$3THHE3IM IV = Vol. 37 Iss. 3
2020 4£3 A CHINESE JOURNAL OF APPLIED CHEMISTRY Mar. 2020

y-ALO, 1k & 5 B B 2 ~ S AS 1Y
&R R E TR

WA HRE ERAET OKRKRE OB #
CARALARMIR S (2 f T YRR PR, IR VA R BB PR TR S50 %5
UEIRRERE  WA/RIE 150040, ARBET A R BEHREGIUT PSR i 024000)

B E RWEPRR Z ZRENE (PEMP) /E Ry —Fh B AT R BHEA R, HAA JCEE R L & B BRSO I R
R y-ALO, B b 2 (EG) F1H JLBE R — H 5 ( DMMP) 45 & A= i PEMP 1) RAFE1EH o (H2 i Fy-AL O,
G W CO,FIK 4y BEAR A ATV , BF A FH AT B2 051k 3 10 LB 2 Wi 25 y-AL O5 I AHEAL 15 1 o AR 3043
JHI7E 300,400,500 600,700 F1 800 C 7 [l & T X y-AL O, #4754k, JH X S ety R AT 5t (XRD) 4347 1
y-AL O ff BAS AL | FHAIGTR SRUM B L 3 T R i3k ( BET 32%) I 28 T y-AL O, B R BL AL FIFLZR R, F 4l EL
ARIRLT AN RE (FTIR) 43#7 1 LLAMBICAE AR, , FRHE I - FTIR 2 1 y-Al, O5 (¥ Bronsted FR 1V 555 Lewis B2 1V
SRR i o POABE T A RITRLEE T TG AL y-AL O, fi Ak &5 L PEMP 7 5t f) 2 B FIORE B2, #8317 y-AL O, i AL 5 A
PEMP {838 BLI% AL I EE A 400 ~ 600 C o i), y-AL O, J& T Mt AL i) y-AL O, Fh 5, LR I AACR , FLAREUN, s

PEMP 7 it 2008 85 15
REEA R FILIEIR £ I s y-AL Oy s T ARIR 5 AL TS VE
K325 0621 5 0647 SCHRPRIRAD - A SCE 45 :1000-0518 (2020 ) 03-0307-07

DOI:10. 11944/j. issn. 1000-0518. 2020. 03. 190233

y-AlLy Oy AT HER T AR W B -JI58 B 12 B | FLAS vl 8] | 2 T 52 R W0 A A, A 0 i 1 [ ot S

AL BEAEFLTE 1k B K 25 22 Bl I R T e L o

SR I SBAE T T RS S A, BRI . R H.CO-{P—OCH.CH.O )1

IR 2, 2 (PEMP) ( 45 #2401 Scheme 1 75 ) &u, "
Rz — R SR B AL T, AT Scheme 1 The chemeal structure of PEMP

AL =8 4 —BE(EG) W SL MR — H i (DMMP)
MR % T PEMP, T8 %5 fESk R U T Bsfitfk T , L DMMP #1 EG R J50RE, & i T s A Y
PEMP, FEi#i%5"* LI DMMP Fl EG iy JFURHE B T- WA [ Bmim ) BF, 1%t I ZEBE AL T A T PEMP,
Toie izt G PEMP, BT B R AL . Lewis IR H2 BT 1R JT, il LI P=01 = BT
% O JiF B B 7, (75 P 2R3 B8 2 1 1 f P, S ) R A I B ANt i 55 8 A R RO o
FHEY Lewis FREALTIA IR 2, W8S AR BRESER Bl . B ALER (y-AL O, AALRESE , Hihy-AL O, fifL EG 5
DMMP 45545 i PEMP (ORCE LB 27 o (B Ty-AL Oy i ZFLIE , 25 50 W b /K 43 il — S AL R 255
A R AL 75 M (50 A 75 2206 Ao & 38 14305 Fb T B B 58 I iy - AL, O 2% T MR B 1) AR, SLRE R 7
y-AL O Y G4 ARIF 25 R AL B AL AR A H R T
ASCHESE T 300,400,500 600,700 F1 800 CAS[R)iEE I AL T (1y-Al, O 1 it B 25 44 A1 3% i v 5T, % Ll
TR BTG AL y-AL O, X5 i PEMP BEALIE M, AR Ey- AL O, 4L & i PEMP B ARG fLIREE .

1 SRS

L1 R FFLER
y-AL Oy FIREIENG B BE T, 249 2 70 A 401500 s DMMP Wy B 7 5 K S AL T4 BR ml, Tolk 4 (4

2019-09-03 #cfi,2019-11-25 f&111,2019-12-13 $3%
Hh S RACHE A BRI 25 3% L 10 % 42 T H (2572018 BKO4) B¢y
IR R N HER L, BiZ 5 Tel:0451-82191490; E-mail :694130920@ qq. com; HFFET5 il « BELIATH & AL AL A



308 B A 2 637 %

>99% ) sEG W 1 F T 37 FREAL T AT A 1L SPHFA: Hy N, He 3450 99.999% R 46, W Fl W/
ISR A

XRD-6100 %I X GBI ARATIHL(XRD, H AR HAH) , CuKa J128, FIHE R 10° ~70°; ASAP 2020
TP (A ( BET, 3% [E Micromeritics /% 7)) ; Perkin Elmer Spectrum 400 U {# B 75 #6217 41 3% Y
(FTIR, SE[ PE 24 7)) , AL H0JE J 50 B s 2B 78908 0l G 3 X ( GC, 35 8] Agilent 24 7))
Agilent 19091J413 R % £1; Pyrisl BT AP BT X (TCA, L[/ PE 24 wl), 22 U, TH i o 2
10 °C/min; HWL-10MC B =53 5 68 5 3 b CLLEARAR A FRA R o
1.2 y-ALO,K)iEL LR

y-ALOs 89 E —EHy-ALOs L4 ~7 C/min IR A8 5 g4 b 73 3 in#A 2 300,400,500
600,700 F1800 °C ,fHilATBE 4 h, BIBCE A T s bl A8 4D,

BET Zixml X b k@A FGIE N, WRBH- R BET 3200 2 15 fky-AL O, tb R FH . He SAEZRS,p/po
BEELE 005 ~0.35 22 ( p BBt N, (EWEBHEEE R A0 ST 300 Ny LEHOREE F HIHAIZEUE) .

R ke R @A B AL y-AL O, A TEK IEEE RT3 15 ~25 min J5 38 H , A BL2S T45ae
FUESRAT . ILETT LAY 5 fily-AL O, [ L BRIR (L B BRRRBLIE BUSH S T, Wb 7Ey-AL O, T I, 7621 4
S T LB PR 7 KA 2L SN RS T LA i L BRIR (N B BRRR LA XS B
1.3 y-ALO, &t &K PEMP

H¢ DMMP 13 fkry-AL O A = FUfL BEFEIEAE] 160 °C HEIR R LA T d/s BRI EG g5,
ARLERRLAEE 4 h, 100 “C R WM AR BT AN DERR ALy -AL O, 13 BV CORFTREIA PEMP,

Jn 5 REECUN Scheme 2 iR o

0 0
[ I
HO — —
nHO Ny nH}CO_T OCH, H3CO—(>I|’ OCHZCHzoﬂ:H + (2n—1)CH,0H

CH CH;

3

EG PEMP
Scheme 2 Synthesis of PEMP
1.4 SHEBIERN PEMP 4
VEEAEA WA TR 80 C ff45 2 min, AU LAS °C/min FF2E 100 CA#FE4 min, L) 15 °C/min %
FHif 2 280 C,f24F 13 min, FID &M g8 35 A 280 °C , H, K A& 30 mL/min, 235 jfi & 300 mL/min,
RN, i 35 mL/ming H—A07= i 1531 PEMP 4[5
1.5 PEMP #iEix
FH B ECORS BE T4 PEMP RSB o ORG JBE AR/INBCER -1y St e Ak )it B2 FIAS A, AR 315 Poiseuille 30(1) ,
RPAF(2) o PIRMIRIRAORGBE Z LLAE T EANT A B8 p SIAR LRI ¢ SefRZ LE
n = 7' Apt/8VL (1)
n _ Ap, 1, _ Ahgp, 1, =M (2)
Mo Apyly Ahgpyt,  paty
A, F o 3B FIAR DR i R 2 (Pass) , Ap WA T PUSmH He g 22 (Pa) ,r B4 F42(m) L
BRI (m) o RS T AR () VR T A (m® ), A AR TP A TR0 0 22 (m)
PAZEIRK AR UED) , I 5 PEMP i 28I 6] « FO%5 B p, HEE153] PEMP KGR

2 4PR5THE
2.1 §ELy-ALO, MR
2.1.1 XRD 4585047
5 4ky-AL O; g XRD 3B 4nfE] 1 B AE 1 A[ L 300,400 FIS00 C i {ky-AL O, i 3% 26
£19:67. 00° 45. 84° 37.59° 39.47° il 19. 44°, 5 y-AL O, f XRD 3% & — 5, 15 W 7£ 300,400 Al




%53 1] INADEAT 1 y-AL O3 HEAL B R AR PR IR £ — Wi P 3o B3 At BE A 309

500 CiGEALRy-AL O, d BRI L5 48 R & W] B U7, ]
A LR B B T W BT 1) = A A B R K 435 500
600 °C ,67.00° .61.92°F1 45. 86° 1 U443 £ J5 & it
ARG PR TERE R, 37, 59°H1 32, T6° W AN A L T &
BUR U, Ui By - Al O, iy U ¥ A 84k ;600,700 Al
800 °C, =T 20 fUI&{H 2 Hy. 66.77° .45.05° ( 7%
W) 37.37°F01 32.40°, B HLH 6-AL, O, FHFAE™ | i3
W13 AR B2 5 T 600 C iy-AL Oy A 6-Al, O, f 1Y
L, HEETy-AL Oy AT BEM K , fR RS F 1] 6-Al, O, 5% 10 20 30 40 50 60 70

o BN T3 2B AL 16 PE Y y-AL O, , TH AL 20/C)
RE AR AL 600 °C , LB 0 %5 65 11 AR fy-AL O, 9 XRD i1
2.1.2 BET & L E A Fig.1 XRD curves of y-Al, O, activated at different
Hi BET J7 2= (3) 4530 (4) o temperatures
V. pC
V, = 100% 3
T o =)= (o) + Cpp) ] )
__prp 1 + C-1 X P (4)

Vilpo =p)  Vae . VuC "~ py
St VN 38 p I y-AL O, B N, 210 AR A (mL/g) 5 V., Ay-AL O 75 T B J2 05 B 260 9 1AL
(mL) ;C HEHL,

uﬁﬁf%@ﬁ%@ 2, FRHEEE 2 Bl THEE fLy-AL O, FL AR S, .
LA 300 C R iEALi)y-AL O , iR b 2 i B 5

MR Itk BRI 2 MR CIIT A 1) R (4)
R - RS AR, BV AT A y-AL O B Y
_ —— 800 m
Lo SRR,
< ool AV, BT A EC(S ) SR LR mAR S, .
V, N, -A, 436V,
00051 ¢ T 22400m m (5)
L LS, Ry AL O, TR () Y, fy-ALO,
| | Pl | WM N, SRR (em® ) mJy-AL O, HY it

P12 RIS K p/V, (py —p) ~p/pol (g) N EBTIRIEED HH A, 2 Ny o 1 i
Fig.2  Curves of p/V, (p, = p) ~ p/py for specific ~ FH(16.2 x 10 20 mz) ,22400 SHARUEIRGL T 1 mol K,
surface area measurement EAAEF(mL) .
fiisy-AL O, F FLIE & 2 W3 N, <, BiE A
Wit FLas, FLIE P Y N, U TTE L AR, R4 Kelvin 7 R25(6) , ol LATHE HAE B ALAR 7, o THESE R
T,

P __2yV
hlPo = RTr. (6)

KAy MBARTE RS,V Ay-AL O, AR B (mL) ,r, Fy-Al, 05 F- 24142 (nm)

HRAE R 1 S5 R BRI, y-AL O, LU R TR S, Bl R A3E I FEAIG, 2R T+ & 600 C i, S, HeA
PREFANAS 5 FLAR r, JU) B U052 11 P o T8 A 5 W B N, AU S AR AR V, Bt T 1 T i B 080/ o y-AL O,
FIRETE 300 °C B fi 3 2 R I M 1Y) CO, K 43, (EARFLAR A K, 353 600 °C LA I, [l B FE A 58 5
S, FVASTEA B WA (HJE N XRD 75350 ST A ARk, (045 r, AR SE3G 0 DRI, AR5 40w
S, [Ry-AlL, Oy, 1 AR AE 600 C LA,



310 A 5537 %

&1 BET ZlGFy-ALO,LbRER S, FLEr, URSER YV,
Table 1 Specific surface area S, pore diameter r,, and total volume V, of y-Al, O, measured by BET

Tr/C Linear equation V,/mL S,/( m?g™!) r,/nm V,/(em®+g™")
300 y=0.065 82x +0.001 41 29.6 210.8 13.4 0.39
400 ¥ =0.060 75x +0.001 01 16.5 185.1 13.5 0.33
500 y =0. 057 89x +0. 000 59 6.0 171.9 14.2 0.29
600 ¥ =0.058 29x +0.000 55 5.1 151.3 16.3 0.25
700 v =0. 058 44x +0. 000 54 5.0 152.5 18.9 0.25
800 y=0.06127x +0.000 51 4.2 151.5 24.2 0.24

* T, :Activated temperature.

2.1.3  y-AL O, FTIR FAELE R Kbt

Bl 3 AN A BE VS AL y-AL O ) FTIR [, FTIR & 25 AN RIS i 284k, BB T y-Al, O, ff AR 2851
MEk7E . INIET 3 HRaT LA S B 2 T AR T, 3412 em ™' b O—H (i 3R g A1 1623 em ™' b O—H 7§
T AR Sl sm RIS, A B TS IR O TR L y-AL O, K IfT EA9—OH Z#isi2b . 1000 ~500 em ™'
Hy-AL Oy HIHRAEFE SLIX,300 ~ 500 °CI5 AL Y y-Al, O 78 1 35 Bl P 5tk K 1 5 AR — 350, 15 B & R0 A [+
KT 600 CHHALMH)y-Al, O 75 I ] P iR K W TR H 0 2 S, Ul i B AE AR Ak o

300 1540 11450
400 ™

500

600

700
800

4000 3000 2000 1000 4000 3000 2000 7000

g/cm™! o/em™!
B3 AEI G b y-AL O 1 FTIR [&] B4 ARG ALy-AL Oy W FR AL IE ) FITR [&]
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Table 2 Relative intensity of B acid and L acid of y-Al, O, activated at different temperatures

r,/C L integrating range/cm ™! B integrating range/cm ~ ! L integral area B integral area Cy/Cy
300 1780 ~ 1520 1520 ~1230 425.7 140.4 0.36
400 1763 ~1519 1414 ~1343 714.5 221.1 0.33
500 1615 ~1536 1459 ~1392 387.7 80.9 0.22
600 1950 ~1524 1522 ~1282 2883.8 481.3 0.18
700 1617 ~1522 1474 ~1459 843.5 7.4 0.01

800 1617 ~1522 1487 ~1420 256.0 1.4 0.01
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Table 3 Viscosity and purity of PEMP catalyzed by y-Al, O, activated at different temperatures

T,/C Time/s p/(kg-m~%) 1 x 102/ (Pa-s) Purity/ %
300 81.3 1098 0.28 14.8
400 361.5 1062 1.22 60.8
500 255.1 1164 0.90 63.0
600 435.2 1164 1.61 70.1
700 518.6 1262 2.08 58.4
800 655.2 1 005 2.10 63.6

Distilled water 28.1 997 0.09
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Optimal Activation Temperature of y-Al, O, for
Catalytic Synthesis of Poly( oxy-1,2-
ethanediyl ) methylphosphonate

SUN Caiying”, REN Biaobiao’, DONG Tianhe’* | DAI Qiubo®, XIAO Bo"
(“Heilongjiang Key Laboratory of Molecular Design and Preparation of Flame Retarded
Materials , College of Chemistry, Chemical Engineering and Resource Utilization/

*School of Landscape Architecture ; Northeast Forestry University , Harbin 150040 , China ;
‘Chifeng Product Quality and Mearurement Inspect Institute , Chifeng , Inner Mongolia 024000, China )

Abstract Poly( oxy-1,2-ethanediyl ) methylphosphonate (PEMP) as a good flame retardant has lots of benefits
such as non-toxic, low smoke, high phosphorus content and better flame retardant effects. y-Al, 0O, is a good
catalyst for the condensation of ethylene glycol (EG) and dimethyl phosphate ( DMMP) to produce PEMP.
However, since y-Al,O; is easy to absorb CO, and water to reduce its catalytic activity, activation is needed
before use. The activation temperature affects the catalytic activity of y-Al,O,. In this paper, y-Al,0, was
activated at different temperatures from 300 ,400, 500, 600, 700 and 800 °C. y-Al,0, crystal form was
analyzed by X-ray difraction ( XRD) and its specific surface area, pore diameter and pore volume were
measured by Brunauer-Emmett-Teller ( BET) method. The change of infrared absorption was analyzed by
Fourier transfer infrared (FTIR). The relative contents of Brgnsted acid and Lewis acid sites in y-Al,0, were
determined by pyridine adsorption-FTIR. The purity and viscosity of PEMP catalyzed by y-Al,0, were
compared, and the optimal activation temperature of y-Al,0; was found to be 400, 500 and 600 “C. At this
time, y-Al,O; is a typical y-Al, O, with large specific surface area and small pore diameter, and the obtained
PEMP product has the highest purity.

Keywords poly(oxy-1,2-ethanediyl ) methylphosphonate ;y-Al, O, ; activation temperature ; catalyzed activity
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