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Preparation and characterization of rigid PU foam
ZHANG Guanming . ZHANG Kun .CHEN Chen,ZHANG Rui ,CAI Yurong .YAO Juming
(School of Materials Science and Engineering, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract; Taking xylitol as the raw material, polyether polyol was prepared by one-step method in a
high-temperature and high-pressure reaction kettle with a mini magnetic stirrer. Taking polyether polyol as
the raw material, rigid PU foam was prepared by all-water foaming method. The effects of the dosage of
xylitol, deionized water and propylene oxide on the properties of self-made polyether polyol were
determined. By optimizing the foaming conditions, an optimized foaming formula was obtained, and rigid
PU foam with excellent properties was prepared. The results showed that the hydroxyl value and viscosity
of polyether polyol can be effectively adjusted by changing the mass ratio of xylitol to deionized water and
propylene oxide. When the mass ratio of xylitol to deionized water and propylene oxide was 70:7:360, the
hydroxyl value of polyether polyol reached (450420) mg KOH/g and the viscosity reached (6500=+500)
mPae<s, which was suitable for the preparation of rigid PU foam. When the mass ratio of polyether polyol
to deionized water and polymethylene polyphenyl polyisocyanate was 100:9:108, the prepared rigid PU
foam had a uniform foam structure, the fracture stress was up to 0. 86 MPa, and the yield stress was
2. 02 MPa, with good mechanical properties and thermal stability.

Key words: xylitol; polyether polyol; all-water foaming; rigid PU foam; orthogonal test; thermal
stability
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S ABRREGR @ e TKRR @ SRRATBREE /@ FolH/(mgKOH-g ) B/ (mPars)

1 6. 00 0.70 34. 00 410.73 7342. 00

2 6.00 0. 60 35.00 420. 24 6492. 00

3 6. 00 0. 65 36. 00 289. 46 5040. 00

4 7.00 0. 60 34.00 441. 47 9624. 00

5 7.00 0.65 35.00 399. 38 8532. 00

6 7.00 0.70 36. 00 448. 82 6744. 00

7 8. 00 0. 65 34.00 464. 38 12920. 00

8 8. 00 0.70 35.00 401. 48 11411. 00

9 8. 00 0. 60 36. 00 359. 84 9890. 00
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PEREFRAIG . AL [R] AE 4 L [, 3 o 1) 5 U R iR 38
BT 2 B LR 19 AR 7 BROAS 5 SR TR 6 R 11K
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3 KB HEAR ] POTAS B PR ALK A a
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SRR B B2 T RAE A FLEE R 2L, A
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x2 BERESEQANFEEREZRER

i o AR FK D BN e Cbf s0/g W AI/MPa S /MPa
1 0. 90 0. 30 0.10 1.11 0.57
2 0. 90 0. 40 0. 20 0. 52 0. 56
3 0. 90 0. 50 0. 30 0. 81 0. 36
4 1.00 0. 50 0.10 0. 62 0.28
KU 5 1.00 0. 30 0. 20 0. 63 0.51
6 1.00 0. 40 0. 30 0.52 0. 20
7 1.10 0. 40 0.10 1.07 0. 34
8 1.10 0. 50 0. 20 0.92 0. 39
9 1. 10 0. 30 0. 30 0.59 0.21
1A & KFF1 K| 2. 44 1.77 2.58 — —
B &K A K, 2.33 2.11 2.35 — —
C&KFEM K, 2. 80 2. 07 1.92 — —
K, /3 0.81 0.59 0. 86 — —
K,/3 0.78 0.70 0.78 — —
T BRI 73 K.,/3 0.93 0. 69 0. 64 — —
W2 R 0.27 0. 08 0. 29 — —
FRIGT C.A.B — —
K Aa Bl.,s Cl * *
AKFHE As B, CI/AS B,C, - -
ATRERN K, 1. 49 0.99 0. 94 — —
BKFH K, 1.29 1. 00 1.03 — —
C/AK¥FEM K, 1.19 1. 46 0.77 — —
K, /3 0.49 0. 33 0.31 — —
. K,/3 0.43 0.33 0. 34 — —
IS 73 K./3 0.40 0.49 0.26 — —
W3 R 0.18 0.10 0. 23 — —
FRIGT C.A.B — —
K- A B, G, — —
PG Al Bl Cz — *
®3 RUKFESE B, DL ESEREY L HE o fil45H PUR %
& KR TkBE /g —HIEERRTTE /g ikl 80 Fik/g R FLY A LR,
: 10 -2 o0 2.5.2 WS ERGIIR 125 el
b 1. 10 0. 50 0.10

FIAT BB A a b Fl ¢ 4T T 14
REM, Z52R AN TE 3 Frax. AR 3 i UL, = ANHE

c 0.90 0. 30 0. 20

20.um- %1000 ——20um <1000
(a) HEra (b) HAED (c) Héc
2 AEEH%BERRSERK SEM
LA a JEIRN S fe/N, R 0. 84 MPa, G o Ji 2400 1 5w IR 1 R AR L, BDAL & o HoA B
MR SR, R 2. 02 MPa, A b JEIRN. IAF BTN J1{E . o8 0. 86 MPa,

G a MALE c ZIL, 2k 1,52 MPa, = ANFE & 1 W AL AG I 45 SR R W1 M AL ¢ e 7 4+ 19

——20 pm  *1000
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LIE NVl
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*4 BERREHEAARNZEERS g
Js g5
R ik £ ToRE 10. 00
EETK 0. 90
LB S 2 0. 50
7 80 0.10
=R 0. 06
AR T 4% 0.15
PAPI 10. 80

2.5.3 W FTRAEEH IR ML NE

XA o7 A5 i PUR M RHEAT T 20403
M. G5 R A 4 Fron. BB 4 AT 0L, 3391 em™ ' Ab oy
OB ) N—H i 4 g, 2971 ~ 2871 em !
Ab A AT R C—H W i, 2272 em ! b R
N=C=0 W §i Ié, 1707 cm ' 4k }—CONH, ,
—CONHRH C=0 M4k shig, 1602 cm ™' 4Ky
AR e A8 T2 41 2l WROMSC 06, 1540 em ' Ab Ry 5 P T2 1Y
O—H i & i 38 2, 1235 em ' b o $ROB
C—O—Chgi g W e, 1095 em ™" Ak Ay ik £t 9= 2
W EW B 4 T PUR,
2.5.4 o SR MR v VR B R B AR e

XTEH A ¢ Bie )7 A5 i PUR (% 28 WL%5 5 317 4)
BT A9 3 LR85 B R (1004100 kg/ m*, 44 PUR
%)% B Bl ) BRR J 43 AT {UEE 30 ~800 “C /A
SAUE T PUR f#EeE . 15 2R S 1y TG/
DTG gk (WLIE 5. ME 5 hal LIE A AR
R, PUR B 20 E2 R =D B 55 — B B A
200~300 C, F B /N7 B 44 4, Qb 51
B B 300~400 °C, EELE PUR 7 T4
Wi, =B =) SRR R 2 JoREA CO, 4555 —

FEIL /%

1095
4000 3500 3000 2500 2000 1500 1000 500
PH/em!

I BERBESESEERNDINEE
BBt oA 400~500 °C , F2 L&A B B A fige = itk —
AR AR CO, 0092 PUR MHORHE I IR FE TS
Rl N B EE RN 90. 16 %0, BR A hy /b i 2 i L &
skt . F UL PUR #8640 i R — A 200~
250 CH#3 A ST ] 4 1) PUR W3R 5 i B2 0
210 ‘CAAT XS W TRl 25  PUR HBA & 22 Bk

P i1 HBA R R e
100 TG
- = =DTG
80
X
M 60 F
E& 90.16%
® 40}
i
B 20 |
) S « emmmmmmee
20 L 1 1 e 1 1 L L 1
100 200 300 400 500 600 700 800
REE/IC

5 WRESERKN TG/DIG Hzk

2.5.5 MR AR IA 1Y M REXT LE

38 3 X EE SCHR AR A5 AN [ e 4 790 T o] 2 14) 58 i
ZItEEXT PUR [ 22 W0 %5 3 K M B A A [ 1) 52
AR B ik £2 e Wi 45 19 PUR PR fEXT HLan ¢ 5 Fr
No FHEE 5 AN, A ST ] £ SR ik 2 U B R KR
FRAE BTl £ 19 PUR AH T W] 264 PUR HA W i
TSt F1 2R N F RS S R

3 & it

VAAHE BN SO ) o a5 45 B4 5 8 ot 2R 2 g
MR A 2SR 1 SRk 22 o0 g . O BT IE A8 5
P TR BRI IR B 7 2547 1T U A Fnde st %
FHAE TR R TR A4 R PR REEAT 1 3R AE . A5 10 LA

TEE:



694 o T K %

e CA AP RO

2022 4F A5 AT %

X5 AERBEETEEFIEH PUR Mk
R/ E460m

R 2R R (kgem ®)  J¥/MPa ik
(gﬁﬁiﬁz) 42 0.078  [35]
(i*ﬁiiz;@z) 95 0.780  [36]
(43?:?3%%5%?@ . 0.214  [37]
<5%Ji@2i§§m%i§;%g> B T
Tﬁ%ﬁ%ifg@f 64 0.304  [38]
A WE R SR ik 22 O

100+10 2.020 Y
(450420 mgKOH/g) A

) P ABERE 7.0 g. 7K 0. 7 g A EALH 0. 3 g,
TR 1.0 g FIEREINEE 36. 0 g, BT A R
ik 2 TCIEAE A B (450 4+ 20) mgKOH /g, 2 B ik 5
(6500500) mPass, £G4 A 57 5 2 Bk W IR A4 RH H]

b) 3% 1A il R ik £ Je i 10. 00 g, 7K 0. 90 g, —
FHRLREYH 0. 50 g kil 80 0. 10 g, — L FEH#E 0. 06 g,
A RERR — T 545 0. 15 g FIl PAPI 10. 80 g. Al % 19
PUR JALE5#34 5] Ja IR J138 5] 2. 02 MPa, W%
N3k 0. 86 MPa, R LA (100+£10) kg/m*,
#& PUR WflfLlic 7 .

o Frifil A5 PUR MORHEAT R 4719 7 22 P fig )
PF e BB A B

S 230k

ORAR, N7, RAFLASEIIM. 3 M. Jbat. b
Tl Rk, 2005:393-395.

[2]Yang Y, Dai Z, Liu M, et al. Flame retardant rigid
polyurethane foam composites based on microencapsulated
ammonium polyphosphate and microencapsulated expanded
graphite[ ] |. Journal of Macromolecular Science Part A,
2021, 58(10): 659-668.

(31 X7 5K IS BRI ATORS B2 427K 4 16 A 5 S R 20 &
RHFSE R LT ] ARET & 5 R . 2017,32(1) : 109-112.

(4] BRIUA. 22K A 0 SR MR IR 1 ] 2 B 2 K O O BF 5
[D]# B IHT K%, 2007 : 1-2.

[5] Yang C Z, Shao S Y. Rigid polyurethane foams
containing modified ammonium polyphosphate having

outstanding charring ability and increased flame

retardancy| ] |. Frontiers in Materials, 2021 ; 249.

[6] Thirumal M, Khastgir D, Singha N K, et al. Effect of
foam density on the properties of water blown rigid
polyurethane foam [ J]. Journal of Applied Polymer
Science, 2010, 108(3):1810-1817.

L7008, sk e 7, T JRUREL & V700 Fn % 571 / 8 106 590 %o 288 g 78
RABL IR 5w LT 45 bR 24k 5 0 2019, 48
(1):25-28.

(8] F5AACHT S B, T . R Tk 22 JU B A A 7™ DR B A i
JELT]. 22 AE B, 1997(2) £ 49-53.

(9] XUAE %, T 4% W 4R 55 , 45 47K i 3R G T s . 2 X
RESZ M B B) k5 L) ] 3R & Tolk» 2020, 35(1) : 23-25.

(10] RV K11 & KA 55 K RN 2K & 1 3R R AL TR
eI E R LT ] % o> TR R R 2 5 AR,
2012,28(7) :67-71.

C11] Tl 2= X, SRR VL. T i BELRA 427K RS Joit 2R 2 I ¥
KM Z5H S PR oE L) ]. D Be AT KL, 2013, 44(S2) : 285-
288.

(12] Whl2e , BRI 4x , EARFT. 27K R i 5 2 Ee i ok SR F
FELT 1. 3R . 2007, 35(3) : 62-65.

[13]Chu C C, Yeh S K, Peng S P, et al. Preparation of
microporous thermoplastic  polyurethane by low-
temperature supercritical CO2 foaming|[ ] ]. Journal of
Cellular Plastics, 2017, 53(2): 135-150.

[14] Li X, Yu Z, Zhang L. Synthesis of a green reactive
flame-retardant polyether polyol and its application[ J .
Journal of Applied Polymer Science, 2021, 138 (14):
50154.

(16 J5 &, 4 TAk. SR E A5 v B i oe [T 1. iRk
“2BEAAR . 2003, 16(6) :58-63.

(16] EvKAm. 427K it 5 2 T i e ) ) 6 S BELAA 1% e 1) B
FELD] KA H MR, 2015 4-6.

(17] . SREEZ TURER & N RAEL D] R 5t F LR
#, 2009:9-12.

[18] XWLL . SRk 2 JURNG i HoARSE L . 2REIME T, 1995
(2):14-16.

(191 % i, 47K b o 3R A B IR PRl A B B 5E [ D] A AR
AR TR # B, 2009 12-14.

[20] Zeng X, Tang T, An J, et al. Integrated preparation
and properties of polyurethane-based sandwich
structure composites with foamed core layer [ ] .
Polymer Composites, 2021, 42(9) . 4549-4559.

[21] BARLE . B 5 20 VR It Ab 0 SR Tk 2 JC B R LT .
R Tolk, 2005, 20(6) : 28-32.

[22] David J , L Vojtova, K Bedna? ik, et al. Development
of novel environmental friendly polyurethane foams[ ] ].
Environmental Chemistry Letters, 2010, 8 (4): 381-
385.



% 5

TRE A T IR E R T VR Y ) A SR AT 695

(23] X35 7. B me Rk X B Rl M. 2 B b o .t
Tolk A, 2013.72.

[24] skio0, FLILSE, BME4R . 5. BB ZooREnRswILT]. 1k
THrlafA, 2007(7):13-14.

(25 #HBEMRTHH 3 ik 22 JC Bk il T2 oe L) . &R T
Wk, 2003(3) :29-31.

[26] THIE . B2, 5108 KT RL S 5 1 SR ok 2 U 14 )
e N RLT I A~ 4 kR0 5 w8 70 540 KE, 2017, 15(5) : 8-
19.

[27] Basterretxea A, Pariza X, Gabirondo E, et al
Synthesis and characterization of fully biobased
copolyether polyols [ J ]. Industrial & Engineering
Chemistry Research, 2020, 59 (23), 10746-10753.

[28]Mu Y,Wan X,Han Z, et al. Rigid polyurethane foams
based on activated soybean meal J ]. Journal of Applied
Polymer Science, 2012, 124(5):4331-4338.

(29 BRAAE. Arim b T H R 3E & 51135 43 BT : 2008-2011 4F
M AT Al ol bkt 2011:252.

(307 X175 5 Jo 208 2 P vt VA S Ak 4 BELIA 910 08 B i e L L
FE[D] b5 LT T %, 2016 56-57.

(310 X055 F o 5K uK BAEAE 45 25 O B Tk / B o 2R 2 g e
KRG AR 48 A M RELT 1. 52 & B #2240, 2020, 37
(9):2094-2104.

[32] ¥ 2258, AT 3 A MR 0 UKk 1) & B Bk R = P32 (D). &
JE « o LRl AR K2, 2015 35-38.

(331 5KuK AHFR T TRAFAF 5. = 3% S0 e 1R IO s 5 2R
B PR 1 il 28 S MR LT . A e Ll RS2 4l CH AR B2
R »2021,43(2) :197-203.

(34 % A, i R4 RER S . 25 357 7L Al o 2R I 9 UK 1 4
GRARAT R K g g 2 0] R MR T 2020, 48 (1)
104-108.

[35] Hakim A , Nassar M , Emam A , et al. Preparation
and characterization of rigid polyurethane foam
prepared from sugar-cane bagasse polyol[ ] ]. Materials
Chemistry & Physics, 2011, 129(1/2) :301-307.

[ 36 ] Zieleniewska M, Leszczynski M K, Kuranska M, et al.
Preparation and characterisation of rigid polyurethane
foams using a rapeseed oil-based polyol[ J]. Industrial
Crops and Products, 2015, 74 887-897.

[37]Wang Z , Ma C , Zhang C , et al. Study on all water
foaming of rigid polyurethane foam and design of high-
performance formula[ ] .IOP Conference Series: Earth
and Environmental Science, 2020, 446 (2). 022082
(10pp).

[38] fRdh. ABTREERBZITE NS AN D] KK
A Tl K2, 2016: 35-36.

(REHE:KSEH)



