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Preparation and properties of polyurethane foam derived from lignin oligomer
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Abstract : In view of the complex molecular structure, low reaction activity, and insufficient high-value utilization of lignin,
this study started from problems of efficient and controllable degradation, molecular structure-oriented chemical modification, and
composite functional modification of lignin, and carried out the research on controlled lignin hydrogenation degradation and the
preparation and performance regulation of polyurethane foams (PUFs) derived from lignin oligomer. Reactive lignin oligomers with
high phenol hydroxyl content were obtained by the controlled partial reduction degradation of lignin under the catalysis of Ni/ZrO,/
Hp. High reactive lignin oligomer polyol (LOP) was obtained by oxopropyl modification of the obtained lignin oligomers. The struc-
tures of lignin oligomers and LOP were characterized by *'P NMR and 'H NMR. The structural changes of lignin oligomers before
and after modification were explored. The full-biomass based PUFs were constructed by composite LOP with soybean oil polyol.
The effects for the structure and dosage of LOP on the microstructure, morphology, and the physical and chemical properties of the
obtained PUFs were investigated. The preparation processes of degraded lignin derived PUFs with different properties were
explored. The results show that the addition of LOP leads to the decrease of their cell size and increase the closed cell ratio of the
obtained PUFs, and thus effectively improves their mechanical properties and thermal stabilities. Adjusting the weight ratio of LOP,
the PUFs with different strengths (compressive strength 0.27-0.65 MPa) can be prepared efficiently.

Keywords : lignin ; oligomer ; polyol ; polyurethane ; foam
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Tab.1 Formula for PUFs

g
Polyols
Sample —————— Water  Catalyst PS PAPI
SOpP  LOP

L,-PUF 100 0 2.5 2.0 3.0 68.50
L,-PUF 80 20 2.5 2.0 3.0 70.60
L,-PUF 70 30 2.5 2.0 3.0 69.20
L,-PUF 60 40 2.5 2.0 3.0 72.90
L,-PUF 50 50 2.5 2.0 3.0 74.00
L,,-PUF 40 60 2.5 2.0 3.0 75.10
L,,-PUF 30 70 2.5 2.0 3.0 76.20
L, -PUF 20 80 2.5 2.0 3.0 717.35

Note: When the mass fraction of LOP in polyols is 90% and 100%,
viscosity of reaction system is very large,and PUFs cannot be prepared.
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26 AR

2024 4E %5 52 4 5 4 1)

HE—2 R R Z AR Y 2 580N S iebE I (A5
1y ¥2 3 J L 5 Ak M BEFR O, SR TR A K i) —O0—
CH—H1—O—CH, (6=3.0~4.0)4= /&, , K 1t 5 K i &
R Y1 'H NMR A Eb , 7€ LOP () 'H NMR % [&] rf
4.5~5.2 Kb PRI PEFR 3L | 3.0~4.0 Kb A HERAE 14 2F T
AR 1.0~1.5 40 BURER AR 675 5 B[] 7 2 430 H
B UERA T B SRR
2.2 SOP#g % # FAE

& 4 S B4R K T AT SOP i FTIR 3% 1K . 536
AR TN L, SOP 1 3 473 em™ &b H 3 35 17 i
I, 830 cm ' A Y ISR SRR IE AT I 5 2, 8 PH B4
KGNS LR TR L T 2RI E .
%] 5 Jy PR 48 K S0 FT SOP 1 'H NMR 3% /8. 34K
T2 6=2.70~3.10 &b M PR EE L b T RAE 0 7E
SOP [ 'H NMR i [ 38 S 5 b i1 2k, IR 7E
5.74 Kbt B FRFL T 1 RRAF I, 3.2~3.6 b L BL T I
HH SR O (AR AE 6, DA S8R T RN 2 s R AR
FEIR I A B SOP,

Epoxidized soybean oil

SOP

4000 3500 3000 2500 2000 1500 1000 500
Wave number/cm-!

Fl4 PRI SOP 1 FTIR ]
Fig. 4 FTIR spectra of epoxidized soybean oil and SOP

Epoxidized soybean oil

5 FAKTZIMAISOP 1) 'H NMR 4]
Fig. 5 'H NMR spectra of epoxidized soybean oil and SOP

2.3 PUFs# M 5#7
231 E4EEE

H1 4% Z 41 PUFs [ 1 7 -0 A8 1t 42 T (&1 6) FT AT
JIr A5 PUF's [ 10 7 -1 A% i e # 5 BH S 1) e84 in Js ~F-
fig i, 3X ] B HH T 7E R R 4 aof # v, PUFs 52
77T BOH He 4 98 B2 38 O, PRI ) it 2 a3

—LPUF —L,-PUF
0.8 — L,-PUF —L,PUF
—L,-PUF - - L-PUF
—L,-PUF - L, PUF

Stress/MPa

0 3 6 9 12 15 18
Strain/%
6 PUFs AR N F1-07 A8 i 26

Fig. 6 Compressive stress-strain curve of PUFs

. {H PUFs MR FLAS P25 TR, HIE AR IR 5] —
ERRE IS, Ak LB AR A R, i+
2%, LA, PUFSs 185 =i 17 77 Bifi LOP % Jin i 14 384
I I L TG REAR AR 3, AT PUFSs 14 146 5%
JE b B LOP 73 fin i 19 14 i 22 3058 b T+ BRI
P (& 7). 4l SOP il 8 1 IR 1Y 1 4 558 2 AN A7 0.18
MPa, LOP At 50% 1) SOP I, 6 UK 14 s 4 58 5 1k
F K 0.65 MPa, I HLOPEAEBRES R,/
SEER IR 2 A AT () 3SR G5 4 5 [T P HLA
WIPE ST I 2544, PR G o VR A TR i ik FE 2 5 . LOP Bt
FRAIE TN Z 50% Lh LA, R 45 560 B 4R 28 1% T 1%,
X2 RO IR N i LOP, 42 & 1 4R SN 9 i %66
B (A5 K AR R 0 Ay o AR 22 M LR T 1Y
RLEF S ERIR R A B G S5 H 1 & | fLRE
HRAZ A1 188 10 WK T BB R 4 i R
k.

s o o
S [=)} oo
‘

o
)

Compressive strength/MPa

S
o

0 20 30 40 50 60 70 80
LOP/%

€7 PUFs YRS
Fig. 7 Compressive strength of PUFs
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Tab.2 Thermal degradation parameters of PUFs

Samples 1,,/°C T,.°C  (@wd/%-°Cy  Y/%
L,-PUF 2513 401.5 4381 11.53
L,-PUF 215.9 405.0 459 15.68
L, -PUF 228.7 406.2 455 17.99
L, -PUF 246.4 406.5 427 17.81

Note: 7, is initial degradation temperature; Y, is the carbon residue
rate at 800 °C; 7, is maximum pyrolysis temperature.
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