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Abstract

In this paper, the preparation and characterization of novel phenolic resin based on plant re-
sources were reviewed. The plant resources include lignin, plant polyphenols, cardanol, tung oil,
camellia seed meal, shellac and bamboo tar. This new type of green phenolic resin will help its ap-
plication in all areas of human life.
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2.1. RRENGHIRIER

ARBTR AT A R SRR R A A R —, AT A REY T, ZEY4i
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AR G YER ML YR i B 2, RER EOOR TR 4ER KRR 7> Tk R
AR =ERCRm 2 T E, ARTEAR. 20, REERRED T, J54 KA REmTH
WEEFOREIR, AR BS54 B 2% T LA 25 1] [2] [3]-

AR 70 R A B E A A AN 2 BT RN AR, AN R BUR & e R [ &
WA A, EEZR A A A3 FonRA. RERNERGH LRGN, 3 AL,
HEUAIESE K . 5T B B LR B IR 55 (1] 1)

RFERGHT AR ERR, 5o, M, B BESAK. T2 ERRNFAE, i
PIARBRERRER A B RN ARFRG PR (e dE,  DAREFRSE R 2 3 P A7 A . AR
REH IR T RS, BN b 2 BRI RR B B A
UNRE SR A5 3R IR AN A8 S RE L, [ I B REA SR B R IRV IR R RE SN RE T o R 2R S5 4 T
R AT B IR A A

ik

DOI: 10.12677/ms.2018.83020 163 PR R


https://doi.org/10.12677/ms.2018.83020
http://creativecommons.org/licenses/by/4.0/

2
ey

&
CH,0
HO-§:>—C—C—C Ho—g:>—C—C—C H0—<:>—c—c—c
CH,0 CH,0
AL KT HEELSH IR L

Figure 1. Three kinds of basic structure of lignin [1] [2] [3] [4] [5]
B 1. ARBRFE 3 FEARL[1] [2] [3] [4] [5]

AR FNBELS A AR R BIAR R A2 OBV . FEARTERAIMIEE B, AXRE 2 B RR. &5
B2 BT IR WFRIENEERR . PTRRRAF PR S M A, RS PR R A M AL T BE R o A28y £ 2
BE o ARk T BRI RS, IEATBERNER:, BRI R AR K - TRIREE[1] [2] [3] [4] [5]

2.2. REREHIMERR

A Z A — ARG %5 B KL 4E 1.35~1.50 ZIf] ToeZim eI . M AE T 2 3L ], T
HBZ R RERER, »TAMS FIRAARENEE, NETHZEMN. 1E—MHE% SS9
Jii, AR TCHA ST B s RN I B S AL e AR IR 127°C~193°C. KRR TR LUAE]L+75, H
BRI R AN > FREMRSZ, —R2JLTREILE4].

AT R 11 7 SR 388 Aol 43 S A AR B B A AR B3 . AT 2R 1) DO R 5 o i M 5 o 1 /K SR 1
ITTZE R[], ARBRZERIIG A LTS yC 2955 36 md/m? (k) [6]. IGC i London /J ySd ZI7E 45~49
mJ/m? 2 [A][6] .

AR F A M B AR T 2R IS PP 2 B IR AETEZR IR R ifh . ik AL DL R OB AEAE M
BEROR FAIESE . D5 BRSNS RS RO, A A R 1 e I SR [6]-[16]. A R A I B A B
B REL, SRR EB RN . B TR DUR AR OB, FREE . BRIt n] DAk AT e gk
o ARBTG5 NEEEREE, W] LAMG ISR /K PE[17]-[24]

2.3. RERRFEA BB AR

HFARR RS B S AE R, NIAE & O T AR R I B R I, A BB mT LA
FAAER 5 S S B, SCRT DA VR RS 5 250y S N, 38 3] 745 24 FR R AR 2 7 1 0L o

Tt AN W AR TR S &Y 5006 MM IR AR IR AT Sk R B AR I P i, BAR
AT E 100 g, 0% H% 100 g ANA[F] FH & (1 7K BC il i B, FORBE SR BE 2 M — 2R &R il
PR R . AR VAR A N R B, AP TR 22 50°C, HHEER 0.5 hy SRJE NN I
(BB 80%), #k4:T 50°C ™ 0.5 h; BfJS7E 1.5 h NEIETHR 4 87°C, #£ 30 min WTHEZE 94°C, 7
20 min WRHREIE R 82°C; MU FRMATRIR I i, JFAE 0.5 h WTHER % 92°C, fHIR — BN IA], frik3
JIT 75 BEORG BE IS VA 0 HORH L] [5]

FH —FK AT N T I T AR MW B ARG 7775 [1] [5]. AhAT TR 7K 50%[FH% IR 2R 1A AT 2% 300
g 5 90%MI 2K 167 g #HATHHEYS 51 5 15 2 & [ 5 64.2% 1721, 534 90%I1I 2Ky 14.4 g+ 37%IH H %
16.9 g, 50% NaOH /K& 1.4 g F17K 25.1 g IR &325), SRJS7E 90 min NFHIE A 95°C[HI 70 min; BG4
BRI ER, A 50% NaOH /KEHR 2.1 g 37%[F % 10.8 g fil LIARR & - KEHE AW 2039, I
In#Z 95°C [mlAL 20 min, 55 80°C ¥ 27 min; f/ER IR E I, 13K 0.46 Pa-s. pH {E Ny 11.4
& 37. 2% 5 T AR B2 By M HE IR 7)o CERI S MY RER R T, AR 2 7] AR 259% 19 81

TE YRR BT 22 7T 5 FR 8L AR A o 2R T R IR 1]

PATHZRRY M E A, B R R N TR A8 Rk, SRS TEREr 23 AR B oy A R VA VBN =
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Figure 2. The rheological curves of different lignin phenolic resin [24]

E 2. TRIARBRE S ERMEERERREZE[24]

Table 1. Rheological curve fitting results of lignin phenolic resin [17]

F 1 KREREEEMEER T LIPS R[17]

P51 % IgK n (IEFE %) NGIPN-)
8 0.736 0.67 0.9888
14 3.329 057 0.9914
20 4.189 054 0.9885
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Figure 3. The structure of cardanol [50]
B 3. BEREHIZEHI[50]

LB NI 7> 7 EAHEIN, BT PR, AR K. S B, TR RS
T ) I SR 2 SCA AR 1), TTAC I 3 X R B AR AR 24, A T 73, 1 By F &0
7o IX 2 M A T 1) A A WA AR AT A I SR

b WMEL ] 3 W LUK I, EART RSB 14%A0 2006 I RE S i85 35y, BIAE BTEI R Jy b K 1
BUF, L TORGFERE BT )N )R KA KBS, W& Y R . X R ) AR R O R AR B G
W ILE IR 25 F B A2 BRI o TR G A 4 b o T IX SRS IR A BRI, 18
BT VIN IR (7 <7 s 7 NSRBI SR), KhEEBEAE BT U1 39 0 gk > (V) 2128 Mi AT ) 22 T
bt B D) R R0 o TR gAS , orFRERE RSN 7 W R AR FE S B UIRIIER TR (7 >y, ) HEY)
IR, XA RN AETR &5 T IR o T a5 MR AL AR T NS IR G, AT A e 201 BE T A 17 I N 1)
W2 L5 M B s, REMITRE S TS5 T IR MR R, SREE R, SERIYIIZ
S5, TR IS FRY 19X 24 5 1) 0K B v 2k o SR UCHIOR BRI INN, S8 1 I I T 1) X R 254, BRI
14%FH 20%HF: it 75 = BT DR 7 XA X — IR .

Frazier 25 ¥R 18 7 My S 1) CP/MAS 13C NMR $[25], ARAEABATIRIE, ByBEH As A DOAN AR 16
S AIfE 35+ 63, 130 A1 150 ppm, 73l KF R A HH 2 - Bl SRR - Bk HURCERAR A B 1 5 A ik LA
F R FRHE - ko

FH T A 5 28 A A4 43 - A A A TR I Ab 52, R T SRk BE IR, 6 BRI B — 8 B3R T
TEPE. H TR RS A i 1 A R . R R O SRR S R A e . s R
FH SR A0 AT 25 5 B AN 57 IR B ] CASSE A I3 22 109 M, (EANBEIG ISt i, AR AN . Nk, i
7038 W] DL S WA R 2 e AT IS AL . eI R R Ok i A 2 I N . AR R
My B AR T 50%, BEAE BN N, AEEoR B REUEE . AN & SN A g, A8 TR
KREEDREE,  H e A B R R R AR R VE FE [26] A #R0E & PHR 2 PR AL O TR )i 5 (HKLF) 5 PF
526 1) £ TR 5 3R /I 8 52 4 R 3 77 (KPR PT DLE I A 4 HKLF 78 0 &K 15 KPF [T RE[27] .
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FEAR TR 5 IR _F 1 TR AU 1 el i AL T T A B R B R R R R PR B, RIBEE IR R R
RO, AR e S I RE M IR, R — M) O AT T . A B TR AR B R AN RRAE R i T R
AR R BR EE AR, RS AIRAL L [R]IN E RE H7p B AT CAAS B PR A R B R . TR
PP Rl T L o P e s 2 PRI AP » 4 A 5 3 45 A v TR PR A8 — Iy 2, o L S Ak E B By S R [ 28] -

B 26 A B A S AR A B el 26 1 T RE A BT 385 R M A AL 2 SR B AR RS PR R 5 9%, 3K
7 AR A B B ELRE — s RERE IR im0 3R 1 2 SRS AR A AT S — Rk R
A 21 5 KRR E . 100°C R S, ZLAMNERE S 32 (s 734 A LS SmOR 3O A 1 A SR, (R H
SEAEBVE . BRI, TR, TS 12 RR R AE TE[29] -

KB R R OR AR R AL A v, RERSUERICR B, AT B AR 2 5 I Vil % LPF. Bt
FER], H B I 2 (EHL) i 70 ACEr 20007 My & R e MEBRE W T, BoAT PLBCER AR AR 0 2 PR RE30] o

M T ARBURBRIR ERA 2 NI, i LASL AR S5 SRR IR 8 5k Py e S it A AN RGE . H AT HGE ) 32 2
T L FH A 5T 2R TR 56 RO W 2 A A SO By AR A« Sl 7 v TR P 2% 1 R A AR5 IR 2 R 2R My A A S
FEION PR S S A PR R I o R 73T CARBAROR B SR A 0 i, [ e o PP S B SR e A M P
SRR, AMAREB B S 5RO, BRI 6 A HEYBRTR31]. AW TN SR AL
IR B Sl AR o 2R IR P15 ZIR SR BARR S I AL 4, SR R A P AR R 1 A8 A A R A3
RIEIEIREF(LPF). AT /IS 3 UM BB 7) 2 M, 146 () LPF B BRI 2519
e, HUORE A, WAL 140°C. WRALITTE] 15 min. 2R 5K B BERR B5 5T B L (AR EE)
2:1, B DAV AR BURIEIRES, K A3 BB AR B R I e eV (K 2 LD 117 I, #4536 LPF B AT
AR Iy Wi, RN AR, IR TEREth BB R[32]. A HGEIN N IR R IR (HLF) N
JEURE, AT DAR ¥ FP B A S N ¥ SE 0 i AR 2R R BB P, AR i 2 e P S A S AR I 2 AR A7 ) e
B L : LB 5T 285 o e Ly 3: 1 fRE A 771 FH 0 0.25% (R A 5T 2 AH EL) » o] 4 LS AR (RO T e 9 1 [33]

LRI FEN G R AT A P KRS AT B A T 28 S T My A 5 ARy R A I, AT ) 26
FER R o W FC R L B A B R B 70007 B i, T DASJAS LG e B A8 A B Y T [34] o

M T H REEAR BRI iz, P AR R A 7 iR S e e B A AR B R, IR R 45k -
A TP R R i A S T, SR ) 2 I AR Al A7 — SR IE . LB SR IE AR T AR RS AR S R
HR > BACAT BRI R, )46 o LPF, LR & T 2608, RBER A 50%A ), HRESHR
My BE /K B 1.5:1, AL TR FE A I AE 10%, 5209 80°C, M 3 h, Hil#531) LPF Jif 2 W & & < 0.1%,
JEOHE o B AT BT ) 55 B 3 1.5 MPa [35]

3. EYIS B R E AR

%)% 8 (plant polyphenol)/2 —2K " ZAF4E T P Z B EERIL &Y, BA ZoMaii, EEAF
FETHEWIIR . R AL HERCRA[36]. 2 By b g i 5T (Vegetable tannin), {EFEY) & &
MR Tz FLERNARTR

Y ZMAAEARF NG EIY S, STHMBRSIEMMAYM T . W%, S0 RS LK
TR 600 M, FERMIH IS EIOR T A 4R P 4ERMIARRIE([37] [38] [39] [40].

3.1. ISR A

3.1.1. £ZEH
WEWHERM R —REERMLF S . EaEm(H BTN 18%~36%), i) (kS 2B #A,
{5 FBAERTHHAIZE), 1 R(ZNANARFE R K), SFAH SRR D, AR EYML A
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R BIRAK IR R XA T . KGR, RIS K2 RIS B, X
ZWNREOEFE AR RS EE, SETRK. 8. FiE. WER KRR, fMosTmlk NET
FT BRGNS, AGRYE, THAELF, 75 160°C &M RINZ £ 5, 30 min 575 2 Ml i 25%.,
B AMAE EACEPY ) LA, TRESIN 2 B i f i S K 1 . 2R 2 B B TR R
P, 7 pH {H 2~7 JEFEI N T3 A2 €, e Bl pH KT 8 I B R &, 8BRS T gk B AL S [39] [40]

3.1.2. AEZEH

HE ZWe - MEDZHmREE, S TK, B THE. CBEEGIERT. € ZHFET
AR MEE SRR, RRZEHHERILRREMIRA ., BlR, EEE, MR R n T
WA, K LURIE O NS RENFEE, nTLUAE] 80%~85%, HAt /i) LA RAMEIILFKRNE
BIRZ, R¥H 5%, HEZEMH &SRS ENZER, $5 0 ZIRIE O R ERFLOA%E. £HE
FE5#EE Ky, MEZmmaaie, AR, DEANREY, ZMmEETIA 25%~50%, FFF
AJIA 50%~70%. Fit LABILZE ] A ANt 9 A5 FH PR 22 13— i DA 60 4 R 4 L 38]

3.1.3. ERZE}

SR LR LN AR AR, 2000 K IR E LM BOR BORNIR 3 2 W S5 s 3 1
AR, FEHER, GIETRKMEE. FRZEmT, CISRERANEMNRIRIL S 25%, LR, RIL
K KETREHIKRLA L 15%, MR, BER. NEEGR. “ATH. WEETFEL4 5 10%, FiE
3% 254 5 50% [38] [39] [40].

3.2. HEUZERISEEH

ZWRUE N T E—MAE 500~3000. 41855 10 S5 F R, Frendenberg K 5.7 43 /K fift
B ARG B ORI . T Haslam AR RLHURE R A 22 ) 43 9 SR RG IR TR 288 (5 /K B 1 T FLAR DR AL & 4) #
B BERE S (EU6 B7 he oKL &) P K 25[38] [39] [40]. RRGERA K L MyRIKMER T, T HNERF
BEE, R AN ICRNIZ L, BT RS 2 AR AT R, R B BERIER AR E,
Sk, e e BBR T e TS, RERERAZ PSS BT, SIEEEAREY,
BFEFE-3-0E . FEhE-4-TEEE, 0 THhINIT &AL C-C BAHIE, 4G /KME, TESRBRIESIE T 466 A
TRV . W)L E, I BEIRA . MM SE B 8 1 B S N A A T

BRI R G T — R A, BRI MRS, Hoh AR NI =45, H C-6 1 C-8
HARBEMSER M, v LA EE— R R AE By B 46 & [ R[38] [39] [40]

3.3. HEMSEHIMERE

W Z B RSV i T 2 uB A IR T8 — R AL 2R, B BraAL . i BRI N B 2t
BEIMAE . WSO AN SUBPTUMIR . R RS Z M ABE A RE S AR . RS
RS 2 M Jm B T R A 4 A 4 [38] [39] [40], fEHAER M. BE25. HIAMLAdh . BEaE. Aot DU fR 62 dh
5T DB E A .

KEWEAPUEAMAN], RIEEEGEBREVEA B d2E, Ml A, BEEmE T, ¥
YRR P PUE AL B 1 R 52 [40] -

1] 2 By e F A A1 2 Al B 1 (LDL) B AL T A Bl TRl ksl i« SR AR RE AL A A2

SR Z I AR I A ARMR A SRR, BAT IR R RE Sy, H+ 5 F2dk F AL (-OH) 4 75
e 230 I I EAL S B RRa e 1) B 2k, AT BR R Nt 22 1945 35 B IR 25 [40]» SRR SERU + By 2R
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3.4. HEMSE BB AR

T T - MR R A e i — S, WS 2R e R ST R A B A . Akira 25[41]
4 AR - B RERAR, SRR AT T IO B A S IR RE D, R B T B (Y
W A AR B 1 4 8 B B A

Saucier Z£[42] [4310F7L T )L RS LR CRERR A& RSN 1%, R RBINVELHAT T8RP L
WHRE OB LR B TR AN R, Z IR 1 Js 1 2R B2 LE 2 R, 7E 35°C 461 T t1/2 4301l 2h 6.7 £ 0.2
h (L)1 2.3 £ 0.2 h (LERR): T 4P & FBAAERIGOL T, RO 2 AT sl B 1t 45 S i it — 2 ik,
LB 112}y 2.2+ 05 he XA, N HA:

OH

CH3CHO (Acetaldehyde)

HO (@) é/ H
+ and/or R
OH

OH OHCCOOH (Glyoxylic acid)
(+)-Catechin

(+)-catechin-CRH-(+)catechin dimer
(R=COOH or CHs)

Sekaran S5 [44]AF 7T 1 A [l i) 2 T pg R e By IR RS I A5 28 B0 - d IR Ml . Zead 204l
P M USRI . PURTRIERESE RO, 45 R W 5 B BT - B IR B B U vk RE
Tk RE A P, (AR E A — SRR R FRR.

T 3R R L AR L 3 B SR B A I . B e B RR B Eh R DS e L PR
LDL-C (fik%5 5 i 2 13 L ) F) 5 0 55 22 A AR W PE AN 24 B 2P e, DA RRAE AR ARV PRI TR G, IR L
XA S 7 T R AR LE[45] [46]. A HAR LR R 5 LR M T IS RIR LR R, SBUNERK LR
RIBMAE CTR S CEFRUKIE BRSO, RSIJTIRJE BRI OB, SR 35°C o [N
O, UIE KA SRR SR i = IR [47]o SRS

OH
o o
c + CHsCHO _ 7'
OH

OH

SNEE R 53559 Mn = 2760 (Mw/Mn = 2.1) I Mn = 890 (Mw/Mn = 1.2) 158 ) LR R (A LA 30
THEN290), L HRMERENIAG REY]: BILRR R LR B i ert, SEompisirid &
H HFERE S LA PRI LDL BIRe J A piri s, JF HIXEert i 58 ) LR R B0-F 12 7B R R .

4. BEREREIEE RS BE
4.1. BEREHGEH
2 5L Fp3 (cardanol) & K 4R BB 5 55 ¥k (cashew nuitt shell liquid. CNSL) ) FEE sy, AR Tid At
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FNEIF=Y, HEWEES . M. PEREMUR[48]. S rh 2 Rk & 1 B L 1% (anacardic acid). /b &
I R — W3 (cardol) FH % S 13 (cardanol), N T 5 4i#k v CNSL [49]. FERERTE 120-200 F& in 4 i 72 A8 i i
P[50 JE SRS Hh I SR Ay ik 3] 90%, H 2544 WLIX] 4 [50]-[55] -

FE SR FE I A 0 - BRI A AT (R 2RI, R R KL 72%, FEE YR E 5 21%,
I TR 5 A 0 o 5 2 43 7% o 156 I R e v B AR LR 0 P R A, L o I SR B AT AR A [5 1]

4.2. EEREPRIMRE

JE SR (A b e e 5 B B, wT DLs ARG B R I AE M, B KT LR Ak [50]-[55] . AR
By hiifh, WUE/NT 220, FR{ETE 180~200 2 [A][50]-[55]. FE SRy AA HAFHREE. M. mKHEm
fit 4k 2 [51] [52] [53] [54] [55].

SR P B AR 1k R T DLV S 022 3 B .
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Figure 4. The thermogravimetric comparison of common and cardanol-modified phenolic resins, (1) normal phenolic resin,
(2) cardanol (3) cardanol modified phenolic resin [57]
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Table 2. GC-MS analysis of cashew nut shell oil composition [50]-[55]
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Table 3. The basic properties of cardanol and ordinary phenolic resin comparison [50]
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Table 4. The mechanical properties comparison of ordinary and tung oil modified phenolic resin [58]-[66]
F< 4. TBFNHR R EREE A AR BY 11 M BEEL 3R [58]-[66]

gE| W T A i
By )3 ¥ /MPa 9.7 15.4
ek iR kI -m 73.4 110.6
% A (HRR) 118.2 1206

DOI: 10.12677/ms.2018.83020 172 PR R


https://doi.org/10.12677/ms.2018.83020

%

St

%

B2 AP I P ) [ A T T 5 308 Py e P TR 2 J A AR PR 2 B T LA B R, (HLEA HY PRI
EARAIRE o KRR SR AP B R RS i B A AR (K 1o

8. YERiME B AR

WETRFERAFEE, TR Oz — ITEK, BEETRITRKBERDGE, 7R
AP R A OR BRI P TR L) BT R PSR 10%, BRIHR AT Sk H 2 32 BT EAR[71] .

P ERH AL — P A 0 RT A BR GRS E > 43.6% . AR EGR[71], HOaT LASRAE
DNIRIG RER oy B A DAL 17 1 AR A P 2R S 22—

SREEN[TLIN AT B i % 1 By I, A AL 28 B = 2.0 ATl B %0 50%. NaOH/
Ky = 0.35 F1 N2 [a] 2y 60 min i FT il 15 (OB I W I B AT LE B0 i) 45

9. g5

I FH AT A A B RS B A I AT M I B AR AT SRR IR 51 7 B, (HAAA0
i 1 A S e AR S B bt B A0 A e BB . 3R DR D T AR BRI A P I A
i EL A T AR RO, T S 36 P By B R T Py T 2R SRR o (EL LR P P SRS, S8 T AT AR B
e B B PR AR i O PR SR 5 T R TR AR B, AR TN 51 F PR BE R E

By, S AR B By AT P E RS B E R .

SE

[1] R AFER. b3 2Dk, 2001.
[2] Pucciariello, R., Villani, V., Bonini, C., et al. (2004) Physical Properties of Straw Lignin-Based Polymer Blends. Po-
lymer, 45, 4159-4169. https://doi.org/10.1016/j.polymer.2004.03.098

[3] Kubo, S. and Kadla, J.F. (2003) The Formation of Strong Intermolecular Interactions in Immiscible Blends of
Poly(vinyl alcohol) (PVA) and Lignin. Biomacromolecules, 4, 561-567. https://doi.org/10.1021/bm025727p

[4] Ogawa, K., Tanaka, F., Tamura, J.J., et al. (1987) Correlation between the Glass Transition Temperatures of Polymer
Mixtures and Intermolecular Force Parameters. Macromolecules, 20, 1174-1176. https://doi.org/10.1021/ma00171a055

[6] E#F, WME, WIS, & RTARRRNGEMEL SRR 50K, 2008, 16(1): 71-77.

[6] Shen, Q., Zhang, T. and Zhu, M.F. (2008) A Comparison of the Surface Properties of Lignin and Sulfonated Lignins
by FTIR Spectroscopy and Wicking Technique. Colloids and Surfaces A, 320, 57-60.
https://doi.org/10.1016/j.colsurfa.2008.01.012

[7] Kubo, S. and Kadla, J.F. (2005) Hydrogen Bonding in Lignin: A Fourier Transform Infrared Model Compound Study.
Biomacromolecules, 6, 2815-2821. https://doi.org/10.1021/bm050288q

[8] Banu, D., Aghoury, A.E. and Feldman, D. (2006) Contributions to Characterization of Poly(vinyl chloride)-Lignin
Blends. Journal of Applied Polymer Science, 101, 2732-2748. https://doi.org/10.1002/app.23026

[91 Kubo, S. and Kadla, J.F. (2005) Kraft Lignin/poly(ethylene oxide) Blends: Effect of Lignin Structure on Miscibility
and Hydrogen Bonding. Journal of Applied Polymer Science, 98, 1437-1444. https://doi.org/10.1002/app.22245

[10] Kubo, S. and Kadla, J.F. (2004) Poly(Ethylene Oxide)/Organosolv Lignin Blends: Relationship between Thermal
Properties, Chemical Structure, and Blend Behavior. Macromolecules, 37, 6904-6911.
https://doi.org/10.1021/ma0490552

[11] Kadla, J.F., Kubo, S., Venditti, R.A., et al. (2002) Lignin-Based Carbon Fibers for Composite Fiber Applications.
Carbon, 40, 2913-2920. https://doi.org/10.1016/S0008-6223(02)00248-8

[12] Li, Y. and Sarkanen, S. (2002) Alkylated Kraft Lignin-Based Thermoplastic Blends with Aliphatic Polyesters. Ma-
cromolecules, 35, 9707-9715. https://doi.org/10.1021/ma021124u

[13] Li, Y. and Sarkanen, S. (2005) Alkylated and Acylated Kraftlignins Are Predominantly Composed of Well-Defined
Supramacromolecular Complexes Assembled from Thousands of Individual Components. Macromolecules, 38,
2296-2306. https://doi.org/10.1021/ma0475464q

[14] Kai, W.H., He, Y., Asakawa, N., et al. (2004) Effect of Lignin Particles as a Nucleating Agent on Crystallization of

DOI: 10.12677/ms.2018.83020 173 PR R


https://doi.org/10.12677/ms.2018.83020
https://doi.org/10.1016/j.polymer.2004.03.098
https://doi.org/10.1021/bm025727p
https://doi.org/10.1021/ma00171a055
https://doi.org/10.1016/j.colsurfa.2008.01.012
https://doi.org/10.1021/bm050288q
https://doi.org/10.1002/app.23026
https://doi.org/10.1002/app.22245
https://doi.org/10.1021/ma0490552
https://doi.org/10.1016/S0008-6223(02)00248-8
https://doi.org/10.1021/ma021124u
https://doi.org/10.1021/ma047546g

2
ey
4

[15]

[16]
[17]

(18]
[19]

[20]
[21]
[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]
[33]

[34]
[38]

[36]
[37]
[38]
[39]

[40]
[41]

[42]

Poly(3-hydroxybutyrate). Journal of Applied Polymer Science, 94, 2466-2474. https://doi.org/10.1002/app.21204

Chaudhari, A., Ekhe, J.D. and Deo, S. (2006) Non-Isothermal Crystallization Behavior of Lignin-Filled Polyethylene
Terepthalate (PET). International Journal of Polymer Analysis and Characterization, 11, 197-207.
https://doi.org/10.1080/10236660600579276

Kubo, S. and Kadla, J.F. (2005) Lignin-Based Carbon Fibers: Effect of Synthetic Polymer Blending on Fiber Proper-
ties. Journal of Polymers and the Environment, 13, 97-105. https://doi.org/10.1007/s10924-005-2941-0

Vrld, &/bag, B, % KBRS EXN R TR T MR AEEE AN 42 % 58K, 2007,
15(1): 36-39.
Bhgh, TR, THL, &5 KPR BEM G R IS B % M RAE[]]. 45 R 550K, 2004, 12(4): 19-22.

B, T, W, & KREEMEMIERER CP/IMASI3CNMR HAL[J]. F4:%R2 510K, 2005, 13(3):
39-41.

Shen, Q. and Zhong, L. (2007) Lignin-Based Carbon Films and Controllable Pore Size and Properties Lignin-Based
Carbon Films and Controllable Pore Size and Properties. Materials Science and Engineering: A, 445-446, 731-735.
https://doi.org/10.1016/j.msea.2006.09.066

5K, VT, AR A IR BT 4R ) % LR AE[D]. 2R R A S HOR, 2009, 17(2): 6-11.

W, . ARRSE M2 TINROOT R[] d4ERF 510K, 2007, 15(3): 61-73.

KO0, 5K, . RBREGUORMEBE R[], &2k, 2009, 9: 32-37.

Shen, Q., Zhang, T., Zhang, W.X., et al. (2011) Lignin-Based Activated Carbon Fibers and Controllable Pore Size and
Properties. Journal of Applied Polymer Science, 121, 989-994. https://doi.org/10.1002/app.33701

Frazier, C.E., Ni, J. and Schmidt, R.G. (1999) In: Argyropoulos, D.S., Ed., Advances in Lignocellulosics Characteriza-
tion, TAPPI Press, Atlanta.

BREEHTF, WA, BREL, 5. ARJ0TER e M e 0 I FR R 7710 0 /) 4% [0, M g B K2 22 4R (AR B hi), 2011,
39(11): 22-26.

FEREAR, WA, BILIE, 2. SORSUR-M R 2 & RA AR R MR AT S 0], ARV BiAka2 TR, 2011, 45(5):
17-20.

223% 14, Herbert A. Schroeder, Gerald E. Thompson. Demethylated Kraft Lignin as a Substitute for Phennol in Wood
Adhesive[J]. #RiretbaE 5 Tolk, 1995, 15(3): 36-42.

XM A, BEE, MmN, EREARB S RS & LPF BAFI L EH A @R L%, 2007,
21(4): 678-684.

R, FRVTEE, FFUR, S EEMAR TR SO R R R RS R (AT FT[I]. AR LMk, 2009, 36(4): 24-27.

BORTT, BT, RN ARTRBERA L SBR[, & AR 5 TR, 2000, 16(1): 158-161.
TTALER, RAEAK, R, WA BB A B A ORI B IR B 1 G ). AR AR S Tk, 2009, 29(4): 92-95.
BEW, EHEM, BT, 5. (G0 R R AR B 2R R 26 - T I 2 & R B AT 9T 0], M4k 5 Dl
2009, 29(3): 38-42.

PR¥HE, WA, JEIR. REATEEMRAT R B A A IR E N L 2] A Lk k, 2011, 30: 306-312.

WRERAE, BEE, KB L, & AT 3 SO R B R RORS AT 7T (3], 9 R SO A B R (B AR R,
2009, 21(1): 47-50.

A8, KE. EYZmIM]. dEat B R, 2000

Krause, D.O., Smith, W.J., Brooker, J.D., et al. (2005) Adelaide Research and Scholarship: Tolerance Mechanisms of
Streptococci to Hydrolysable and Condensed Tannins. Animal Feed Science and Technology, 121, 59-75.
https://doi.org/10.1016/j.anifeedsci.2005.02.008

Handique, J.G. and Baruah, J.B. (2002) Polyphenolic Compounds: An Overview. Reactive and Functional Polymers,
52, 163-188. https://doi.org/10.1016/S1381-5148(02)00091-3

Jerzy, J., Selman, S.H., Swiercz, R., et al. (1997) Why Drinking Green Tea Could Prevent Cancer. Nature, 387,
561-561. https://doi.org/10.1038/42381

skalte, BN, TR, EMMZEAER S TR RN AI]. R 1k, 2007, 8: 48-54.

Akira, N. and Takashi, S. (1993) Uptake and Recovery of Gold by Immobilized Persimmon Tannin. Journal of
Chemical Technology and Biotechnology, 57, 321-326.

Saucier, C., Bourgeois, G., Vitry, C., et al. (1997) Characterization of (+)-catechin-acetaldehyde Polymers: A Model

DOI: 10.12677/ms.2018.83020 174 PR R


https://doi.org/10.12677/ms.2018.83020
https://doi.org/10.1002/app.21204
https://doi.org/10.1080/10236660600579276
https://doi.org/10.1007/s10924-005-2941-0
https://doi.org/10.1016/j.msea.2006.09.066
https://doi.org/10.1002/app.33701
https://doi.org/10.1016/j.anifeedsci.2005.02.008
https://doi.org/10.1016/S1381-5148(02)00091-3
https://doi.org/10.1038/42381

pat:
B
48

[43]

[44]

[45]

[46]
[47]

(48]
[49]
[50]

[51]

[52]
(53]
[54]
[55]

[56]
[57]
[58]
[59]

[60]
[61]

[62]
[63]
[64]

[65]
[66]

[67]
[68]
[69]
[70]
[71]

for Colloidal State of Wine Polyphenols. Journal of Agricultural and Food Chemistry, 45, 1045-1049.
https://doi.org/10.1021/jf960597v

Drinkine, J., Yves Glories, A. and Saucier, C. (2005) (+)-Catechin—Aldehyde Condensations: Competition between
Acetaldehyde and Glyoxylic Acid. Journal of Agricultural & Food Chemistry, 53, 7552-7558.

Sekaran, G., Thamizharasi, S. and Ramasami, T. (2001) Physicochemical and Thermal Properties of Phe-
nol-Formaldehyde-Modified Polyphenol Impregnate. Journal of Applied Polymer Science, 81, 1567-1571.
https://doi.org/10.1002/app.1586

PRk, BIREE, BROCE. TR ST 2R By 10 & —— B 4 [0]. AR5 Toll, 1991, 11(1):
33-39.

AR, REEREH, VRS, NS SEuh I 2508 Koy By D i [3]. RIA4L T, 2007, 36(4): 345-347.

BEs, BRI, M/, WERER. B S/ SR 5 g SOk P AR IR 1 B A L S R RIE T[], AT AR, 2010,
25(5): 21-26.

SIE R, 5k 5, X6, &, BERm NSRRI MRSk, 2012, 26(9): 90-94.
BEVL. RSB IR BRI ikl Tk, 1999, 10: 5-7.

Mwaikambo, L.Y. and Ansell, M.P. (2001) Cure Characteristics of Alkali Catalysed Cashew Nut Shell Lig-
uid-Formaldehyde Resin. Journal of Materials Science, 36, 3693-3698. https://doi.org/10.1023/A:1017913530946

XNEFE, Y%, FRME, %5 RSt Novalac By B A 66 i S FUA S PR REAF 72 [9]. R 128 L, 20085,
19(11): 70-73.

BHSLAT, 2P, XK, & PRSI OB B R 1A et 7L (0] AR A% TR, 2008, 42(2): 11-14.
B4, LI, V0. B A ML O N B SO R Re VAR AR B ST [0]. T R ARLE, 2009, 27(3): 282-284.
MRBE, 75 RoAh. SRy o itk R S i 0 S T 78 [9]. B AR AR 5, 2011, 2: 25-28.

sk, xim, BV, B, KOG, BERE. = REULSE B IR # S (3] RS R A, 2012, 30(2):
78-80.

Nguyen, L.H., Nguyen, H.N., Tgut, M.T., et al. (1996) Cardanolpheno-Formaldehyde Resins. Thermal Analysis and
Characterization, 243, 77-85.

Papadopoulou, E. and Chrissafis, K. (2011) Thermal Study of Phenol-Formaldehyde Resin Modified with Cashew Nut
Shell Liquid. Thermochimica Acta, 512, 105-109. https://doi.org/10.1016/j.tca.2010.09.008

Yoshimura, R. (1983) Reaction of 3-Methyl Phenol with Tung Oil. Journal of Applied Polymer Science, 28, 1147.
https://doi.org/10.1002/app.1983.070280320

Yoshimura, R. (1986) Products Characterization of Tung Oil-Phenol Reactions Based on Analysis of a Model Reaction.
Journal of Polymer Science Part A: Polymer Chemistry, 24, 2351. https://doi.org/10.1002/pola.1986.080240926

S, RGBSR i (0 45 A8 B R A AR RORIT AT D). APRERLE S TTE, 1996, 4(4): 57-61.

R, [T, ik, S NS 2 B R WA g P i B B FH AT FE[I]. PO NG K 22 AR (AR R 22 AR), 1998,
2(3): 42-47.

FHRR, ABARAR. A It A A B G S R LA 3] iR T, 1999, 24(13): 23-25.
miR, FALD, T, Eridk. AmymmE R my R AR S 5[0, M=k &5 Tk, 2005, 25: 27-30.

AT, BRfE, Hite, RREmed. il oot e A S e R 4 f b B IR FE[3]. AR SERERZ A, 2005, 33(7):
33-35.

RO, ARSEFS, BREH, S PRI RCPE TS i A% R LI BVE R ], TDOR ORI E AR BRI, 2006, 27(3):
234-236.

FOWTAE, rah, PRE SE. R D ST N AT D R o LR RE[D]. YLIROK S SR (AR BR AR, 2007, 28(6):
500-503.

MRk, P, Fhn, & R EmE R RIIUR S AR [I]. RERH 545, 2013, 38(1): 10-12.
4, RSO RSB AT LA A R AR R[] [0, Kb iRk 2%, 2007,

H-EREE. A R e R A AR AR A & S P AR O] [ 48 5] AR ARl K%, 2015.

T, R, SO, AR, SRR O M R RS R A TR 0], R E R, 2006, 15(3): 19-21.
fkoR, BHLF, BB, & SRR EMMEN IR A& B L2 P EBK, 2012, 21(5): 1-3.

DOI: 10.12677/ms.2018.83020 175 PR R


https://doi.org/10.12677/ms.2018.83020
https://doi.org/10.1021/jf960597v
https://doi.org/10.1002/app.1586
https://doi.org/10.1023/A:1017913530946
https://doi.org/10.1016/j.tca.2010.09.008
https://doi.org/10.1002/app.1983.070280320
https://doi.org/10.1002/pola.1986.080240926

	Research Progress of Novel Phenolic Resin Based on Plant Resources
	Abstract
	Keywords
	基于植物资源的新型酚醛树脂研究进展
	摘  要
	关键词
	1. 前言
	2. 木质素改性酚醛树脂
	2.1. 木质素的结构及特点
	2.2. 木质素的性质
	2.3. 木质素改性酚醛树脂

	3. 植物多酚改性酚醛树脂
	3.1. 植物多酚的分类
	3.1.1. 茶多酚
	3.1.2. 葡萄多酚
	3.1.3. 苹果多酚

	3.2. 植物多酚的结构
	3.3. 植物多酚的性能
	3.4. 植物多酚改性酚醛树脂

	4. 腰果酚改性酚醛树脂
	4.1. 腰果酚的结构
	4.2. 腰果酚的性能
	4.3. 腰果酚改性酚醛树脂

	5. 桐油改性酚醛树脂
	5.1. 桐油的结构
	5.2. 桐油的性能
	5.3. 桐油改性酚醛树脂

	6. 油茶粕改性酚醛树脂
	7. 紫胶改性酚醛树脂
	8. 竹焦油酚醛树脂
	9. 小结
	参考文献

