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Abstract

By the modified Stober method, cardanol-formaldehyde resin microspheres (CFRM) were pre-
pared from cardanol and formaldehyde using ethanol/water mixture as solvent, ammonia as cat-
alyst and methenamine as curing agent. The influence factors of the microstructure and size for
CFRM were explored by changing synthetic conditions. The chemical structure and microstructure
were investigated by FT-IR, SEM and laser dynamic light-scattering (DLS) method, respectively.
The results showed that CFRM exhibited good sphericity and uniform micron size under the molar
ratio of cardanol to formaldehyde at 1:1.5, the ratio of ethanol to water at 2:5 (v/v), 0.1 ml of am-
monia water and 0.05 g of methenamine. The thermal behavior of CFRM showed that the main
chain of CFRM was decross-linked and broken at round 450°C from TGA.
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1. 5|

REWEICIELEA/NORLT R ARRR, RIHCER AR, w0 LU R I RERAIE, FAIRSRI L RE
ALREVIRER M A ARBTG5 TR0 R AR Sta R 2gyis st
ke REWIERE) & BONE L Z I NFLRCR G W - BRIAL] HCRGIE2]. DU REEBINE
FREE[AE. LS Stober V52 15181 K MY 2 S SR NN ZLEEANZUK A AR AN R — S ARE TR (1 75
e RS - FHREHT IR 5 e A SRR A5 48, Liu S5 AN TR) 2R — By A1 R A O S ML B, FE T
PEAEACTIZOK RIREACAE RIS, il H 0 ARy — ELAT 2 0 S AOK TB) 2 — Py YRR I iR 5]

SR T3 (Cardanol) 2 B 52 i (10 3= 22 oy, R o H AT DR BE SR th AN S ARt 2 15 B AE P o s 201
JEAA R BER B LB R R iT, BRI SR mAR L, B 3 NER RN R AR S
2R B FEREAL MY RS I, 59 SNSRI ) IR) 2B 5 C15 AMEAICHE,  IXMfURe 25 1 A SRy BT R
077 B E AL, T iR ERE; A IRINRACSPIRREIE, R RRoIE, R RImKE, K
BIEVERTE T I8 SR R e I 555 5 My I Al AE P e L AR AN IR], S B S Py s A i A %
Rtk WBEREAR. Wi WhVETELF. BEAN RIETEIURE . TR PEAR A SEVERE, IF se iR SeByie i fig
TROERIAETE, SRAFEA S E ISR A YRER6] [7] (8] (9. F M S My il 5 M i Y AR SR 408, M4k
SN P 157 4 TR 115 22 oK 5 10 SR Py 22 My I Al sk [10]

ARSCR FH BSGE i) Stober J5923RAG RTE— BRIE AT IO TOR SRR Iy e IS ek, mT DABRAIR AR
TGS, FFATERER R T LT O AME AR R B ORI RAFROWIE . DU RO KIE . (RBENERT A T
PESFRP R I BE -

2. SCUGER4y
2.1, FERALAT

Nicolet 5700 4 f# B AR 2T A (FT-IR){X, €[ Thermo-Fisher Scientific /A #]; SP-250 MK3 %4
Ft BT B (SEM), TEE SIS /A F]; Nicomp 380 HUzh A GBS (DLS) KL 2 #r i, & PSS
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WER®y, Tgt, ZREERAEMMBARAR: KO ZoK. FEEMNIRTIENRE, 53,
[ 258 B 2 R A BR A R s 280K R A S =5 i) 4%

2.2. FERBHEEER RS TEKEY S AL

SRR . To/K 2RI K 20,04 8.0 A1 0.1 ml RIS, H ML ISR 30°C K4k Tk
JIHE L hy SRJG 2212 0 0.50 g MESRL®Y, #iHE/r# 30 min: HAEZEI2 N 0.18 ml HEE, 4k 6 h J5in
AN 0.05 g /NIKHIEDUZ, dkskfiitt 18 hy ek LRRE BRI RN EF I8 T4, 76 180C& T
KL 24 h JEEUH AT B, SARMKATK Ol Bk - B OERE 4, T REE BRI R
Py I % i Tk (CFRM)

3. &R5i1tie
3.1. FEREPEEAEE R BE Ik (CFRM)RILISM i o3 4

Bt Stober 2%, BT 5 HREAE /SRR DUREIPER T, RAGER IR, 13315 T R I
Ty B R TUER(CFRM) . 14 1 78 CFRM AN (FT-IR, KBr 7). M 1 AR FT-IR (Hhk
Cardanol)iT LA H, BRIy BRI O-H A E RS 7E 3345 em ™" &b,  ZRIRIAIA MI%E s s I C-H fif
ARSI AE 3016 cm Ak, UEE I AT JE ) C-H {4541 sh IR il 43 i 7F 2925 A1 2845 cm ™ 4t
TR 42 1 f) C=C H C-H {4 iR 5h WK Wil 43 i A 7E 1600 A1 1451 cm™, 1350 em ™' Jyfyizdt O-H &)
T P4 25 RS04, 1265 em ™y C-O FIMFZ4aHRBN RIS IS, 1150 om ™ BT AWRISCHT 7T U 8 - B SRy o
I C-H T4 iR BRI, 714 e SRIRKANEE i C=C (i Za#Rah RIS, 75 690 cm ™ Ab 5k i g
AT T 2R3 L B R [6] [7] [9]- 5 SRy s AR AH L, B A IR FT-IR (128 CFRM) 2 Rzt O-H
R S I ) R AU %, I BLTE 3440 em &b, C-O FIZEIR b C=C {47 IR SR AT e th i) v ol B for
¥, rAIHBLAE 1270 A1 1620 cm ™ b, EPRE BRI N, F4h, 7E 808 em ™ HELAR A HU R ER Sh
Wi, LT oK A B RSB Ui (870 em ™ £245), 3R b A B B AS AE U7 (690 cm )L,
S, UL IR IR SR AT AL S5 RI[7] [9]. FEFA MR I S R S I (1350 cm )
N C-H T M iR SR YSCi4 (1150 em ) 9 25 AT RE BT AR A BYBE B IS AT SROFT S, BeAt, s Y7 H5
SUX ) 2 WL G A AT ER G FT-IR m . FT-IR AR RS04 (4 57 % RT3 2 DA R i W Mg A 6y 1 BAIE S
TSR 5 W B R A T i RN, TR AR AT AR I o PRI 447 5 S S s B2 N 4] 2 P o
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Figure 1. The FT-IR spectrum of CFRM
1. CFRM B FT-IR
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Figure 2. The polycondensation reaction route of cashew-formaldehyde
2. EREYPREARR & N B’k

3.2. CFRM Rz B S M Bl 32

K 3 BIRANF ZBEKARFREL S CFRM TSR RIS, H T 5 S 40 B Ak LR 77 PO AN [RIC BE AR 5022 i
R TR AT, T SR R R NP AR50 . MK 3 FRAT R Y, TR AR L BEKARAR BRI AS R ol
BRI A VR AR . R 2 CEEK N 2:5 (viv)E CFRM BRI FE Se 47 HARLAR K N4 5], RIATE
B S A R I 2R A A R A B AR ORI TR 00N, 2 OOk AR BB B —Fh-P AR . (TN
TR LG 2 CFRM RS0 A1 %

Figure 3. SEM images of the CFRM under different ratios (v/v) of
ethanol/water at (a) 0:28, (b) 1:6, (c) 2:5 and (d) 3:4

3. TEBE/KEE J9(a) 0:28, (b) 1:6, (c) 2:5 F(d) 3:4 &4 T CFRM
&) SEM

FOKAE NI OB HEAL R, X TR R B HER BRI SRR, 2K 9 NH; 1E B 7 2 B Aok
R T A AR AR T s A PR A i R EL A P AR R SO TR o /R B ek 5 2 Bk R 52 (L] 4) AT A
&t BEEEUKIKREZM 0.05 [14] 4(2)HE N 0.1 [ 4(b)] ml, B4R T2 501 UK B3 nE] 0.4 [&]
4()1A 0.7 [1E 4(d)] ml, FABRETRLAR 20 A7 R ARAR T o ASCEROUKMEAFIIN A RLEFEAE 0.1 ml, IR0 4(b)15
BIRIOERRAR I 5] BRIE LA

FAARBORHEE R LG CFRM IR SN %] 5 i o AN IE] 5 A Rk R A R EE IR LEANTE] , 75211 CFRM
MIERIEFEY e, EROERRAR A AN o 24 HYRE/BER T (R BE /K EE AN 0.5 9B 1.5 I, SR R4
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Figure 4. SEM images of the CFRM under different ammonia concen-
trations of 0.05, (b) 0.10, (c) 0.40 and (d) 0.7 ml

4. TEE/KER() 0.05, (b)0.10, (c)0.40 FA(d) 0.7 ml Bf CFRM &Y
SEM

Figure 5. SEM images of the CFRM under different mole ratios of for-
maldehyde/cardanol at (a) 0.5, (b) 1, (c) 1.5 and (d) 2.0

5. FEERRE/RERES EE/REE A (a) 05, (b) 1, (c) 1.5 F(d) 2.0 Kt
CFRM HjJ SEM

PN IE DY A D [ AR By R A IR O S BER P o f T S S 0L PR T i 75 O PP R D Jie 7 i R R 2
T SN 2 DTt e SRR FEE o AT P71 P B8 T e S I TR R SO 5 R R S L (AL P 6) T ARt B
INUR PR B DU 2 ) B PR G KRR IRPREAR AR R, AR T A7 AE BRBE o 24780k F S DU A% A I\ 204 0.05 g I,
TRECRAR RS ) H RS 1 um ety &l 6(0)Frams 7Nk H2EDURZ (8 7E 0.03 g I, KR R AS
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Figure 6. SEM images of the CFRM under different methenamin con-
centrations of (a) 0.03, (b) 0.05, (c) 0.07 and (d) 0.11 g

6. 7R REMAZAIE 9 (a) 0.03, (b) 0.05, (c) 0.07, (d) 0.11g
CFRM HJ SEM
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Figure 7. The DLS curve of CFRM
7. CFRM HY DLS pfi%k
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Figure 8. The TGA curve of CFRM
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