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in the'medium based on the mechanical vibrations. The frequency of US is higher
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Abstract: Ultrasound (US) is a sound wave propagated

than 20 kHz, which exceeds the range of human hearing. US is especially suitable for the processing of fruit and vegetable juice as a non-thermal
technology. On the one hand, the ultrasound could destroy microbial cell wall by cavitation and inhibit the growth of microorganisms in fruit and
vegetable juice. On the other hand,‘compared with-traditional heat sterilization technology, US could reduce water and energy consumption,

maximize the retention of nu

quality and organoleptic properties of fruit and vegetable juice, and increase the homogeneity of the
products. At present, the effects of U! ne can’t achieve the sufficient lethal effect on the foodborne pathogens or spoilage microorganisms,
while US biﬁ‘with other preservation techniques, such as mild heat treatment, high pressure, bacteriostat, and so on., can effectively
improv& microbial inactivationand enzyme inactivation. This paper introduced the action mechanism and the equipment of ultrasound. The
paper also summarized the research status of US used alone or in combination with other preservation techniques in fruit and vegetable juice
processing”for microbial inactivation, pesticide degradation, nutritional quality, colour, aroma, stability, and turbidity improvement, and the
analysis of the development trend of the US technology.
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Fig.1 Schematic illustration of ultrasonic equipment
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Table 1 Sum

f microorganism inactivation of fruit and vegetable juice by ultrasound individually

XU S 3 nE  HE
Rt A B R
/(Log;o CFU/mL) /kHz /W
" licyclobacillusacidotérrestris
ERT ) 0 Vibra-Cell, VC 600, Sonic Materials Inc. 20 600
ATCC 49025 Fo.F
ERA Saccharomyees cerevisiae KE162 2.5 Vibra-Cell, VC 600, Sonic Materials Inc. 20 600
KRegFRT Alicyclobacillus acidoterrestris 8.5 <0.12 - - 330
- e Ultrasonic cleaner, SB-500 DTY,
FRIT B %S4 1.14 ) ) _ 25 500
Ningbo Scientz Biotechnology Co., Ltd.
- " Ultrasonic cleaner, SB-500 DTY,
FRT B A A 1.30 4 4 , 25 500
Ningbo Scientz Biotechnology Co., Ltd
Saccharomyces cerevisiae, Pichia
¥R, ¥ membranifacies, Wickerhamomyces Anomalus,
. 2.0~2.5 Vibra-Cell, VC130, Sonic Materials Inc. 20 130
Hit, Bt Zygosaccharomyces bailii,
Zygosaccharomyces rouxii, Candida norvegica
BTR
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STRER] STEERIRSE. TESHR.
— Ry, ZE RN FE P B B TR I TR,
NG NE7IRiact 21 s P = T G s /N s S N
A, ERRNE PSR TRRRANE ., B,
FE YT T8 24 P 20 R 2 D P PR A B R E A7
FE4+ . Monsen5 ELEL TR (40 kHz. 350 W,
35 'C. 5 min) X522 [RYIEAH B Escherichia coli K
¥ B, Haemophilus influenzae it 1% W& I ¥ B4 ,
Pseudomonas aeruginosa £ [ AT 1 A1 2 =% PG FH 1441
Staphylococcus aureus 4> 31t %] 3K,  Enterococcus
Saecalis3ENHERTE , Staphylococcus epidermidis3R )% %]
BREA MR, 25 S WA 22 PR P Pt 4 7R G B == EPH

LR
et Saccharomyces cerevisiae 1 Vibra-Cell, VC 600, Sonic Materials Inc. 20 600
s Ultrasonic unit, CPX 500,
iconn IR E A H 1.38 20 500
Cole-Parmer Instruments.

Famit Pichia fermentans 5 Vibra-Cell, VC 1500, Sonic Materials Inc. 20 1500
WE it ER-ESE 4 1.5 Vibra-Cell, VC 750, Sonic Materials Inc. 20 750
WE B A A 1.8 Vibra-Cell, VC 750, Sonic Materials Inc. 20 750

s I Ultrasonic unit, CPX 500, Cole-Parmer

BET i %A 0.8 20 500

Instrumental Company. .
" . . Ultrasonic unit, CPX 500,
BET B KIDATHA 1.1 20 500
Cole-Parmer Instrumental Company:

FIESan Escherichia coli 23 Vibra-Cell, VCX 1500, Sonic Materials. Inc. 20 1500

F)BL it Escherichia coli 7 Vibra-Cell, VCX 1500, Sonic rials Inc. | " 20 1500

RFET FR1@/(um/%) A/ C A /min ]

3 AR

FRT 95.2 um 301 2 44+1 _—ll) [4]

FRA 95.2 um 301 30 [4]

R FERAT - - 10 [3]
FRA 70% 20 60 (7]
FRAT 70% < 60 (7]

ERF, E ,

. . 61 pm 40 10 [48]

i, A&

it 95.2 pm 20 40 [33]
it 89.25 um 10 8 [15]

&bt 61 um ) 10 75 [23]
B2 70% )15 5 [20]
ik 2y 70% o015 5 [20]

HET 80% 25 8.3 [11]

EHA 80% 25 8.3 [11]

FFL 60% 30~38.60 1 [17]

FAE Say % 30~50.25 5 [17]

o K AR,
2.1.1 w RAfAR 5 KRR AVER 6% 08 TR TR P PRI 32 1 B R, T e A ) S

A5 BN, R 4 i O 4 R B 2 2 KR R 4
J%, JEREN 20~80 nm, M 2% B B4 R R SR
BEECAH 1~7 nmP>3, (B, AR RIS
ST PSRN O E AT B 2 7,
2.12 IHEASTR B IR F AR 7H
R AR A S ARNE . ALBR IS 7] ThEe 5L
TARRE GRS FR . YRR TR S5
AR IS, BEEIRIE. Shas s, i
BRI SE K, PREER T, A I R s S
W, CUIRERR T 50 CHE, BUEER R
FEAR TP, BT
FE AT L2 AT 43R BRI KT 50 CHY,
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6.5 ANXTHUE: TRIFESRAE T, RN (TAES
s, {51k 5s) TAE 10 min, AEEE N 475 C, WMk
Yt 5.2 ASRTEUE . ki RER 1 AR R B
TEH, HEEEE AR T SR R R FE AR R
BelE, SRR TR, AR A E AR,

T, AL AR R T R IR
AU TR P R B AT 5200« Mohideen &5 LUHL
[FE (24 57 93.5 mL/min) 04 N4
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AR CE R R gD, AT RE e
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B v o o R A R P AR L
2.13 A IRBEAT AR B R A VBRGS0
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%u%m,.é (R TRFES. Valero S5
H A ISR T e T s s b, SEk
F RS, pH TR R AR AR B
BIIEAE S, — S S UCAREIEA R pH 5%
FRST R R R BT ERCE BEE AE, A RN IR
P pH A RAE YT 7 I 0 A A E SR Uk, ]
DUSR e A% B AR PY, Guerrero 25 HLEL T HEA R (20
kHz, 71.4 um, 45 ‘C) fEANA pH (3.0 B 5.6) %A
T EERERIVE R, RKBIAE pH 3.0 2514 R R
P BEAEFBE N, AT REERARIRIE/ER T8 A PR
YEFES, 1 pH 3.0 AIPRSEEE = AE b Rl R B A E H
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o
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min, RUAEYIFEIZI 1] 5 LR AR 32 1) 3235 1 7
WAIHIVER, 5 Weibull B8 (REEAEAH—F),

22 MFERESEMBARZRKRE T ML

6y #F 5

Sl P EVER s o N VAR S S R O e al o) )
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RKEAEHZE, SRR S S R,

Alicyclobacillus acidoterrestris V&R FATH /& R EURYT
BRI B, PRI E TR, AT LARET
HRURIT I L2 b T RO R IR o B A IR A
H A acidoterrestris #1 7 HIABERCERIFALEPH,

Djas S RIRAEE R 40t 330 W AL 10 min, 4.
acidoterrestris T8 TIUE> 0.12 DxEUEP. Mk B

SRERIBCERAINR S KO BLT I, AT AR
ARAT 0, SR 40T 35 kHz, 480 W
R ALEE 25 min R AME (13.44 Wim®) AbFE
5 min, A. acidoterrestris {0/ 4 DHUED; &
#2234 20 kHz 600 Wi AEHE 10 min ARk (3
pulses/s, 71.6 Jem®) 4bFE 1 min, FEHEITPH A
acidoterrestris Tl T-/> 5.8 MHHUEM

R 2 BERESHEMERARR IR TP HEDNARCE
Table 2 Summary of microorganism inactivation of fruit and vegetable juice by ultrasound combined with other techniques

ek B 2

RET &) LA WB AR A KHz DEIW
(Logjo CFU/mL)
&t Saccharomyces cerevisiae >4.35 (350 W) 200y, L7872
25t A AmrE 1.56 4’;‘%5&(453 509 0 300
AFAZER(500
FRIT Alicyclobacillus acidoterrestris 385 35 ¥4 l‘%ﬂg(lﬁﬁlw 120~480
ERET Escherichia coli ATCC 35218 35 ’%‘5’]‘%}1@&8.7%2) 20 600
RE T Wickerhamomyces anomalus 36 2.07 Wk & 20 130
BRI (50x10°)
BAET Escherichia coli O157:H7 5.85 JE 77(350 MPa) 40 700
=Rt Escherichia coli O157:H7 5 25 200
=Rt Salmonella Enteritidis 9 25 200
Aot HEEH, ARARE 3.4~4.0 #ALFE(65 C) 20 750
SERT Saccharomyces cerevisiae KE 162, 6.4 Wt %(3 I)ZUISES/S7 20 600
71.6 J/em™, 60 s)
Alicyclobacillus acidoterrestris ATCC Bk F(3 pulses/s,
FRA 8 20 600
49025 F6-F 71.6 Jem?, 605)
RN WSS, A Ay 2226 %+ /(250 MPa, 10 min) 20 750
LTS5 °C), HEMRT R
Gonn Staphylococcus aureus 6.8 30 500
(40kV/em, 150 ps)
HE T 0.18 Z%(90 °C, 5min) 50 500
Rk BE/C B 18] /min B Tk
Gony 35 11 [16]
w5t \ 20 10 [10]
EX P % 25 25 [35]
ES SN 951im 401 20 [33]
®F T 80% - 4 (34]
BEA 80% 40 5 [12]
=Rt - 60 7 [8]
=Rt - 60 3 [8]
Bt 70% 65 10 [18]
ERA 95.2 um 44~56 10 [32]
FRA 952 um 44~56 30 [4]
WE it 70% 15 5 [20]
T - 55 10 [31]
HE 70% 25 20 [21]
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E: R AR,
3 BENMEERITTHRAKEBHMR

AR LA B R RO R BT B R KT — AN
R, DR A IR S A, BRI AR
2k P A9 B AR A R T A R P AR
w2 3 VLR T AHIRBE AL

IRGESEARIT B E R 257 B PR 5 5 (1 2
E,ﬁkgﬁﬁmﬂ%I%ﬁl%%ﬁ@%%%@@
e

L HBTTT 1 P P B AR v A AN

FEFHREGZARZMIER, 300 W, 55 CALHE 45 min,
HEGHER R F NG WATHIE . wEUEE. R
AT BIBEAR T 96.42%192.97%+91.76%- 100.00%:;
240 W, 50 ‘CAHbPE 30 min 20 FIRBE A 2K % Bl
PO 58 E T IR T 66.74% 77.51%- 75.84%.
& AR IR P E I AR O] DA A SRt R
m&%%%r&%tm&&@ﬁiﬁﬁmﬁ%mfﬁ
ﬁéﬁ%ﬁ%m XA AT S & S
TE. BRE ﬁ@ﬁiﬂ?&ﬁ%m“o

* 3 BANERRITT P RAREXATILE

Table 3 Summary of pesticide and mycotoxin degradation of fruit and vege

le juice by ultrasound

23t R A%E R E /(mg/L) SRR/, EKHz  HFE/W i/ KA Sk
FRA L 2.7 71 20 650 30 2]
FRA Fk 0.163 85.8 20 900 |7 65 85 [63]
FRT DR RFE 10 62.17 416 37 18 [64]
EX i 3 0.01 83.22 1900 60 [65]
FRIT ¥ At - 9.91 40 00 3042 60 [66]
FRT LB R - 10.06 40 3042 60 [67]
FRT AR 5 8.53 40 3 30+2 60 [67]
FRT ¥R B 5 10.98 40 300 30+2 60 [671
FRt 1 35 5 5 8.75 40 300 302 60 [67]
FRt R 5 40 300 3042 60 [67]
FRT X AR 5 40 300 3042 60 [67]
FRt AHAEE 5 40 300 55 45 [68]
FRF RAARAE 5 40 300 55 45 [68]
FRAT AAULH B 5 91.76 40 300 55 45 [68]
FRT 2R H s 5 100 40 300 55 45 [68]
FERT R % B 405 66.74 40 240 50 45 [68]
FRIAT é',%si 5 7751 40 240 50 45 [68]
R 75.84 40 240 50 45 [68]

IRE,
4 @é}%m@wm

Z Wy Ml (Polyphenol Oxidase, PPO). 144k
Yl (Peroxidase, ' POD) . HiIA I {2 it 46 4k 4) iy
(Ascorbate peroxidase, APX). F/i HEENSHS (Pectin
Methylesterase, PME) FIfigHi%A &l (Lipoxygenase,
LOX) 285 R 1kt i # VA%, PPO. PODAIAPX
R RGIHRN FE A Z; PMER] DARRAERIR,
WA RBRTRIA R LOXAT DML R BRI H ANV AN
NEWTRR M T LRSS A, A MR i 4
R A BGE T A E R SR SRR T R T
JERADI 2L ORI S R 28, i KB T AT ARG
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THIFER (19 kHz, 500 W) X T4 EREH T PPO
sz, 45 RRVBEEIRIEEIN (20%~100%) 4bHE
ﬁ@iﬁ(%wmm)tmﬁﬂ?M%%W%kﬁﬁ

s PPOYRARIEMEZ PR . 875 T geidid Ak
%Wﬂ?%% LR e A, SRR
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(19 kHz, 500 W, 20%~60%, 2~10 min) ] A3
HRHHPPO. POD. APXHIEMERY, (HiE, MR
B IR SR BRI R A P ABR, e R


javascript:;

MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.5

RO HABEOR I, PR, EER R, TUKACERAE AT LA
SRR A IS0 Abid4E R P AR (25
kHz, 500 W, 70%7#fE) HAAbEE 60 minX) T35t
HPOD. PME. PPOMIEMTC M HihE (250
MPa) AR 10 minfFHOTEE S PR, FREDVETE

WA 81.93%. 75.46%. 77.63%; BRI S5 EEE
IR AE IS R R T — D RRAIG,  FREATE MK
PN 70.99%. 63.87%- 66.12%, % WA I 5k
X B AL A T R R,

* 4 BERRMEES EMERN TRiE T PESE A ERANLE

Table 4 Summary of the effect of ultrasound used alone or combined with other techniques on the enzyme activity of fruit and vegetable

juice
. . LA HARA 3 ) 4 .
Rkt B REEME% Wt WMEKHz HE/W  RE(m/%) BE/Co BME/min - AH ak
C3ER
LIEABEF PPO 85.27£1.71 x 19 500 90% 43,9 9 [24]
Rt POD  114.34+2.67 x 19 500 [28]
Nt PPO  88.18+1.80 x 19 500 (28]
Nt APX  43.26+1.83 x 19 500 (28]
FRIT PPO  1.91+0.23 #ALFE(65 C) 20 750 [18]
FHait PME 94.38 #ALFE(T0 C) 24 400 [70]
FR POD  32.67+0.06  &5#/E(450 MPa, 10 min) 25 500 (7]
FRT PME  23.93+0.05  &#/%(450 MPa, 10 min) 25 500 [7]
FRIA PPO  21.13+0.05  Z#/E(450 MPa, 10 min) 500 70% 20 60 (7]
W¥ I+ POD 63264017  FH#/E(Q250 MPa, 10 min) 20 750 \ 70% 15 5 [20]
WE A PPO 53.18+0.17  FH#/E(250 MPa, 10 min) 750 70% 15 5 [20]
WE I+ PME  5845+0.16  FH#/E(250 MPa, 10 min) 20 750 70% 15 5 [20]
WE M LOX 55174035  FH#/E(250 MPa, 10 min) 20 750 70% 15 5 [20]
&4t PPO 200 F k4L 22(1 g/mL) 35 700 — - 30 [19]

A RTFAIRE,
5 HBEKNRRTmRER

51 7 HATRE A E FRRka 8 1E Al

YEAE R LR HE A
HAEEEZ . %45

TN & AR T E TR T Bt o AR, B A
N—H BT CALE N TR 5B 72 o e i
K2 iy PRPOE . PRy HEAE R ZEYATIE b

REEETE R RS

[7,11,15,18,20,21,24,27,71+75]

5.1.1

BL R Bt A Ak P

T % B T M Ae T i R

WAL A R h R REAE SR, WEIRRELAE
SRV K CURAR TS AR . S F R
RO T BB pH . T SE BRI ATV [ T A iR
B SN, AR AR AR R 451, R
W] DLR SRR TR SRR A SR
61, DA R ALy e iy ] g s R ) T
512 #%A%C

#erb & C R ANARLRREFR TR, FERBAE R

) FM T A KAERE# . Saceduddin SR IEH P (20
/

kHz, 750 W, 10 min) 7E 45~65 C&& MK T 34
PR CIEE, £25 CEERG T ERCME
B, eSS ERR R s A o [
FE, #EAB (20 kHz, 400 W, 50~58 °C, 2min) A]
PUE Z RIS Ml R e b R C RAER
fift, R ACFREAES MATE 4 CLRE 10 d 5 4E
A F C IR T 35%, Tk A i AT A= 3K C IR
HHITE 17% AR,
513 %8

WHER Wl SRR TRE 2RI AT
S5 RERHIEE SRR, ZEAEE pH. IR,
iR AR SRR B TR R R A,
BT KA AW TR B2 R i (25
kHz, 700 W, 20 C, 30~60 min) ALFEJ5 sy, MH
B A o B N, — 5T, AT REAE
FEWEAESRET ) ) SR EE IR, 2L A
PRRARERG 55—, SHAERF AR A
TN BN A A 75 B IR IG AT 5 r b, Z5HK
AR, [ERE, Saeeduddin 5% FIAL LI A
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(20 kHz, 750 W, 25 °‘C, 10 min) AbFE, SFEALL
PR SR AN, MTE 45~65 CH&M N 2Bl
AV ERERFIC, RINRET &SRB MR AR
ﬁﬁ[u’lg]o

514 KWF L&

KR M ERRENEE R A FERESRIE, © B
P P PURFIEE B IhRE. b,
&R TN SRS M ERR e, S
FALPFAR . Jabbar 55 & IEE 75K (20 kHz, 750 W, 70%
PR, 15 °C, 5 min) A DL EIGINEAE bt i
B NE, ST PEMBMLRNSTED, FRE,
Rawson S5 KIIAFI L2540 (20 kHz, 1500 W,
24.1~60 um, 25~45 C, 2~10 min) %P4 T
FMARSEARELW, FEERE. REEm, &
M REK, LB R R,

5.1.5 ALK F
R g R C. ZBRLEY. BT b

REEMEN RA AN, RiERAaNEEE
FHIE, MR 35 B 23 R A 3545 - Saeeduddin
S TR (65 °C, 10 min {95 °C, 2 min)
AHERA (20 kHz, 750 W, 70%73EIE, 25~65 C, 10
min) XA HUAMTE RIS, B RN B AL PR
BEAR 7 24T T ATE Y, R A R B R T
FUT TR, 25 CACEER IS M f i, 45 R K
PrEMIEME SR P44 R C M2 MmR AN S &
A, | 4

52 MFEBETRREITIEHER

P T S PP SR
WARRG TN L

W, R E e R, W
T FETANEEE, AL LRI T3

LI A KA SRR T ﬁtlﬂ’ﬁ%ki

B fretE Az .
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Table 5 Summary of the effect of ultrasound used alone or combinylﬁ/ith other techniques on the colour of fruit and vegetable juice

Rt M LA eg@ammﬁéﬁ- >ﬂfo o Py
rat MR, R4k, RE. & \ 20 kHz, 500 W, 89.25 um, 6 min [15]
it IR, R4k, RE. x 20 kHz; 1500 W, 61 pm, 10 min, 32~45 C [23]
FRA MR, T4k, RE. % 25kHz, 500W, 70%, 30~90 min [71]
KFT BTN, T4, T, 2 x 24kHz, 400 W, 40 ‘C, 10 min [5]
GARE T AR, R4k, RE. 24kHz, 400 W, 40 ‘C, 10 min [5]
#aT SRR, i, K, /fl 24kHz, 400W, 40 ‘C, 10 min (5]
FE BT T, 4K, # 20kHz, 1500W, 70%, 5 min [79]
25 SRR, A, THE. 7z 20kHz, 1500 W, 70%, 10min [80]
KTt BT, Rir, RE. #ALFL(60 C) 24kHz, 400 W, 60 C, 10 min [5]
FAET MR, R4, RHE. #ALFE(60 C) 24kHz, 400 W, 60 'C, 10min [5]
#naT HE T, k. HALIZ(60 C) 24kHz, 400 W, 60 ‘C, 10 min [5]
g MET BEAK 450 MPa, 5 min 18 kHz, 600 W/L, 5 min [85]
b RN, T4E, TIA. 250 MPa, 10 min 20kHz, 750 W, 70%, 15 C, 5 min [20]

B MRS & FA A T Rk

) T EERE ) LB B, (E R GRS, L*
T ~1’E’Fﬁ Tiwari & 7C T 9 (20 kHz,

BTG, POSH L EE SRR NS BN,

0.30~0.81 W/mLj 24.4~61 um, 25~39.9 ‘C, 0~10 min)
MR EaET EA A RATINER, 45 RKR
A4 (L* (lightness, 0="2 {6, 100=F1{1). a* (-a*=
Zrth, +a*=ZL ) Fl b* (-br=iifh, +b*=(1)) 2
DA AR, B IR ACT R0, A PR
R, PETAIERE VT a*. b*BHTFHK, L. #fs
ﬁ%ﬂlﬁ@‘%ﬁ;?ﬁiﬂﬂ {HsE, 25 P A A e
oak, LARERN, W bR B A ]
FE, Eﬁ/‘[‘ a* FILE B ZEIZBE N, HRmE AT
a*%ﬂ‘jéi’é&ﬁﬂ%ﬁ;”ﬂ M H., 875 AL BRI TR
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S-SR HLEEE (5-hydroxymethylfurfural, HMF) &3
BN a* EESIEHE 2 I AR SE RS I
PRI A, [FFE, Cheng 25 A I #E A I (35
kHz, 20 ‘C, 30 min) AEEZ AR a*fil b* o253
s LS, Tk A (28 kHz, 20 °C, 30~90
min) AFRIEIRHYT I L* a* Al bbb, (Haidit
MR AL S Al AR BLSR T il A 7 el

L P AN B S R A AN B R RV BB e 2
fy & 20 7T LLaE i B 2 (AE*=[(AL*Y+HAa*)+
(Ab*)!]" )k, AHE IR T 0 22 S AR IR v L,
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A3 ANALEAN (0~0.5), FHRUEAEN (0.5~1.5), &M
S0 (1.5~3.00, AT LA (3.0~6.0), KK
(6.0~12.0) B4, Rawson 27t 18 I% (20 kHz,
24.4~61 pm, 25~45 C, 0~10 min) XTI
SO, 4R EEAIPRIE 225 25 "CHF 24.1 pm B, 7
SR LUK 240 ] AIRIE 275 39 D0 %S 10 min
AT61 pum B, LHEIEIN. W H, LR a*{EpEE R 1)
SIS AN o 75 5 e BRI A S R AR S AR FH
A DL I PR 25 5, stz AE>3UY,
Adekunte ZEF 5T T A (20 kHz, 1500 W) X 7%
A, KIMBEEIRIEE N (24.4~61.0 pm)
AALFERF A ZE K (2~10 min), L*. a* Al b*iZ#i b,
HEZEM 0 BINE] 617, Rk, s Ak
TERSIAL R G 2T A Al EBRIEMA, NG
A [FIN, AR — A R faE, B
JBORIREZWEY), 8RBT E I T Aot FE R
FFERUF I KT

53 HEHEMNRBRTEARANIER

RERT RN I AR R B RS2 B I EH R
AR SBUSRAR 75, BA= ke, TR
. HR#EStockes e, FEAIAIDTRGEE S5 R0 ELAZ
SR 5 P S5 LR P 2 2 R LG, SRS B R L
SR RIMBEIT IR 2 AR (20 kHz, 750 W,
70%, 5~20 min) ALFREFZER:, SpA0 S #HTAE % .
BT 2L 20 min# AL PR, OREAR 3 AR VO
150~600 umfFEEZE 100~400 pum. 7] HE &8 75 E T 25
AE RIS G R R AN UARS) TR SRR . K
7725 /N8 [, Ertugay & BB 4 JRIE (50~100 pm)
R (40~60 C) HhN, <854 (24kHz, 400 W,
5~10 min) 1] DL S S S (1

A ma A A T SRR N BRE R AR
RS, Bt 2ot A . (20 kH W, 2243 C,

6~15 min) KSR
WA R A b, B2 i i b 2 RS L Yk )N
CIEEE a3 = S S N = b ST ey =N
XF R EABIER, XT3 m Rk

e U R R AT S
AU T WA PP R 7 i KRB R bR 2 6

—o HRBMRESRU BRGSO R
JR BT AL G IR R R R S R AR,
B 5 FEEIEF SR R DL B USRA) o 12
A, BBV R, PRS2SR R IR 2o
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AbIRJE P AE R IR. OFF T8 2l f
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SWFFPEAAR, MHS R AR IRE
PR R RIRERE . R AP Hh B AR, 75
HEEEMRE . B2, B PE T IRENRAS 15
BRI, FRE, Ja SR R SR AT
kL (& 30% (20 kHz, 600 W,
60~90 pu os Cy 10 min) ANH 524 T 5508
mﬂﬁg N TR 7 DR
), “TRIFRE S AR FRAE RS DA eI 2R
HRR S ARSI R BB D . PG TR 1
M (33.94~63.9 W/em®), B HFSRARZ R
M 32 T 184 00 o 368 75 30 2 A A P 2 ) W g P B A B
J¥ 5500 K. 577 1000 MPa) FlHE H3 I AGE 75/
RS KA — RAR IR A RS EE R A
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FEER. AUREA G R FE . B B PR 2 I B
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