT[], e84 Tk, 2020,52( 10) : 72-76.

[24] e NRICFNE [E 5K M 2 57 25 HG/ T 2770—2008, T.
AP R BERR L [ S ] AEE A2 Toll ik, 2008-09-01. 1

5064.

[7] Prakash A, Choi M Y, Seog J, et al. Efficient and quantitative
chemical transformation of vegetable oils to polyols through a thiol-ene
reaction for thermoplastic polyurethanes [ J ]. Industrial Crops and
Products,2012,87.78-88.

[8] Zhou R,Gao W Q,Xia L C,et al.The study of damping property and
mechanism of thermoplastic polyurethane/phenolic resin through a
combined experiment and molecular dynamics simulation|[ J ].Journal
of Materials Science,2018,53(12) :9350-9362.

[9] R B RAME M HEZ SR RIES 70 T AT N
[D].BUM Wk ,2013. 1



