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Introduction

Free radical cured thermosetting vinyl ester resins have superior toughness and chemical resistance in comparison
to unsaturated polyester. The vse of vinyl ester composites reinforced with carbon fibers requires an improverment in the
fiber-rnatriz adhesion levels Previous data has shown that the application of a lightly cross-linked amine-cured epoxy
sizing to the carbon fiber surface creates a beneficial interphase between the carbon fiber and vinyl ester resin matrix
resulting in a substantial increase in fiber-matrix adhesion and the sizing has a optirmum thickness[1,2]. However, the
exact mechanism by which this coating improved adhesion is not lnown. Vinyl ester resin can undergo as rmuch as a %%
volume shrinkage with cure while typical epoxy systern undergo only 3-4%0[3] shrinkage during cure. This shrinkage
could have induced significant stresses in the composite which might be responsible for the lower adhesion to vinyl ester
resins. Inthis sady, the influence of the cure volume shrinkage on the adhesion between carbon fiber and vinyl ester resin
was investigated using the epowy sizing as a controlled and designed interphase Adhesion was evaluated as an interfacial
shear strenpth (IF3E) measured with a micro-indentation. The effect of the cure volume shrinkages of vinyl ester resins
to the interphase gradients between them and epoxy sizing have also been investigated with nano-scratch. Finite element
analyses will be used to sirmuilate the stress distribution around the fiber-sizingmateix interphases during volume shrinking

of the matrix resin and the micro-indentation process as well

Experiments

Materials: The fiber used in this study is an A34 carbon fiber fram Hexcel, Inc. The matrix resin is Derakane 411-
50 vinyl ester resin from Dow Chermical and Fuchern 831 vinyl ester resin from Shanghai Fuchen Chemicals Co. CHP-5
(diluted curmene hydroperoxide) from Witco Chemnical and MEEP (methyl ethylketone peroxide) fram Aldrich chemicals
were used as the initiator Both CoNap and DMA from Aldrich Chemicals are used as promoters and accelerators
respectively. Diglycidyl ether of bisphenol & (DGEBA epay) and trimethylpropane mine JEFFAWINE T403) are from
Shell and Huntsman respectively.
Methods: The midture of DEEBA and JEFAWINE T-403 was prepared and held for one half hour then added to acetone
to form a 5wl sizing solution. Fiber sizing was carried out by using a pre-impregnation machine. Thermal Gravimetric

Analysis (TGA) was used to measure the thidmess of the sizing A digitally controlled, programmable oven was used



for specumen curing to make sure all the samples were processed m the same way, Lab-made dilatometers were used to
measure the cure volume shrinkage United Testing Systemn (UTE), of the composite samples were conducted to measure
the mechanical properties of the matriz resin formulations. A MT'E nano-ndentation mstrument was used to quantify the
gradient of the modulus between the sizing and the DGEBA epoxy and D4 11-C50 vinyl ester resin matrices.  Adhesion
was evaluated as an mterfacial shear strength (IF35) measured with a micro-mdentation system, Interfacial Testing System
(IT3).

Results and Discussion

Fig 1 Cure volume shrinkages of the vinyl
ester resins measured with lab-made

dilatometer
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1. Cure VYolume Shrinkage Measurements

Two types of recipe systems were used for cure resins of the samples for the investigation of mfluence of cure
shrinkage on the adhesion between carbon fiber and vinyl ester resin. Two different systems were of different initiators.
COne 15 CHP-5 and the other one 15 IMMEKP. The CHP-5 cure systemn was based on the recipe of D411-C50 recomrmended
by the manufacturer and the MEETP cure systern 1s based on the recipe of Fuchemn #81 recommended by the manufacturer,
shown in the gray columns of Table 1. For the same initiator, the corresponding recipes, the white columns of Table 1,
were calculated out from the recommended recipes, the gray columns, based on the density of the carbon-carbon double

hond, C=C.

Table 1 The cure recipe for the investigation of the cure volume shrinkage

CHP-5 14004 2,000
ColNap 0.21%% 0.308%
Dfa 0.07%% 0. 10%%
MEEP 2.008% 2.85%
CeolNap 0. 1004 0. 14%




The results of the cure volume shrinkage measured by the lab-made dilatometer were shown in Fig. 537 It has
shown that D411-C50 gave a volume shrinkage of 7~8%0 upon curing, Whereas when Fuchemn 881 vinyl ester resm cured
with the recommended recipe, 2% of MEETF and 0. 1% of Colap, the cure volume shrinkage was very small, only 1.73%
commparing with 8,100 of D411-C50. Tt 15 interesting that when Fuchemn 8381 vinyl ester resins were cured with CHP-5 as
mitiator using amount of concentration the same as that of D411-C50 recormmended by the manufacturer, the cure volume

shrinkage 15 5.85%,

2. Influence of Cure Volume Shrinkages to the Mechanical Froperties of Matnx Materias

The mechanical properties of matrix, which are very important for ITS interfacial shear strength measuremnents, were
tested by UTS and Nano-indentation as well. During cure process, it was found that styrene vaporization was very fast
The vaporization would be different for those UTE samples made with open sample molds from those ITS sample which
were cut in the middle of the sample bar made with less open molds especially different from the samples measuring
cure volume shrinkage with totally closed lab-made dilatormeter. To avoid the influence of styrene vaporization, nano-
indentation was used to measure the bulle mechanical properties of the material It was also found that the bulle elastic
moduli measured by nano-indentation were compatible to the tensile moduli measured by TTTS. The influence of the cure
volume shrinkage of the vinyl ester matrix materials on their bull moduli were shown in Fig. 2. The bulk moduli of the
vinyl ester materials were increased with the increase of the cure volume shrinkage of the materials. It might indicate
that the mere shrinkage of the cure the tighter the polymer chains held together resulting in an increase of the material
mechanical property.

Fig. 2 The influence of cure volume
shrinkage to the bulk moduli measured by
nanoindentation
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3. Influence of the Cure Volume Shrnkage of the Matnx Matenal to the Adhesion between Carbon Fiber
and Vinyl Ester

Two sets of ITE composite sample were tested by the ITS to find out the influence of the cure volume shrinkage of
the matrix material on the adhesion between fiber and matrix. One set of composite samples was the vinyl esters having
different cure volume shrinkage reinforced by AS4 carbon fiber as recetved and the other set was he other set was the
vinyl esters having different cure volume shrinkage reinforced by A4 carbon fiber with 5% of DGEBA-Jeffamine T-403/

Acetone sizing solution,



Fig. 3 The influence of cure volume
shrinkage on the IFSS
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The test results were shown in Fig 5.3 The ITS test results were very interesting, for the samples made with 2434
carbon fiber as received, the interfacial shear strength showed a progressive decrease with the cure volume shrinkage
of the matrix material, the bigger the cure volume shrinkage the more significant the decrease of the interfacial shear
strength. In contrast, for the sarmples made with carbon fiber with DGEBA-T403 sizing, the value of the interfacial shear
strength had little change even for big cure volume shrinkage of 82%. This suggested that the cure volume shrinkage
would bring thermal residual stress which brought negative effect on the adhesion between carbon fiber and vinyl ester
resin. And it was also suggested that the sizing material might play a very important role in elimination of the residual

stresses caused by the cure volume shrinkage

Conclusions

The bull moduli of the vinyl ester resin measured by nano-indentation would increase as the cure volume shrinkages
increase.

The cure volume shrinkage would introduce residual stress which could decrease the interfacial shear strength (TFS3)
values suggesting a negative effects on the adhesion between carbon fiber and vinyl ester resin.

The epoxy sizing on the fiber surface is very important for the relaxation of thermal residual stress caused by cure

volume shrinkage.
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FEWFZ AEFACHERRHI R Ty, BT, 7E5eE T B AR B v 05 R P #fsr s RELeE it B i
AR AR AR E-AERRE T EAEEN B F AR TR ERA R E, i
By RAM A E . ERR R HRTIERR T i L 75 s b Lbr bt T k.

EXbrhTH, RFNeRSaNT RN Tr IR mEERLE, ITRERAKTRN
PR RIS B, HERSET RETFFERKGENRERA. AR R WL R bR B
HEEE, EEHETFSHRERE T TE, AR ENTEERIKAEERLEAETSEE
B B e AT S 1k R AR

B, e ESRAEEREIREMEA L, BNRALSEEHASHERE.

2, BERSIRFRE S R EARA LR

BHEOs i BRTEEM RO VEGER IR (Bh) |, BLLZWMEEEHITHH 2 6 MA 10%-40% ) 2
THEIEEE SR LT A, BARVEGFRvinyl ester glass flakefVERE . Bl RS HRIMISM, EK
BELERE, RPUNERERY ERRIESEHEFERTEERS, ATEATENEEES . Buf fE
B EMREFNEELASE TR FETR®RR, BEE-FEEENMEMEF, BEERIERKKIE
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TR oot BB (TH S — 2 4. 50kg/r
ImmVECF-182 (MHRRE_E) 1.20 kgfm®

1.20 kg/m®

0.20 kgfn?

C. AHEMEMmETE
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R 0.20 kgfrm’

HER: WERME G RN BEE DR R R BTN E T 75 mET TR DT

C. AT ERrE it

a) PERAE BN ERAMEERNE (898) (HMERAEAD. EES0MII0T, FTESCMI10T) LA
REH ERARESOHAT SR MM EETE R B D,

by . FAMRASHIERAFUCHEM-6ET, ARSI NE AT &8 ELESH BRITRER
RENeeR, BHEDFaREH, FRPERMAMBER A ERME (898) , HaAMEEKEWZIH e
HIER BRI e

<

FUCHEM



4, (KIBRNEX
AL R IRERM
RS BEEEIEE AR R NE mEF R, R EEmEER S,
) ENMEESREEGTEHE S SBERS | 2R BRY R EER.
b MiRREE DT 2 AT BB E T,
) M & 4T ADIUDREETHITG | % f A BHL 315
O HESEEETHESHREERBTE ZHANEBTE IR,
o) ftpk R SHES BRI | B2 T HF B E AR D5 ER.
B. MEMAHERER (§THMEMM 2R AL

0.20 kghr?
0.60 kgt

FUCHEM-3 (2.5-3.0mm)
ThiRss r Easggans 1.60 kg/m?
| 1.00 kgt
| 1.60 kg
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¢ ASAALAL DREIERR S | 2 I BALWE D IR5 eSS .

C. AHEMEMmETE
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2ty (BT . fnefe ERUCE i O EE SRRt o1

LAk iF €1 AP I AT | (o3 R i
— = -.;:\:."' T P -
rd B - 7
|| __— T T - _ |l|I / - -
T J—— }
i T e e
7 Eel | I
||'|'l f.;
e IR Fa.mmﬂla
SR H i e HE 5 Eg

BIEEFAACGER o AT T ER

ERAAE, AILRAMTHFUCHEM-S&ETHE T B Fee t B, o T 1R BRI & & i o gt
B, MEAIRAMTRVEGE- 1M -A 2 REE A TEEAERHESuHN, HEXAVEGF-1T2HE
e b e

0.20 kgfm’

ImmiHEE (fREE—E) 4.50kgfm’
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EHMHAVECGFE A B BT R E B4 AF#, UIVEGEE: h RIRFIVEGFSE: k. HAPHIVEGEEE
FRERARE, EEEABGEITE, ENAR Rt AEE, TMVEGEE Rk, SIETEZHR
BT A AR TURIR] (1) BRI X LA BRI T stk %3

&3 VEGFEIRRIRE GRFD M IZHHLR

() 1.5~1.7 0.8~1.0 #1135 | E. WERE
EECRIE 0.3~0.35 0.1~03 115-130| Ei. ERREE
P 1.0~1.5 0.60~1.0 1.15-1.30| R, @EREE

3IVECFESHMBIERF RSB BN ETAE RS
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TERY Bk b B2 A R R = O Y Rl S 4 .

3.3.1 VECGTES & B g 2mmek 4

EEBEMRAVECTRANMS R KR, FRENTE, SHAh1R2F1E, mETl:

0.20 mm

0.80 mm
HEEE

0,20 rmm

0.20 rmm

B SRSl REMT (42 0mm)
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e, ZRERBERTKABE MRS EHE. FELREGMEZBREMES RERRERTF M
A EEETER. SEFTHREAENET S, LAFTENRESHBEYR T EMas, M St
LEMET T O AEREETREMEE NI A5, MR o iiEE. B TR E AR RS gy
EEE SRR3R, W% I RFUCHEMSS 1 7. AR BRI SR < 1%, IS H g el imE
i, EZFHAEEESSMmtt. SENEFNRMENSES, tHESARRNH EREHEHATHIE. B
Ri, EER—EEETT (@b UAERDPHEAREA. TEERMMENELIBRES.

1> HEE. ESHtEmEISEE, HOhEREHEN, TRFRE. NSk, aREtTTE LT
24 h,

2> BB EEREMMBEAEL, MRARMREREREHER, RELAE T4 0, AstiBEREE
HEEEE.

3> B Bt R DTSR BV T, FETTA TR 2.

(1) BRI AT ATRE BT, Meelofy i iR A7 B SR Al b 8L

(2 E0%ER— B, BEEF E— B gm@ste, SAnE, S5SH, EEFR—-BREH, &

Yt

(3) B fr24h, BEEREE, SR LIBFHHUTEE, EERIBHERNESREE.

@ B —2, HEREN S ENRE, SAEEN. REFSHSHRER, TS,

(5) EEHRT, FEFEMBHEAEESTE TR/ N T50 mm, FTFHESEEEH S RET, $FE

BABNTS0 mm, FARR ARSI —F B IR HH .

418 P R TR BEVE T, EITA FIELE.

(D EE—RIEEHT ENREE, UTRESERETE, BHETER. BREAR.

@) TE—REEHH EEREE, UREEERE. BHETER. REDR.



(3) $gaTRT, b TF B R ph R T, W IR B TS50 mm, PAPRMALEAE M —E B
HEIRR R

) FERM—REER BELE, F#T T RS ERL.

() BRI E RO BEENEES, HafEf4h, BRHTHEEEL.

5> PHEEEME RENRT, EHA%RAEEREN. SilMEL LN, fE—RELE, FHIT
—iR.

2.2.2

FrEmZmER iR HE, MBREF—EhBNEENERERY, 2 5EATHEBMESRSA, £
THRVUREGIT AR (%)  BEEIRHTRELEE, ERECSHRBIAGEAN. RiEnigH
AR, FoMAIREE. —FERERESE R, B RETER SN il (vinyl ester glass flake
mortar] , BFAVECFEE T IER. MTS, /FH IS4 et BIEME ik e IMEE st B L TRI#F . VEGF

b by e TR B LA TR AL
(D Mg dF . MTVECFE A Mt RANEEHEE BN L REERE, ZEATURMEEREREA
Bt iE E AT AUTH BT thi
(2) BEAEFE R, VECFE K HHE ik S S B TR AR RS Ee-15F, LERFRAFRPH4
I

(3) VEGF# r M R B BRI BE, EMVECF#h g BT EaR. s B HE, HEDHM
T EE AT, AT R R B HOTR e

@ MEE (Hipdr) SR T: REFHTERFLEES), BIEETHESEN 2 ARVEEk 25
RYZE RN, LA B THE 2 FE B A B .

(5) THEEHREF . VEGFS N HHEBLEMEERS, T EERE&E2-3F, MERERT, VEGFREER
SR TR E ARV AR 2 AR, EITdE R, REERGEEAREART#HTEE, FTREmE
FfeeE, BAEMETFRA

(&) TZMEY: ATVECFBF#HHEFATES, AL —RERBEERSE, M T -ETHEENT
BIME, ALRAXERTSHRMEL, &RIREMSETIH.

FrEAEE B Rrik, VEGESE it B A RA -2 m AR Rz, VEGERERRAILIRER Y
PR thiffE, FrLEREAST (REMHAFMELLAS) , ROEERIEELER S
B, FILVEFNERT-EHENTERNERN TR, MFAEEHRMNES. XERELHKEXKE
i i o Y BT TR

221 BRELTBEES

ET k7 EAeE S RGET EE LTS TRH L ER, AErERITRHT.

() ERSLERFTPHT L TR, FEEKEL <, EEPNEZEEEOWRESR, H2EHA
MR E TR TEZREREGELEETERK, FETEE, RSHAVECFHAIRRITREESREE, (R£
SRIERZERHY, EEBETBHISREXNE)  BERIVECFRE—HE, THRELT—I
F,

) AFTRIFEE (HBIEE R immzm)w R . Rk, BHTE, BhEHTGTERL, EEEE
HEEE. —RESH ImmBEERHETE, HNgERTHEILRL TR,

(3 W NFHy, EXHENEE, AFRPEAFH, AVECGFHEEE—-FE_H,



2.3 B Win HR S ARAE
B ER T ERTBREEE. BH, NISHT, EXEXTHREOSROERBHE®E, A
EEXETZMN—LREEHEFRDEFE RO RMEE, BAIERET L+ FIFLHERIRF AR
M. BFE i IRETIE IS RTE T FE i 1 A T RIARH R, (EER R R THEGRERSHTE, BHERES
AR AN S . 2R & R RURS B Rt A Al e R EE TR B AR SR BE SR IR g .
HETEHHAE (#0791HRME) BRARBMEMBRERAS. HETEABOMHEMERTLELEE R, B
HHETEERESERA SRELER—E "ShH" (SAd8)  ZESWERRFER, 2N EERiERHT
— SRR REHBER. BT, EFRPREFSEFENNILES, SAdBREE IR FERT,
—RATEH 1 BC-HREEF2BE-HEF, RREHE. SUSMENTEMEERE, NRLTRRE. &
I, EHETESHIERRIrEATEF, RIBEERIEEE. FRMEREFIZFAFERIATRE, EXNFRP
BT A v B R R R BRI R, B ERIE R, FIENBS 15695 ASTM C 5820 HIES B ik
Frife, HERRELRERMEEENGRHE, BuwEEr LA 2E A FARRENME®RE, FIf
—ERENSSER. ZFEEMEENEE —#806-9 5mm, ERSHKIEEEF AL NL B LSBT
Pt
EEAER—E FHRARRTRA LG AR, BEFRALGEREMBII 28T, fBrRE
g EE, EEHFIERAET, ATURAESHELE, EESZENERLRURRMUEAZRINER
AH: FUCHEM S90H H8 st 4 110°CHIBSE <.
PRI R IR, FIEEELTILA
(1) ZEFRPHISS, FlREIERER, UFEESVESHTRIIES SR Hik, SESERMA LI
WA S EBEUARESEEEHLRBRENMIESE, LIS BFRPIMERSEE k.

Q) EREHFESIES, —RRAETE, SENEHERRISENTRE, BERNNE B HEHE
R, —fERAH, HREREEERSS5mm,

(3) B9, PERmMBNLEFRAC-ERELME, —RAE LD BI2A.

3. RESFMH

B 19904 L — ik 2 5 XA E FFUCHEM—854 M EFsHt g i B TR B 8 A S MITh b AIEE B thik
ERELEANUE, MEERZNRETERES, LEERMCIHRA TN EHHHBE T REHER. &
4R ERE 0, R E T Tk it B E REITFIRA.



H B FUNETEAEREAUKFRPIEETHFEER, GEENERULELRREE,
KR, &M Ak BIBH Big

1. W&
ZIEHTEREENELUEEEREES, B2 —ESHRERRARKESE, NRFEHT —E&da
ELERRANE SOB R AT, FHEEE L RELR, REERAT. B BFLLETITHER
BHE, ATANERDEEERT, TLFRFERERZIESREEFTAAAESR, BEFHHA TR
BHEREHTESNER, fitLENERMRT e BRRANEE, WAERZNT FRATHH
MEFATERRECE, DEATHAEENH E. EEEARFRPEFIFFDTFE—LRAENEAAT,
ERBRIEEZENFREASR—HAKURLT AP URRSR .

2, #E

RPN A — IR, BERE RAT i a ERE X AR RR G, TITRATRE, By
HHRATER BT EA . B B PHZENRERMH. B TEERTHEEE TRRH
2, TEHFHUEMIXEFLOSLT, EEATERETREZNZR. #F, EABEEFHETX
FEEEHRE, 5—KMEWFRPARE, ERa. SAKTIRIER, HHERTECRHESR, F23 R0,
T2 B AR [T AR BRI

3. ARBRSHKFEEFNEERX

BT #Htle (REETENAE) REMEERGE SRS SRERSAESR, SRR e £ H
FEitepitE, RAAEAALGE LT EREGETY, #RITEMFaEREaA EErRE. RARLEHFES
Tl B, A7 SETER T F 8 A ek E .

31 HERERAER

B AR A AR EENG SR EEERTE T o0E T E. EERENGSRATEETHRME S
B, SRR A& SRR, MR LETETHT SR REN SRy, REAGRERRET
BEEFREETHELETE, FLEFER LEFRPN, ELXEREEFRGEINEAOME. EX—K0
FIEF R ASEET B aRELE, 2 REEH QIS O &R & &R ORERENE SR AT TR
EEtlg. BT RSB ARSI R SENBITENERE. 3 TERMMEEENEER, FLE
BREAE AT & SHRFRPE S5 fEkbEE -, {BEREREMA T & SEHIfE, ERIZEREMAZTRER
e, ®FEAKy TEOBREELA, TAETINSEHATEELAN, K- RERELS, EERRTE
®T.

b A o O i PR B Bk R S R R B TR A

D R#FR SR st Hie SE R 5%Ar] AR HR TR, RS REC4%NARHRF
N, N-ZHRE¥ER (DMA) | N, N-ZZHER, RECOWHRH#EMNTLHEESSLIL. SMHFE=Fg,
Sh=FE%.

(@) 51%7 EETHIHEBLEENISY%. MAMATSELFLEM, 2EFFET2%. LEEHANSI%
floFETEAF LM (MEEP) |, EEMAFER (BPO) , HEMAFER, S84 AER, SXPEHATE, B
FHETELE, SEAZRFEE, BEZRTHE.



32¥NETE
HEBMTEMEXEEANCEES, RYEZRSEEMMEN, HENLIERENE, EHERLHE
EEEREENE, FRREEETMAEIHEETLE, FRAVEE R E R0 TEAY. Hifachifh 44
TR REREE, ERERTRTHEAL., hVAS S ATEM, 7A RSB AT Bl
IS ME L, ARECEMLZEET, KRR UALRE & BT RSk TAEmOE3-15
), BEBMMSIMEEE, £ MEEE, RemAlEEs. EAERNFR LN, HENEFREP, M
EZFHEETAE N, AESERFE L, ERUZEHLENZBEREREAZRENESD), dhxt&aRBETH
M EFENEI-HERFSEEFTEK . Na', WSl TR EREE, HCu, ZnETHEE
HEAC T AN, AR AT ab S R ARER, W B AR RO R RN b TR
F3-1 B4k SHEE AT (psiom)

FR i ik ik

0.35 140 475 0.75 1.50

051 5.04 10.30 120 2.15

1.12 9.35 20,47 148 6.03
R3I2 mHREES EMREMEEL (%)

Rk [t P 2

104

B

92

36

131

g3

52

47

63

125

42

55

HERA o Tit= (eEERE A AR / (GhIEATRY S Ak B4 H 5

3.2.1 PIHEH EE 1k R E R

BRAT LA ERERELZL, BHARES. Bk, ETHMABEE R, HEFATISELF
Al (MEKP) . SEFRAM_-FEER DMA) EA4WELESR, H—-RTEFEESRABPO+DMANEL Z
%, MASIZREERE, MdEAFLE, EFHHEEN %, ERTREEAVEEENELEER, BEH
EfEEREREm, EafEy. BhEELE, FEAR, £XRains TR, itttk

322 REFELREBAES

HEFLREN & SR SR — T EERE AR, RENFELRAH S RRER R, T8
SBRMNES, TREWERENEM. YREELFEIERTOI%, BREMEEERERE, BXITEL
T IERA DR Bk,

R B LR &S B FIRELL TH i .

@ F B &, FM0FIFESEER, BEXZBOREMERLTEL,

@ EMHABNELRESERTI%, NEHNELSR, TNEEANETE, | EXELTEL;

@ BTEEFRETISC,



3.2.3 FRPH| A S ab 1

G AR PRER R TR R AR R T ERIBAFRPH &, T REHE &R REER. hEFERRE
H AR S I R RS I I bR T R R R A R S .

it b, EEAETRARES THETHFOENECRAEHAIE, ESIERERT, 2ETHR
HEH#TH2FAGEEEAEELE. B2, —BFETHREE, MIEHELENN, ERETREE, RE
THRAE, SIRTFRFEHAER LIRS,

FH. . e EHFEHKLNFEROARESETENL, EXLREAERE. FRAAEH1%H
TEN T, S LR E B, B EELRRERR R Y~11%, MESETHEFHSTA, &
£BAEAHI%. MEELRSANERFERELFRITESNE1%ES. BWEEREH. HHEHEEMRE
PR B AR ER, MEASERMLME, MNEELTE, ST BamE S, EEFDALREE hIRF
e "BEFSFRECEBEENREEME, £ - RBME LESEEEET .

ERESAPEMSRIERERARNOLR, B2 ENTERFERELBREENH002%,. BENAE
Bt TEAH100CEMETeh, REFRSMIEREH2h, % Bk firia SE 4 T Z a5 skl T E R HE
HIHl R A Ra R EER,

R BHAPERETEENHTWE (%)

ik Lk Bk i
in 032 0.53 0.6l 0.40 0.60
Cu 015 0.44 0.45 0.58 0.&7
K 0.01 0.00 0.00 0.00 0.00
21 034 0.32 0.32 0.28 0.33
Ma Q.00 0.00 0.00 0.00 0.00
Zn 050 0.85 079 062 072
Cu 038 0.71 0.67 0.e2 0.94
K 0.00 0.01 0.00 0.00 0.00
31 0.34 0.22 0.32 027 031
Ma 0.00 0.00 0.00 0.00 0.00
in 067 0.91 0.90 076 062
K 0.00 0.00 0.00 0.00 0.00
31 0.33 0.33 0.34 02a 030
Ma 0.00 0.00 0.00 0.00 0.00

33 RITRR EMEX

HEMO R ERN TAABESTE, BlRt bHEHO. B0, SEEEESTHERIXER
2, M5 B EM S RAEEERE R H T AN ER Y AT img, Bk, HERAGE
M EERAI AR, —RAFEATARSEFRRNERMLLE, MFENERE. 554, HTRLE
BESRMNEROZEEEES, BEAHMAEEE L7, —RAIRALBEUER. FEEEREFAT
AR ER, BR TR E AT SiRE. AIRAERNERNES.



4. B RIS A1 TR b & AAm A

AT & R e R Al ZR M, RARREEMAG IR T EZERA EREA T ZH
B, — RIS BOERG S Fe R R Rk, (A TRERREE — 2, SHHTT & SR e s
anH s .

ATEAZX —SEEEAT, s iR R, YEREEFTE, MRFE@GEE. Eh. ALFED
F)E TR, AR BIHEE RE R BRI RIS T E X T R HE T kb AR i — R s R
StaR HEa—aUERE, B LA ARE SRR R o RIS TT B A S PR T R BT Y T

MEBHT SRR, FERHHE -MOENRS RS, nHEHEEEECE. wiEshE S5
B, AAREEEH. KRG, RARE. BT, EoRIRITTHRE. 0 H RISHREH & ik Ertee, K
HMETERMMBE., REEE, BE. WkESHERS, XEEIET KA B aEmE13-2),
HA&#ERT & oA Bl E, fasskEintillzhas gEERERA0cm IS (2FR TR
FAEHNEEHFERIBAEHE) it lh, AERAESHRERL2%AILERAT, EFSIEE HIRL, T
20+ )T T Beh, 0@ KRk SFERMHAERRH thhle, RAERE TRENER S XIPHEER
%, WIBEEREWE. R 1PHEA Mg/ ke, FRFHL A,

F4-1 BRB KRS R EE BT E 5T

TR R R 10mg/kg RESS 0.2mgflkg
<2E i 0.05mglkg SETE pH=58~86
SE Eig A 30mgfkg BB SR #L &80 1mgkg

EENERTORRTETE, MRAFCHRORMTE, EHREASHEESTE, He M E
BEOEESTORE. UK, SEEEA, AoSTRER, WHEE. EREESHASHEBmERY
B, By PRARENE, NERERSBFEIR, EEESTFERTE, KGR SHGIETER M
Fatt, MEUHELRBRER, TR A LR,

TR RIS R R T R, EEFDARREH T EREARIENNE, SHERTSE LiRE
PR BAR . M IRSR . H i b AR A A LB S T AR, LRERIRA 2R
& REOREINER, EFAEERE &R ARMESEE FERMN, FEILLFERRE.

(O 24 {5 A IR A A B8 % S 0% BT BERT, ARELTH AT e 3 B <1 11mg / m’(0. Img/ Ry & Y

%E;

@ % R U AR BRRRT, SORIE R E<1.11 mgim™(0. 1mg / fE) R B hi= .

AT R, EaE e R,

OFF & A

@A TRET B 25 k(TR 518 PR DAl S i

EXfBRTRETROER L. MEEEemkE, SUERRE, EART AR THEME LR
W, LENRIEERERT.

2 RARR, BT T EFR IR R R AR R RREE, LR ER R REMREE, %
FABMSISE TERGLETE, #6758 XA E&E0RE. FERESEL MR, &7
SRR E S A e 3.
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