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HESANEIRT 68.1%4220.7%; & H %k penlXidid V-0 85, MIRAIEHH 18.1%4- I+ £29.5%.,
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Preparation of APP with raffinate acid and its application to flame retardant PP
LI Yongxiang, YANG Xiaolong, LIU Chenxi, LU Zhonghai, MEI Lianping,
MA Hang, WAN Banglong, LI Yundong
(R & D Center, Yunnan Yuntianhua Co., Lid., Kunming 650228, China)

Abstract: The byproduct raffinate acid generated by the wet-process phosphoric acid purification process is used
as raw material to prepare flame retardant APP. The effects of material ratio, reaction time and reaction
temperature on the product indexes are studied. The results show that the optimal reaction process of APP is as
follows: Molar ratio of nitrogen and phosphorus is 4:1, reaction temperature is >280 - 300 °C, reaction time is 4 h.
The obtained product indexes are as follows: Nitrogen content is 12.4%, P,Os content is 53.2%, average degree
of aggregation is 68, pH is 7.05, water solubility is 2.86 g. Then the APP is added to PP as an intumescent
flame retardant (IFR) with melamine and pentaerythritol. The effect of IFR on PP flame retardancy is
investigated, and the results show that compared to pure PP, when the addition amount of IFR is 30% , the
maximum heat release rate and total heat release of PP/IFR are decreased by 68.1% and 20.7% respectively. It
passes the UL-94 test with a V-0 rating, and the limit oxygen index (LOI) increases from 18.1% (for pure PP)
to 29.5%.

Key words: raffinate acid; ammonium polyphosphate(APP); preparation process; flame retardant; polypropylene

(PP)

R A 77y 2C A o e A, (H AR
Rk, A R A Ak g E
S, ARG SEE. ik, Bk T2
Tk FE B £ 0 B L IRIE R AL
PAVRFIAERGE | AbsAUiie sk . B g, H
HRVRR 2 A REARMR . el B vy . AKEGR) AT (]
WA . TERAE S, BRrE &8 Z 0
F 2 BARVE R A BGE SR Al 2 R O 45
Tolkfl, (HiZ AR G WAEE—ERIBLE, WAEEL
RICTEIRFN 100% , 2377 H 57 10 v Tk P e e A L
fih 4 J B T I AE AR O AEARTR 1Y T ISCRN A1)

PRI BE IR Ab AL A — R AR MR, A7 25 Ak BRI R
FHZE S BRIE IR IR 5 e . SCBLGE IR [l ORI FH AN p
ek epmEE Y. Hi#EARE LT
il 2 Wi iR—% (MAP) . #R —%#% (DAP) 4K H
IR " BRI, I A 2 TR T % BELJR 784 S8 B 2 e
(APP) BTGB D,

[FmEHA] 2024-05-29

[EERI] FA0M(1997-), 53 INZREIN | B $E T AR , 65T
I3 0 Ryl R BEAR RN IF & S50 FH o E-mail : 523895791@qq.com

[BEEE] 254R0972-), 1, ZF TN, SR TR, BF5T
JrI RS AL 1T E-mail : 715198041 @qq.com



2024 4

‘12 g A7 2#E 5B AL %3955 94
APP HA LT . Joia . MVRFIIREE AUF S50 e GRM) R ERRHE A PR A

PO Y ER S il AN i h N 9/ E
RGO N A TRRR S
FERA Y BN N APP A — 2 B BHIARCR, 5
FEIARCRAME, FFZ5m i us It A g is 2 HAR 1
BEIRRGCIR: o o AR T APP SR SCR 1 I 2
TCREAR 2> ALBEREIA L eERERR A BB
FCE PR 55 2k & T8 2 . B g
AR R, MELASEEL AR AE ™ T R 2 T
I AR, 2l s e RHER =L
REZ K FUBE AR 2 APP# FHIMZ LR 7, th APPAEN
FRE, Z= PUEE (PER) fERMmcii, = RE M
(MEL) YERSIRLARL "0 ABESE LA 0012 i
FRE )26 xR oM Sk, il 25 BHIARY APP, 5 PER
A MEL 5 e 2H B2 ik B RHAA ) (TFR) , 1 T FH
KRR (PP) H, Fh9E T 2R R IR ik 12,
Ry IRISCOR P U5 T 52 i B I 3R ik — A 42

1 ZIHES

1.1 =2 RA

R, mnmEAEATHRAA, wlP0s)
40.87%, w(Fe,05) 2.06%, w(ALO:) 2.66%, w(MgO)
2.88%, w(SO0&) 6.12%, w(F) 1.06% , w([#)
7.84%; JRE, w(N) =46%, =7 KN4 R
Nl SREME, SEREE99.5%, WMHEE AL TARR
NF B, G >99.99%, ELHIMEZE RS
HRRAF; AR, 4R >99.99%, EWIHEZERSAK
A RAE S REMAE, T300, T EA L
AL TR ATBR A F] 5 H40R 1010 (JYANOX-
1010) . Hi% #1168 (JYANOX-168), Jbaith b
AR A PR F
1.2 B L5&&

IR A (50 L), RAT-50L, EEREXAY
A MRAE; #4448 (10L), NHZ-10L, h%
MAL THUMSE A BR A A AT EENL, S50 H W
AT, ARSI (B8) ARA
Hl; E (TG) ZMHFiY, HTG-2, JbaifE A Scie
WRAWRAE; m#EIESGPL, HRS-05, RIEMF
TEHL A B2\ SURAF B AL, MEDI-22/40,
M T [ S5 5 A A A AR A PR A Al s AL,
SSF520-M, ‘T AUBIH R AT BR A A HEE &
PUAYL, TTech-GBT167-2, ZEZETE (M)
125 BB A BR S A s K P 2 BRI R
(TTech-GBT2408) . #figlm F & 5%k (LOD) 434
% (TTech-GBT2406-1, TTech-GBT16172-2), %

1.3 APP#y#]4&

FRE— 8 i AR R, I A S v 22 Hh IF
FHadisE (50 vmin), SRIGFEZERTRHAKHE AR
SRR, 7 B BRI ARE S R R, YR
KEN 0.6 2 AT IS IR N, BT AS et BRI A B R — i
B, w(N) 2.86%, w(P,0s) 41.57%.

¥ MAP B I ASR G HLA, A —E i &
FRETFURRY, TREIRTE N 180 °C, FHHEIE A 20 rv/min,
MAP 5 R E I &l mife . RiH B . &
45 WY RHIT I AR il A SR, AR 1~2
L/min, BFREITF 2260 ~ 320 °C, #HFER4~6
hy FJE A= REM OGN MAP FIR R i
ZHI0.5%), AREEN 0.5 h, SV S5 )5 ENfS 3
WRRF= Ao 72 AR B AR HGE EA SRR AL
W, BIASSRBEIR ™ i o
1.4 PP/IFR Z_&-# 464 4] &

F 1A PPIFR E G AR T, MR IEAE Gol ik
BRI B EE 2, 4 o b b 3 10 1 R IR L 1)
APP. MEL fl PER, A m#EIE AV HIEAS 15
min, 33| IFR, ¥ IFR 1 PP 4 J5URB A MEAE T
524 h JE I BRER 1 BBC ELHEA TAREL, 22 RUBRAFET
MLFE 200 C R EF R, k5 AIRE S TE 90 °C Mt
FAN T8 h, SRIGENFEHL PSSR, RI15
PP/IFR G KL

&1 PP/IFREAMPIEF
Table 1 Formula of PP/IFR composites %

Bt w(PP) w(APP) w(MEL) w(PER) w(FLRF w0 (e

1010) 168)

PP 99.5 0 0 0 0.17 0.33
PP/IFR10% 89.5 6 2 2 0.17 0.33
PP/IFR20% 79.5 12 4 4 0.17 0.33
PP/IFR30% 69.5 18 6 6 0.17 0.33

1.5 APP Y #7 i%

HeHiE HG/T 2770—2008 Hp it s A i 1 AL IS
FE R T APP Fh OB S A A S i PR
B B R P i B0 o R0 5 pH R T pH DA
FE ;R SR R .

1.6  PP/IFR L AL X B o #7

WESN . MR ES~8 mg, FHIEHEXR
10 C/min, A, HEEER 40 ~ 700 C.

M E L (UL-94) M3k . #F 5 RF ok 125
mmx 13 mmx3 mm, %1 GB/T 2408—2021 t5ifE
AT

W BREFEHAIA: #4451 80 mm x 10 mm x
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FEARTR T 2 TR WA TR e S I BELR 3R PR A (4 1 A2 <13

4 mm, X GB/T 2406.2—2009 ¥x #E J5 3% ¥E 47
Wit

HOIR A #5100 mm x 100 mm x
3 mm, FHEIE PG R EE R 50 kW/m®, >R H
ISO 5660—1 ARiE#A Tl
2 F#ERE5HR
2.1 WAHECHL AT H) & APP 69 %R

[i] 52 B0 T Sh 280 ~ 300 °C. AN A4 h,
RN A (N, PE/RE, MELAIFA) X
il 75 APP (520, SEHAE R IR 2,

£2 FREFHE LT APP = RIS
Table 2 APP product indexes under different

ratios of nitrogen and phosphorus

100 g /K H %

n(N)in(P)  w(N)/%  w(P.0:)/% &R pH e
3:1 11.8 53.7 43 6.71 3.19
4:1 124 53.2 68  7.05 2.86
5:1 12.6 53.0 71 7.15 2.80

2050, 7 A BRI S RS FOR A
BEEE/R LR AR AR Ak . MBI AR S, A
B, RWATES; MARIMA R, JRERA LG
WZ, SREVRIARSE SOV i i B
%, FTRBSREI™ SR Y AR 31, 40 1A
S5:1HP RGN 43, 68, 71, REEE
RIMAEIGIE N, R R REAF T APP
MIRESEA s VA AR B AR BTG, Dt R AT B ) 1Y
PRESME, B T2 AU, T SRR 43
RN s pHZRAE AN R . M AW N ZE 511
BF, AR BOA R AR, IR SC e s R L
BHIE, PEBRERELL A 4 1 R T2 A
2.2 RO JE AT & APP #9350

] 7 o R R EL oA 401, RABFRIA 4 h,
RIE N A TR X il 25 APP (52, SEEG45 0 I
%3,

#3 ARERRIRET APP = RIEHR

Table 3 APP product indexes under different reaction

temperatures
BEEC w(N)/% w(P0s5)/1% FAFE pH 100 g KPR/
260~280 12.8 52.9 55 7.01 3.14
>280~300 124 532 68  7.05 2.86
>300~320 123 532 63 684 2.97

2230 H1, APP PO, & = ffi 5 F o 15 % Tt
IS ThEr, NS EEEEE TS mEEIL, 2k
W 8 B I T v i AR 0N, 1 B L T v s

WO TS A . I I BE TE 260 ~ 280, >280 ~
300, >300 ~320 CHIAIRA 45055, 68, 63,
R R TR, REERIET R E R L
g, M5 R AT RE S Y IR 3K $1)>300 ~ 320 CHE,
APPTERIR T Z IR HRE R T REGHAE, 23
REE TR, RN E AR pH 525 /N
APP [k B A U B T e e RIS e, IR
H1>280 ~ 300 CHF, 35 E|FAL(E 2.86 g HLJFEE W]
AEE IR BEBAIRET, ORI EE APP R A UK
B APP R YIRE TR, EE APPSR R AR
RETNL, AR EE APP, A AR ™5 (5
WA, SRS K G APP Z 31y
fif B APP FIBEIREL , MMM S .. &G
f&, HEE>280 ~ 300 °C lyfe S IR E
2.3 RSB A 3] & APP 89 %506

[#] 7E S BEE IR EE A 401, SO IREE H>280 ~
300 °C, RIS X2 APP A2, SEEG45
R4,

F4 AREREEET APP = fmistr

Table 4 APP product indexes under different reaction

times
BfF/A w(N)/% w(P0s)/% RAEE pH 100 g /K EEE g
3 12.7 53.0 41 712 3.57
4 12.4 53.2 68  7.05 2.86
5 11.9 53.5 59  6.92 2.91

224 AT A, APP rh P,Os & 15 Bl 25 S W B[] 4B
KemiTter, N bl g RN A MRS . RN
B[] R A2 A6 X pH 2R A /IN . APP 1Y 2R 5 B Bifi et (1]
ER AT = R RS, YNSRI 3 hi, R
NI AE, SEYRE N 41, W
3.57 g5 MR FEZE K = 4 h i, A LA FE L,
=R APP T e, PRGN 68, K
fif BEREAIR 25 2.86 g5 1SN [R] 5 hEs, 2 Hsf (]
i, B APPFER BRI R IR T IR, RE
FERRARZE 59, KIEME N T =2 2.91 g0 AT H]
FERC AT DARR i o &, e APPRERG G, (H[R]
APPREWM 2 R A R AR, TLAZE G 25 IR REFERI ™
AR, R4 h R dR OV R TA]

2.4 APP##AE T AL

A FRAE APP AR, BrftEsk
P Bl A APP A TR E VERAE ,  APP YR
Mk FI T (DTG) & 1 R,

METRIHL,  APP BIRIGG 73 ik BE R 273.3 C,
HAE®EPGEtE, of ik L RZECR SR
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PN TR . APP HA A& T ik e . 2
— [ B AE 250 ~ 400 °C, AE 316.7 °C )i 33 8
K, FE RO IR SRR 5
T B A AE 500 ~ 700 C, 50 S R A
TE565.9 Cik B KMo iR, Ptk F 22
T BRI ER AN P,Os
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W EE/C
a. TG HiZk

.
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REE/C
b. DTG Hi£k

B 1 APP#EF WL

APP thermogravimetric curve

Fig. 1

2.5 PP/IFR &) PR P AR

HEIE B PR 2 Al RE W R AR B 1 E
e O BAR AN, Y S R BRRER] R B LR
BEIRBT G, I SC B RE R PO bERHE I
FRBEAT N o i el BT A2 PR 35 PP/TFR &2 45 FHL
PR R BELARTERE , HEIE B IS5 R I 5,
AR T AL PR TR A 8T 2 /s

%5 PP. PP/IFR10% . PP/IFR20% #1 PP/IFR30%
£ &M RIHER SRR R
Table 5 Cone calorimeter test results of PP,
PP/IFR10%, PP/IFR20% and PP/IFR30%

R TTI/s PHRR/(kW-m?) THR/(MJ:m?) TSP/wm’
PP 38 950.7 772 5.6
PP/IFR10% 36 702.5 71.5 5.1
PP/IFR20% 33 453.9 68.1 4.7
PP/IFR30% 29 303.7 61.2 3.9

% 39 5% 9 47
1000} —=—PP
—e— PP/IFR10%
—a— PP/IFR20%
800+ —v— PP/IFR30%
& 600}
=2
=
5 400}
jas)
200}
0 1 1 1
50 100 150 200 250 300 350 400 450
s /s
a. PR R £
80 -
60}
B
g 40 F
E —=— PP
E ool —e— PP/IFR10%
—a— PP/IFR20%
—v— PP/IFR30%
0

0 50 100 150 200 250 300 350 400 450
Hsf 1] /s

b. AR 2k
B2 PP. PP/IFR10%. PP/IFR20%%= PP/IFR30%
AT 0 AR A B AT W 2R
Fig. 2 Heat release rate and total heat release curves of

PP, PP/1FR10%, PP/IFR20% and PP/IFR30%

SUREFTA] (TTD 2 PR MR IR A 6 P i)
BifebR. MRS, B 20 A, 4l PPAE 38 s SR,
PP/IFR10% . PP/IFR20% 1 PP/IFR30% (%) TT1 43
136, 33, 29s, FHAGSMFHELH)G PP A TTIH A
— M RRAIG, 3KJ2 fl 2R BELA R 3 DL A RRAE, VT RB
S IFR FHAA I BE HT R R /N3 P LAy 75 4
PP Y BB R IE{ (PHRR) %% 950.7 kW/m?,
MR E (THR) /&35 77.2 MJ/m?, FHH PP 7E 4%
B GO R, PP/IFR10% . PP/IFR20%
F1 PP/IFR30% () PHRR 43 511k 702.5. 453.9., 303.7
kW/m?, #H 46 PP 2 5 R BE T 26.1% . 52.3%F
68.1% ; PP/IFR10% . PP/IFR20% I PP/IFR30% ]
THR 394 71.5, 68.1, 61.2 MJ/m*, #H k.4l PP 43
MFEET 7.4% . 11.8%F120.7%; PP, PP/IFR10% .
PP/IFR20% il PP/IFR30% i 0 FE i & (TSP) 43531l
K56, 5.1, 47, 3.9w’, &R E I, 3
KT —ERER R, LI ES5SRE], IFR7EPP
LA A A BRI AR , L BE AR ML PT RE 2
HERHM R, PP/IFR FERR e i) APP 32 443 fift b Rl
2. ImBEIRSEBERR AT ALY, X LLBEMRATAE W1
PER H1 PP AZHC ¢, i PP ik ek, TERA
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BRI, AR 2 38 24 ) 3L 5 i BEL 1 9 5 PP st —
Aoy S, APP R MEL 52 #8443 f# i NH, |
NO . JKZEEEANRAUA, TR Al AT R A iy vk
B, IFRZIZNK, SN PP 5 AR Z ] 1 1%
T FAL # S3 Ak, APP R be i A 2 o i AR K
HPO- | PO,- HIPO- B H1 &L, X2 H B mT DL 3k
T 0 TR SO T A Y H - RN OH - [ P 3 R 4573 K
YERT, B R =

T 2 A BR A HE B (LoD Al 3l % e ik 56
(UL-94) WF5¢ T PP/IFR & 4 BH A B} i BHBK 1
AE. MHIIRYZE R TR 6T,
&6 PP, PP/IFR10%. PP/IFR20% %1 PP/IFR30% & &+

BIBESANIR 25 R
Table 6 Flame retardant test results of PP, PP/IFR10%,
PP/IFR20% and PP/IFR30% composites

FEbh LO1/% UL-94 AT
PP 18.1 TR 2
PP/IFR10% 232 TR, 2
PP/IFR20% 27.0 V-1 =
PP/IFR30% 29.5 V-0 i

M6 A, 4 PP LOT(EAL N 18.1% , #
W1 PP & i R 5 1R , IF HLAE UL-94 P i
ARG, KRB EEA R, 2RO
HGERY EEIR N . WINIFR B HE , EAM RN
LOI {675 %] T 42 FF, PP/IFR10% . PP/IFR20%
PP/IFR30% 1] LOL & 73 5l $2 F+ %8 23.2% . 27.0% Fil
29.5% . PP/IFR30%# i T UL-94 H1 () V-0 SE 4 ,
It BIRBerT B A YE A, RBTIFR AR AT 32

U BIBHIRRCR o
3 g

(1) FIFZERERTI SRR, HIH SR
RKIATRON, FeJa A = G A 7 s A 7= i B
PRV R B . HIRA B T ROSIRHY
RBEEER L R 401, Fh B A>280 ~ 300 C, %
b S R B 1B A 4 b HLASFI] Y 3R 5 R 4 P 0 (P205)
H532%, w(N) H124%, BE5EHN68, pH N
7.05, 100 g /KH R4 2.86 g0

(2) DA AEA 1 45 1 SR i R i [m) — SR U
Zo VU BELH R A BRI, R4 L0 A F BRI R
W, DFIRBHBRRICR . G5 R KW, S4iPP A
Fe, 24 IFR (9 s N & ok 30% 15, PP/IFR30% 1)
PHRR. THR %3 5l B AKX T 68.1% 1 20.7% , 1LOI
18.1% 42T % 29.5% , UL-94 f J5 3K 1) 6 %5 2% $2 T}
FEV-0, KEMERION, FF6 PPRIBHEAZSK
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