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Modified Pea Starch Used for Improvement of Glass Fibre Sizing
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Abstract. Pea starch was used as raw material to produce film forming agent in this study. The starch was
processed by isoamylase firstly, and then the obtained product was subjected to hydroxypropylation. We
studied the effects of enzyme reaction time, the dosage of propylene oxide, etherification time, reaction
temperature and the dosage of sodium hydroxide on the performance of film forming agent. The reaction
conditions were optimized via orthogonal test as follows: enzyme reaction time was 12 h, propylene oxide 4 g,
reaction time 16 h, reaction temperature 45 °C , sodium hydroxide 0.4 g. The results show that the modified
product as the film-forming agent in glass fibre sizing could ensure the successful drawing process.

Key words: sizing; pea starch; etherification; film-forming agent

TETAV A, BEELF YR N AR AR, T B TS | SR AT L S U, i
Prezid e, HAEPESL R IR E B A AE IR, R ZAE R L 4E s 22 S0, IfFehi 223 e
HA G B2 LA LA AR 7 2R A T 1 B Ml o (0 o R ) 2 5 T 4 R R 3 i 7 B
A AR IR Y R B UG, TUE R R MR, HASM R AR, S5 R
A, IS TAEPGEVE TP P RBR. RIS, JEARIR)T | AR, PR TS . fEdm ek i, 32
HEVEAD BT 430N 70% ~80% T, BN RARBIN ) . B | By A S [0 A R B K

We#m B EA : 2011-10-19.

EEEN. B M(1987—), B, DU, WL AE, NEESTFHRBHENIFS, E-mail xnchenpeng @ 163. com. WINEE .
EFN(1962—) , B, DUEK, Wi, #dZ, NFHEMEMEZERFSE, E-mail; huojichuan@ swust. edu. cn.

HEWE . ERSGEAI AR 863 T B 4 (HHES . 2009AA035002 ) F1 A4y AR E 3 TR OO 4 (it S
09ZXBK10).



%53 M Wk WS, 2. SerEBi s e T o AT R R B e 577

AEEOPERT. CHTER R RV S R I, TR EA B A B I | SRR | DUaKR RN
P, AT A2 T R R R P RE LK.

ARSCHEPE B R 3R 40% MBS VERME N IERDRE, S8 S Ve b B X 0 S e A AR
P FCHEATREAL SN, B K BSOS T A A S0 RO T S B P A (Y 22 T2, 48 g T 2 2
AR TEESL, JEHT 1 U B PERE.

1 MR5EIE

1.1 #R5NEE

MR G IER, IRIRR )G 80 Hif; SIEk e TRIGERAH L RARAR, EHH
16.67 pkat/g; BERRE 4, BERR SN, IE NS . SR LA O K BRR M I T R T R B ik 2 3k
FIABRAT, Atrat; B =T B2zl A ®, 4004l KY,PI0-34, GFM B FOKyE R I T H A
MR stt, HEEF BN R T0% ,48% 23% | FRIBEIL R 8 « 4+ 1 IR-A M.

X’ Pert PRO I X BFRATHHY (Fr 22 WALN B2 7] ) 5 Sigma700/701 AUt 5K 7 5% (55 2% KSV 1%
PENFD) 5 DV + Pro BUPRHE B EE 1 ( 22 [ Brookfield 23 ) ; DF-101S H4E Bu = i i B4 m J1 4 $EHL
(FBIMIRE TG FRA ) 5 SHZ-D () BIFE A K 2 B2 32 (T LT TR B R TTA ) ;
S440 BY4AH L T 0 8% (1 Leica Cambridge 23 H]).

1.2 BHEEMEHE

FREL 40 g B 3E R A BOR HH BC BB 0808 10% TERFL, T 85 C FHEHE 1 h 5, K
HIZE 50 C, HEMREmTE pH =6 J5, A 2.4 ¢ SIEREE. Bff—E )G, THEZE 85 C Kl
10 min, L 80 HIf, JEIFRATHEHA.

W 1 IRER S B SN RO B ICE IR, BN 4 g TOKBRERN. EiE—ERHEE, #PEEr T
A — & s S AL, PP A—E s AN R, BN NS HRE, HFRRE pH £
PE1 RIS TE A TR S B AL 2 - 1 IRA S, S s 2 mAARE Ny, FRZEmK
VRUREMARRE S 2 ~3 K, BRA B, HRE T2 UKAE rPARIR AR AL 3, SR I B HOtR AR S e VR T HL v T
48 h JFIUE , BEESIE 80 H, 152 Fr A RE .
1.3 MEAHZE
1.3.1 FEHNE BEEEFESECH 10% SR, A 600 mL & FEERR T, BT 25 CHEiR
IKISFE | B R RE, AT LV2 LA 10 o/min 4895 1 min. 75 10 min P, {38854 8 A0 2708 6
10 r/min J}Z 100 r/min, f#£F 1 min, MWEENEE T HEE.
1.3.2 kWK RERANNE BEMSMNSG LT R FEEEY R 10 mm/min, 5 IEREE N
5.0 mm, F/DHHRE S, BT 10 mine BUE & BT 0808 10% S, & TS, 3Rk
TG R RS ARER S, I BE . SRS D B 2 2 22 [ e 7 B e 4% 1, PRI BDIRES,
W RFIE AR B TRE AR, FE DL B R R 0 i fk £
1.3.3 AREABKEZHMNE  FREL0.05 ~0. 1 g BMEH R TARIS, MMA 0.5 mol/L HYF B R WK
25 mL K, KIS IR AE R WOE N, 281K EAR 2 100 mL. BUZHEWK 1 mL & T 25 mL B3R
A 8 mL MkBRER, IRAIE, WK TN 3 min, FEE THAKBHERHZES C, A 0.5 mL K4S
Efi WAV, 25 CAKMAEHETR 100 min, FIMBRIRE 2, LIRS, BT 1 em ALY, FOEEETT
£ 595 nm GRS
2 HREE
2.1 EXRW

LR SCHR[12-17 | AER BEE DS, SEREMRITE] (FRA2: h) (A) | AN (A7 g) (B) |

AL ] (FALAE: h) (C) o ROV BE (FAAZ: °C) (D) MR B (FhL: ) (B) AREmIA R, HIES
BT T3 1.
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Table 1 Factor and level of experiment design

K- A_#
A B C D E
1 12 4.0 12 35 0.32
2 18 4.8 14 40 0.40
3 24 5.6 16 45 0.48
4 30 6.4 18 50 0.56

BRI ER I, AN 2 45 2R & P R sk . A kA . B AU EE ST, 45 SR T
2.
*®2 EXRBBITESER"

Table 2 Design and result of orthogonal test

e CALISES T fih %%ﬁ%jzl/ L/ T
A B C D E f1/(°) (mN-m™") (mPa - s)

1 1 1 1 1 1 39.24 42.106 38.29 0.022 4
2 1 2 2 2 2 44.56 42.714 248.95 0.036 3
3 1 3 3 3 3 36.95 40. 682 286.44 0.068 0
4 1 4 4 4 4 66. 65 35.914 134.97 0.0719
5 2 1 2 3 4 62.62 38.588 170.96 0.041 7
6 2 2 1 4 3 70.06 34.849 76.48 0.070 5
7 2 3 4 1 2 68.28 39.098 134.97 0.039 8
8 2 4 3 2 1 64.00 39.140 152.97 0.048 5
9 3 1 3 4 2 39.13 40.288 70. 38 0.030 7
10 3 2 3 4 1 61.06 43.273 232.15 0.047 9
11 3 3 1 2 4 65.45 40.435 134.36 0.036 0
12 3 4 2 1 3 69.67 38.121 91.48 0.042 7
13 4 1 4 2 3 54.22 43.145 137.97 0.022 6
14 4 2 3 1 4 69.88 41.467 238.45 0.015 4
15 4 3 2 4 1 38.03 41.318 52.49 0.014 4
16 4 4 1 2 3 45.27 37.253 148. 47 0.045 1
K, 187.4 195.2 220.0 247.0 202.3

K, 264.9 245.6 214.9 228.2 197.2

K, 235.3 208.7 209.9 205.9 230.9

K, 207.4 245.6 250.2 213.9 264.6

R 77.56 50.38 40.25 41.17 67.36

s FETH 9K T BB 3 YRS R (.
JeLA A A, PR N RN KEAR 2 R B9, B3 2 v UL, BEAEE R 22 R AN A2 2
MK, HK,>K, >K, >K,, HTHEMAEN R Trebiit, Bimkes—KF, RIE#ERT 12 h.
[ AT S AL 0.4 o, MENEEHE 4 o, BEERTEN 16 h, SOVIRE N 45 °C, BIXS T4
fi e, PIERILAMIE A\ B, C,D;E,. X TRy R R, Fi B il fa 9 77k R B 7
G0, GEHRSNTF R 3.
#3 EREZESW

Table 3 Analysis of other indicators

5 A EESIPER/NIE PRI
T fh A>E>B>D>C A,B,C,D,E,
ik B>D>A>E>C A,B,C,D,E,
R D>B>C>E>A A,B,C,D,E,

B A>B>D>E>C Ay B,C,D,E,
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H T 4 DRI ) SR LA AN — B, DR R 25 1B A% DR 22 14552 i) 2 R AR 8 e A T 2 45 4
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Table 4 Performance comparison of modified starch and import starch

RIA R FHE/ (mPa - s) FMHHK S/ (mN - m™) ARGz AR L/ (°)
T Tk £ Ay 107.96 42.58 57.38
O REN 46.52 51.49 56.35

e 4 AT OL, SCHEVE R R 1T TR T WA TE N, 25 IR B R 4 (s A3 817K 00 30 mN/m- ™
H TR sk BT I B 5K I, FLBGBBER A bR BT S, R, eSeME TR 1 D i e
Uy st IR BEAE B 2T e 0m . [RIINE, HE DA A HE il A S 56. 35°, BlCETERY RYHEAL AR Ry 57.38°, TERIZ i R
H, TP RS AT R MR TT, TGRS S A, B TV AR R EOR . X AR T AL, 2k
PEVERI R R T e, EREREXT T 17 22 R B R M AN, S PR 2 5 T xl 66 18 2R A — %E RO
e 2t P R e A R O ) B 7

W BOVEVE R A IR, XU 19 DA 0 3 8 4 A 55 A A A 10 Dy AR A P ) 9] ) 38 30 4 4
FrvEREXTLL, S5R5) T3 5.

RS AREREF OB LSRR

Table 5 Performance comparison of glass fiber coated with different types of sizing

B SHIFHES B2 B R 2 B L E WrE K Wi 458 71/ N BRI R %
PO E Ky By By EZ, WiE 2750 N1, 4h2.3
HECTFER I p3e F42 WiEL 3 000 N1, 4h2.1
VL gl By s T2 WiED 2 450 N1, #h1.7

M6 5 T UL, TR A Ve IR T R i BB 2T A | AR DR I R A A 3 S5 R L R A 1 T by IR 1
FIRIP LR 2, A5 A AL PERE 22 5188/, RIS UE R B ALFLAS | 1 3 vh (%) SCHE BE 0 9 59 U i 2
() ELEE Ry, BRI AR Ve M 0 501, fTRLZ2 J5 Y 3 27 4R SRR RS 42 i s AT

AN [R) A RS RES X6T W RN 22 ) M SOR AR [R]. o B 22 R /D AT, 55 2 T ey 2 It AR Tk b ek P
J5 , BERCT O AE B BE LT e i hsE, BRI VERT, Wl B 0 . ROV R B B B AT 4, L
458 77 LUk DT UE R AT, oA ALSR T 57, SRR SCPE VeV Jy BB, B G Ml S 70 9% 21 % 1h 119
TR FNLL, e B 2F (R 20 I PR R L A% 7 i, SCrEvER S EE CIE R AR 250N, 2R
L ECH 1% , ANZZH 2% , ¥IHCASERIZOIR 2, (AIEATT LA 2 B AT 4 AE = i 2K

1 A58 o 4 L AR (SEM) RS I-XoF LU ol FH s i A i 741 5 e e ) i) P 3 8 2
AERR AR . B L AT AT O A v T SR R A A 9 1 ) X B G b AT T B B 4T Yk L2 (]
XYL RS BA DR T, WSO by nl A ) FH i i 54

i\. P B ]I i ‘ ) 'il 1! (B8

El1 rsEREN(A) MABEEET(B) £
Fig.1 Glass fibres sized by modified starch-based sizing (A) and paraffin based sizing (B)
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Li LRTA, AR SCE i el S REAC A, A5 30 1 A v by B B R T R BRI 12 h,
WENBHE 4 g, BEALIT] 16 h, R 45 °C, ZEMME 0.4 g & BREAET 25 5 a9k
PEVE R REN 2 BT A PEREZOR , RIS, Al LAGRIES 22 T 20UR 3547
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