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Development of Vacuum Impregnation Technology and Equipment
for Rapid Salting and Nutrient-Fortification of Baechu
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SUMMARY

[. Title of Research

Development of Vacuum Impregnation Technology and Equipment for Rapid Salting and

Nutrient—Fortification of Baechu

[I. Objective and Importance of Research

1. Objective
The objective of research was to develop a vacuum impregnation technology for the rapid
salting of baechu within 5 hours, and to develop a vacuum impregnation equipment for the

enrichment of baechu during the salting process.

2. Importance

The technology and equipment of vacuum impregnation can cut down the manufacturing cost of
kimchi by increasing the labor productivity and capital productivity in Akimchr factory. And it can
improve the quality of Aimchr by the mechanization of baechu salting process. Therefore the
international competitiveness of Korean Aimchi can be fortified by cost down and quality

improvement.

IM. Scope and Contents of Research

1. Development of vacuum impregnation technology of baechu
a. Process design of vacuum impregnation.
b. Research the impregnation kinetics by initial vacuum.
c. Research the impregnation kinetics by releasing velocity.

d. Research the impregnation kinetics by process temperature.



e. Research the impregnation kinetics by interval change.

f. Optimization of vacuum impregnation conditions.

2. Design and make of vacuum impregnation equipment
a. Concept design of vacuum impregnation equipment.
b. Make of laboratory scale vacuum impregnation equipment.
¢. Scale up of laboratory scale vacuum impregnation equipment.

d. Make of pilot scale vacuum impregnation equipment.

3. Development of nutrient—fortification technology for kimchi
a. Composition of nutrient—fortified solution for vacuum impregnation of baechu
b. Development of nutrient—fortified brine for Aimchi.

¢. Development of vacuum—impregnated salted baechu and nutrients—fortified salted baechu

4, Evaluation of vacuum impregnation salted baechu for the manufacturing of kimchr
a. Evaluation of vacuum impregnation salted baechu by physicochemical characteristics
b. Evaluation of vacuum impregnation salted baechu by microbial characteristics

c. Evaluation of vacuum impregnation salted baechu by sensory test

IV. Results of Research

1. Development of vacuum impregnation technology for baechu salting
a. Mechanism of vacuum impregnation Kkinetics in baechu salting
The vacuum impregnation system for baechu salting was developed with a capacity of a batch
with ten heads of baechu in laboratory scale. The mechanism of vacuum impregnation Kkinetics
was elucidated by experimenting with the laboratory scale system.

1) The mechanism was found as follows: When the sample is under vacuum with the salt
solution, the solution is penetrated into the inner part of the sample, resulting in
increasing the contact area between the solution and the inner surface of the sample.

Consequently, a osmotic phenomenon is enhanced due to the increase in the contact



area. It is unique that the content of solution in the sample after the impregnation
becomes lower than before the impregnation, which is not common in the general
vacuum impregnation processes.

2) The vacuum pressure (50~200 torr) didn't significantly influence the impregnated
solution content by the vacuum impregnation. It may be because the penetration is
balanced against the osmosis.

3) As the periods (5~15 min) after be recovered to 1 atm increased, the solution content
decreased due to the increase in time of osmosis.

4) As the times of cycle of vacuum/atmospheric pressure increased, the solution content
decreased, representing a good salting condition.

5) As the temperature (15~30°C) in the vacuum impregnation increased, the solution
content increased.

6) As the salt concentration of the solution increased, the solution content decreased in

large quantity.

b. Optimization of vacuum impregnation process conditions
The cyclic vacuum impregnation processes was optimized in terms of vacuum pressure, cycle
number, and process time. A experimental design was applied in 2" factorial design, and the
experimental results was inputted in linear programming (SAS Inc.). The estimated optimal
conditions were found as follows:
1) Vacuum pressure : 55.1 torr
2) Cycle number of vacuum/atmospheric pressures : 8 times

3) Process time : 13 min

2. Design and make of vacuum impregnation equipment for baechu salting
a. Design of vacuum impregnation equipment
1) The system was basically composed of two tanks: one for vacuum impregnation and the
other for holding the salt solution. The materials were out of stainless steel, and the
structure was designed by considering the endurance of the machine. The lids on the

tanks were separated, and handled with a hoist in the working place. The tank was



covered with a insulating material.

2) The tanks had a outlet with filter for the drainage, and equipped with an electrical
heater to adjust the solution temperature. A level gauge was installed on the tank wall
to indicated the amount of the solution in the tank. The salt solution could be
transferred to each other by a circulating pump.

3) The vacuum pressure control system consisted of vacuum pump, pressure gauge,
solenoid valves for pressure cut off and release and controller of ON/OFF. The vacuum
was created by the vacuum pump running and pressure release valve OFF; the vacuum
release was done by the pressure cut off valve ON and the pressure release valve ON.
The delicate control of the pressure was performed with an exclusive solenoid valve
for pressure control.

4) The sample container was out of a grid. The inner space of the container was separated
with a grid plate by several layers. The separated space for the sample could prevent

the samples from being pressed by the above samples.

b. Make of vacuum impregnation equipment
1) A laboratory scale system was built on the basis of the above principles. The capacity
of the system was for 10 heads of baechu as a batch. The system was fully controlled
automatically with the control system developed in the research.
2) A pilot scale system was built on the basis of the above principles. The capacity of the

system was for 100 heads of baechu as a batch.

3. Development of nutrient—fortification technology for kimchi
a. Composition of nutrient—fortified solution for vacuum impregnation (VI) of baechu
1) To characterize nutrient—fortified kimchi, various nutrients (20%) were added to water
and vacuum impregnation was carried out at 100torr, pulse 6 for 10min.
2) The nutrients were oligosaccharides such as fructo—oligosaccharide and galacto—oligo—
saccharide, calcium, and vitamins such as vitamin C and E, and condiments such as GMP
and IMP.

3) Sample volume fraction impregnated by the solution (X), relative sample volume



deformation(y) and effective porosity (e.) were measured according to the change in
the process variables.

4) All nutrients were impregnated effectively to baechu according to this study.

5) Value X of calcium was the highest followed by vitamin B2, fructo—oligosaccharide and
galacto—oligosaccharide. But X of vitamin C and condiments were lower than the others.

6) The effective porosity (e.) of fructo—oligosaccharide was the highest followed by
calcium, vitamin C and IMP

7) Relative sample volume deformation (y) of calcium was the highest follwed by vitamin

C and IMP. However, there was no change of v in vitamin B2.

b. Development of nutrient—fortified brine for Aimchi.

1) Selected nutrients such as vitamin B2, vitamin C, clacium, GMP and galacto—oligo—
saccharide which showed higher solubility in water were added at the level of 1% into
20% brine to investigate the effect of the nutrients in the real salting process of
kimchi,

2) Sample volume fraction impregnated by the solution (X) was decreased in the order of
GMP, galacto—oligosaccharide, vitamin B2, calcium and vitamin C. However, the X
values were all negative due to the osmosis of brine.

3) Relative sample volume deformations (y) of the nutrients were almost same except of
vitamin C. The similar v values of the nutrients were contributed to the decrease of
volume of baechu due to the osmosis of brine.

4) The effective porosity (e.) of calcium was the highest followed by vitamin B2, galacto—
oligosacchride, GMP and vitamin C.

5) Based on this study, vitamin C, MSG and glucose were selected for vacuum-—

impregnated kimchi.

c. Development of vacuum—impregnated salted baechu and nutrients—fortified salted baechu
1) To develope vacuum—impregnated salted baechu and nutrients—fortified salted baechu,
nutrients were added to saturated brine(30%).

2) The concentration of NaCl, reducing sugar, vitamin C and pH, bending force, juice ratio



were measured in salted baechu.

3) The salinity of VI baechu and VI kimchi was much higher than those of conventional
baechu and kimchi.

4) The pH was between 6 and 7, which means that activity of lactic acid bacteria (LAB)
was lower at the intial stage of k/mchr fermentation.

5) The bending force of VI baechu as well as VI kimchi was higher than others. The
reason could be the low penetration of salt to baechu. However, MSG added to
nutrient—fortified kimchi makes baechu soft resulted in lower bending force.

6) The juice ratio was not much different in baechu but was higher in kimchi due to
various ingredients of kimchi.

7) The concentration of reducing sugar was higher in nutrient—fortified baechu and kimchi.
Therefore to add glucose as a reducing sugar is effective method to compensate
reducing sugar in kimchi.

8) The concentration of vitamin C was higher in nutrient—fortified baechu and kimchi.

Based on this result, adding nutrient to kimchi was very effective in VI kimchi process.

d. Conclusion
To develope new method for making high—quality Asmchi, various nutrients were added to
baechu. The development of new nutrient—fortified brine and characterization of the salted baechu
and kimchi was carried out. Based on this study, as an added nutrient vitamin C, glucose and
condiment are used for making nutrient—fortified brine. The concentrations of the nutrients such
as glucose, vitamin C, MSG were optimized as 5%, 2.5%, and 0.5%, respectively. Based on this

result, adding nutrient to kimchi was very effective in VI kimchi process.

4. Evaluation vacuum impregnation salting baechu for the manufacturing of kimchi
a. Quality evaluation of salted baechu
1) Evaluated the quality of salted baechu during 4 weeks storage after the atmospheric
salting, vacuum impregnation salting and nutrient—fortified vacuum impregnation salting
of greenhouse baechu.

2) Quality of salted baechu was evaluated by salinity, pH, texture, juice ratio, total



microbials, reducing sugar content, vitamin C content, and sensory tests.

3) Salinity of vacuum impregnation salted baechu was 2.5% after 5 hours salting under 600
torr.

4) Potential of Hydrogen(pH) was 6.5 and the bending force was 954g force after 5 hours
vacuum impregnation salting of haechu.

5) Juice ratio and total microbials of salted baechu was 6.5% and 350 thousand colony
forming units.

6) The content of reducing sugar and vitamin C was 3.4mg/L and 12.6pg/ml after the 5
hour vacuum impregnation salting of baechu.

7) Overall quality of vacuum impregnation salted baechu was average(3.0), but its taste
and texture were improved by nutrient—fortification with glucose and mono sodium

glutamate(MSG).

b. Quality evaluation of kimchi

1) Kimchi was manufactured by mixing of seasoning mixture with salted baechues which
were prepared by atmospheric salting, vacuum impregnation salting and nutrient—
fortified vacuum impregnation salting.

2) Quality of kimchi was evaluated by salinity, pH, texture, juice ratio, total microbials,
reducing sugar content and vitamin C content.

3) Salinity of nutrient—fortified vacuum impregnation(NEVI) baechu kimchi was 2.8% and
pH of it was 6.2%.

4) Bending force of NEVI baechu kimchi was 556¢g force and juice ratio of it was 7.2%.
5) Total microbials of NEVI baechu kimchi was 990 thousand colony forming unit, reducing
sugar content and vitamin C content of it was 5.3mg/L and 10.1pxg/ml respectively.

6) Overall quality of NEVI baechu kimchi was 3.6 point(average high) and it was higher

than those of vacuum impregnation Aimchi and atmospheric salting kimchi by the

improvement of taste and texture.

c. Conclusion

The quality of vacuum impregnation salted baechu was too salty and too rigid to make kimchi,



but the taste and texture of nutrient—fortified vacuum impregnation salted baechu were improved
by adding glucose and MSG. The overall quality of nutrient—fortified vacuum impregnation kimchr

was higher than those of vacuum impregnation kzmchr or atmospheric salted kimchi.

V. Recommendations for the Application

Research results can be applied by 3 ways.
1. To develop the mobile salting equipment of baechu by appling the rapid salting technology of
vacuum impregnation. Mobile salting equipment could be developed by trailer or heavy truck.
2. To reform the salting process of kimchi factory by appling the quality control technique of
vacuum impregnation. The productivity of kimchr factory can be increased 2 times higher by
replacing salting process.
3. To diversify the kimchi by appling the nutrient—fortification technology of vacuum im-—
pregnation.
But, this research results cannot be applied directly to kimchr factory, because there is no
economic scale research in this research. Usually 10 tons of salted baechu must be produced in a
day to reach the economic scale. Therefore make of economic scale producing system must be

developed by further research.
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1.7408 | 1.5858 | 2.3210 | 0.8020 | 2.9013 | 4.8410 | 3.4816 |10.6856| 5.2224
1.1605 | 2.1399 | 2.3210 | 4.2785 | 2.9013 | 3.4963 | 3.4816 |21.7136| 4.6421
1.7408 | 1.4306 | 2.3210 | 2.5016 | 2.3210 |10.4224| 3.4816 | 0.7838 | 5.2224
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T5 ; 16min,10min
A
<l
=
0% 2% 5% 10% 20%
SEU 55(%)
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3 pulses 6 pulses
X v X v
100torr, 20min —0.0483 —0.2500 —0.0327 —0.2500
200torr, 10min —0.0196 —0.2500 —0.0189 —0.2500
200torr, 20min —0.0481 —0.2500 —0.0247 —0.2500
pulse3 o 2 ol x| HES pulse6 T 2t ZziolMel A A=S

X(UH &5 8)

pulse 6

pulse3g i Zt =70 A<
ABHEE

pulse 3 pulse 6
pulse3g mf 2t =710l A9 pulse6d of Zt =Z10i A9
effective porosity effective porosity

-0.02

-0.04

effective

porosity
effective
porosity

-0.06

pulse 3

<8l 1-12> puse 3140l wal 2t mZo|Me| BHAHNEST AE HEE FERIB ¥

Pulse 5195 33} 7o) 299l 60.% Hala 2 e 2ANN ) FUAUFEY AR AFEE
W) 2w et gk,
BE 99 AsE g9 B AEL &9 AR WFES HU Pusesl o) 49 B



o= pulse3|7t 39 wr} 6 wjHth o & BT} Pulse 3, 100torroll Al 208-7F 153t
A& 3 AR Aoz TH A2 AEES HelEd, ol AgagoA o] siAld o o
Hol Wtz Qlgk Ao g AZtHr),

M HFEe] AAZFE AFUE 200torrdl| A pulse 3|55 602 3t 204 U TGS

)
o

EQ
T

AERPES BE AdM A vebdsd, ol e 2Ry pulseE 7HE e ol A8

A% ke A% 33 2 5 9w, gebd oA EEe) O B wahel
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A F el GrE FHAG B AolziE AN

<E 1-8> U FAHXNZFE ALE FZ(%)

3 pulses 6 pulses
100torr, 10min 17.6908 7.2778
100torr, 20min 13.2552 15.7829
200torr, 10min 11.7526 5.8337
200torr, 20min 11.2477 12.4634

ghaloo| EAXZFE] A LHsh ol 5 (%) BHE|Ho| R RtRRE] ALK i (%)
20 20
15 15 ]
* *
1 10 | H 10 |
3 B0
5F 5 { ]
0 . " - 0 L .
100torr, ~ 100torr,20min 200torr,10min 200torr,20min 100torr, ~ 100torr,20min 200torr,10min  200torr,20min
10min 10min
pulse 3 pulse 6

<32 1-13> Pulse 30l we 2t Zzdof Mol A Ltgfoll ofsh v A (%)

Pulse 3570l w2 AFE3 AdoA pulse 3571 39 o] BHAoE ¢ =2 GEE HloH,
E3] pulse 3¢ W @& = A (100torr) &2 AJ7H10min) &<t AFekzl & H9-7} A} 713
=9k} Pulse 3571 69 W& 100torroll A 208 FoF A g3leh AJze] w7} 7P =3t} o]

S ZRH pulse 347 A& wle &2 AZHseH @3S slal, pulse 357 BE W 1 35U A



=aX1+ bX2 + cX3

= AX1+ BX2+ CX3

o714 Y1, Yo ARET} 247k X1, X2, X3% AFE, pulsed, A 7S on|sit},
Linear programing®] constrainti= Hr3= 23

Aakatgict. Adshe BhE7 2 Belas

Y AFZFY
o] SAS(version 8.2)% 21 ste]
7b &olE7] "ol

CEEREE CEE 4702 A3}

= bending force

Yl — Boundary

Y2 — Minimize !

, SRAIRE B A Al A
F7190 pulseE HA AT the 212 pulse W 2 -AFE(X1), pulser(X2), FHARE
(X3)—oll Wk AF&(Y)3 227HY2) S 247 3lAEM e Aol

Y1 =2.018 x107°X1 + 0.000134X2 — 0.0021X3

R’=0.92
Y2 =7.6607X1 —161.3X2 + 36.6071X3 R*=0.89
71 BN ARETDE 957 17~2.39 @ gh& constraint® 273ked, 5 —0.0282
< Y1 <-0.00039] 2714 Y25 HAsheh Ak o 2ot
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= u, ONOFF A0l 5% 4Asth 2% #AE 23929 7153 AgaAg 2

A3, A2 A QTS WEE A3, AFAVE W8 E JIES AEA ]S et

mlm

ABE 28L& AFANE 28 Selwo]= WHE A0} 15 %k
ATE A F A7 801 A3 S0z aE ReE g Fo| Ao ol
A7) gol o] wEo} SpRe) RS ras @49 WA a9t

3. 4YAE ATTHPINL 2 A%
kA FE A 2 A
D) 234 R A

HYAE AFFAPANE 0F 1087) FRE AN AAE 2Ee et prk

COOLING UNIT
BRINE SERVICE TAN EWT JE%
S
LEVEL S/W TEMP™ CONTRALLER || AT EXCHANCER ﬂ
HEATING UNIT j i DRAN
= SIGHT GLASS OUTLET
1 e —
= —p— WATER INLET
T L wATERING
(R PUMP Vi
VACUUM CONTROLLER Fovacu puye

I OVER FLOV
VACUUM CONTROL VALVE

SEPARATOR

SYSTEM

- BRINE TEMP CONTROL

- VACUUM CONTROLISTEP CONTROLI

- TIME CONTROL

- VAC /VENT REPEAT CONTROL SYSTEM

(R PUMP
% DRAIN - BRINE AUTO LEVELING
: i - BRINE RECYCLING SYSTEM
Bl.CRY‘S BERANZHIN10EIZ)
|
SYSTEM DWG.
e BORYCB O, LTD

<O 2-1> A4 2o MSeETR e AL



T8 AY

o A4 A7|(7}E 1.5m, AlZ 5m, %°] 1.3m) e dAZ A7|(7IE 1m, AIE 1m, =°] 1m)

A4 Z V(7R 1m, AE 1m, =°] 1m) o AFHI(HE max. 35 torr, HP 3)
¢ FEZA(EY 0|5 MB on/off Ao]) ¢ 25 %4 (max. 100C)

AAEES weR ARst 58 Fste] o799l (F)utel e Aeto] e oA 2AEQle

AR 7IAE AFeklaL, Amsh FEE5E v 19 2

<E 2-1> M4 7oo NFHAA AN HEY $ESS

0.

= B T 4 @ | T o 7t 7 9 H] i
AFz-4LWH | solenoid 1/2° ea 1 400,000
g w F 7] | sts set 1 500,000
< 3% FH = |20 Ipm ea 2 500,000 | 1,000,000
A A W B sts1/2"-1" ea 6 100,000 600,000
F % =2 H | sts1/2"-1" ea 6 50,000 300,000
¥ ¥ F |sts lot 1 300,000
B2 A | atmaflex lot 1 100,000
g wf  f |100cs liters | 40 5,000 200,000
3 o | R22 kg 15 5,000 750,000
% x4 A |PD ea 1 400,000
7] = Al | 6point ea 1 1,200,000
A Fz A A | digital ea 1 2,056,000
A & F lot 1 1,000,000
9 x4 A | A58 ea 1 (200,000)
3 " = | sts304#3t,380L | set 1| (4,000,000) | (4,000,000)
o9 ¢ ¥ 3| sts304#3t,470L | set 1 (5,000,000) | (5,000,000)
oW F® A | sts304,100L ea 1 (500,000) |  (500,000)
z g e set 1 (300,000) |  (300,000)
37zt U E |1 set 1| (3,000,000) | (3,000,000)
FE Y E | 2kw set 1 (1,000,000) | (1,000,000)
A3 A A" | FEAmp set 1 2,500,000 | 2,500,000
A oA W B sts1/2"-1" ea 10 100,000 | 1,000,000
g Al ()7198E
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Al &/

<O 2-3> HSEEA Holg & 2 Mol =232 screen

Ad T2 codets T} 2

Const MB_YESNO = 4

Const Mb_ICONEXCLAMATION = 48
Const IDYES = 6

Const MB_ICONQUESTION = 32

Private sp, tempp(10) As String

Private timm(10), xxx(10) As Single

Private stcks, aa, bb As String

Private cks As Single

Private PauseTime, start, vacuumstart As Single

Private tim(2000), tem(2000), ttem, sme(2000), ssme, ttt As Single
Private n, aaa, crit As Integer

Private DD1, DD2 As String

Private Commstr, Commstr1, Commstr2 As String

Private MyPos11, MyPos12 As Integer

Private Mypos25, Mypos26, Mypos27, Mypos28 As Integer

Private Valuel, value?2 As Single

Private ch1, ch2, ch3, ch4 As Single

Private crit_1, spp, tempo, interval As Single

Private Sub cmdStart_Click()

Msg = "2 HES FE2MSLINY"
Style = vbYesNo + MB_ICONQUESTION + vbDefaultButton2 ' Define buttons.
Title = "CHEtHl A & 2tg =l



Response = MsgBox(Msg, Style, Title)
If Response = vbYes Then

GoTo 1111
End If
GoTo 2222
1111 ttem =0
ssme = 0
nnn =0
crit_1 =2

interval = xxx(1) / aaa

sp = "7.6E+02"
setpoint
spp = 0"

vacuumstart = Timer
Forn =1 To 2000 ' J2HZ, EI0IE IOIE =& 34 (2D H)

DoEvents
'0I0IE #=& subroutine
acquisition

tim(n) = Timer - vacuumstart
tem(n) = ttem
sme(n) = ssme

PauseTime = 0.5 'OI0IE =& 22 ' & 942 Indicator 2| Data =& AlIZH0
start = Timer

Do While Timer < start + PauseTime

DoEvents

Loop

1=,

tempo = tem(n) - interval * nnn
If crit_1 =1 Then GoTo 3333

If interval * nnn <= tem(n) And tem(n) > interval * (nnn + 1) Then
crit_1 =1
If tempo < interval — 60 Then
sp = tempp(1)
e

sp = "7.66+02"
End If
'Set point &&: SP1
If spp <> sp Then setpoint

Els

Spp = 8p
Else
nnn = nnn + 1
crit_.1 =2
End If
3333
Table
Graph
Next n

2222 End Sub
Private Sub setpoint()
2t spol HER(OM): "1.4E+01"

al = Mid(sp, 1, 1)
a2 = Mid(sp, 2, 1)
a3 = Mid(sp, 3, 1)
a4 = Mid(sp, 4, 1)
ab = Mid(sp, 5, 1)
a6 = Mid(sp, 6, 1)
a7 = Mid(sp, 7, 1)
cks = 2 + Asc("0") + Asc('0") + Asc("1") + Asc('0") + Asc(al) + Asc(a2) + Asc(a3) + Asc(a4) + Asc(ab) +



Asc(ab) + Asc(a7) + 3
A &_0| XISt
bb = Right(stcks, 4)
O|ZISt_AIZIGE '0IZH L2 MASE 16842 B8 Al Hex$(ARI%) - 01842 ZIHE stringE &
aa = Chr(2) + "0010" + sp + Chr(3) + )

MSComm1.Output = aa

End Sub
Public Sub acquisition()

PauseTime = 0.5 'OI0IEf =& 22 ' & 99 Indicator & Data =& AI2H0l 1=¢.
start = Timer

Do While Timer < start + PauseTime

DoEvents

Loop

ored [loIE 2220
cks = 2 + Asc("0") + Asc("0") + Asc("0") + Asc("0") + 3
A &_0| XISt

bb = Right(stcks, 4)
OIXISt_AIZKISH 01N L2 &R
aa = Chr(2) + "0000" + C +

M2 BB Al Hex$(MES) - 01842 2= stings &

MSComm1.Output = aa

'ete [IolE 9|
Commstrt = MSComm1.Input
MyPos11 = InStr(1, Commstr1, "OK", 1) ' string /Xl
MyPos12 = MyPos11 + 2
DD1 = Mid(Commstr1, MyPos12, 7)
ttem = Val(DD1)

"2 CIolE 20l
Commstr2 = MSComm2.Input
Mypos25 = InStr(1, Commstr2, ",", 1) ' string <X
Mypos26 = Mypos25 + 1
Mypos27 = Mypos25 + 4
Mypos28 = Mypos25 + 12

DD2 = Mid(Commstr2, Mypos26, 1) + " " + Mid(Commstr2, Mypos27, 6) '+ " " + Mid(Commstr2, Mypos28,

ssme = Val(DD2)
End Sub
Public Sub Table()
grdtable.Row = n
" SHS OB A

grdtable.Col = 0
grdtable.Text = Format(tim(n) / 60, "###40.00")

M) =

ro

Ch

HHS 0, GHS 190 L (torr)S S
grdtable.Col = 1
grdtable.Text = tem(n)

'S 280 AH(g)E EHEICH

grdtable.Col = 2
grdtable.Text = sme(n)

grdtable.Col = 3
grdtable.Text = Commstri

grdtable.Col = 4
grdtable.Text = Commstr2

End Sub

Public Sub Graph()

Graph2.ThisSet = 1
Graph2.ThisPoint = n



Graph2.XPosData = tim(n) / 60
Graph2.GraphData = tem(n)

Graph2.ThisSet = 2
Graph2.ThisPoint = n
Graph2.XPosData = tim(n) / 60
Graph2.GraphData = sme(n)

Graph2.GraphType = 9
Graph2.DrawMode = 3

DoEvents

End Sub

Private Sub Command14_Click() ' &&X €& &
grdtable1.Row = Text17
" RS 0B SHAHE list
grdtable1.Col = 0
grdtablel.Text = Text17
aaa = Text17
"HHS n, EEHS 10| A2 list
grdtable1.Col = 1
grdtablel.Text = Text16
timm(1) = Text16 ' AIZHE)
'EHS 2H0 22 list
grdtable1.Col = 2

grdtablel.Text = Text15
tempp(1) = Text15 'string Bz

End Sub

Private Sub Command21_Click() ' &&X €& &

g

timm(1) =
tempp(1) =
aaa = 0

grdtable1.Clear

grdtable1.Row = 0 'SITHS S 0HOZ SiC
grdtable1.Col = 0 '@i#iS 0,ZHs QR HAE
grdtablel.Text = "EA "

grdtable1.Col = 1 '8iBiS 0,285 1B( HAE
grdtablel . Text = "Al 2HE)"

grdtable1.Col = 2 '8 ol IAE

grdtablel.Text = "&
End Sub
Private Sub Command13_Click() ' &1l ¢ 22
xxx(1) = timm(1) *» 60 '22 =& &t
End Sub
Private Sub cmdSteady_Click() 'table

grdtable.Visible = True
Graph2.Visible = False

End Sub
Private Sub cmdAutoStart_Click() 'graph

grdtable.Visible = False
Graph?.Visible = True
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E

nd Sub

Private Sub &l &I_0|&IStEH()

7

stcks =
For i =11 To 0 Step -1
If cks >=2 ™ i Then
cks =cks =2 " i

stcks = stcks + "1"
GoTo 7

End If

If cks < 2 ™ i Then stcks = stcks + "0"

Next

End Sub

Private Sub 0| ZISt_

YTBH)

End Sub

Private Sub Form_Load()

MSComm1.PortOpen = True  'S4l, HIOIEH & &
MSComm1.InBufferCount = 0

MSComm2.PortOpen = True  'USB, CIOIEt =&
MSComma2.InBufferCount = 0

grdtable.Visible = True

Graph?.Visible = False

Width = Screen.Width » 1 ' &2 UHIE AF&ILIC
Height = Screen.Height * 1 ' 32 =0/& &8%&
Left = (Screen.Width — Width) / 2 ' B2 JI2
Top = (Screen.Height - Height) / 2 ' B2 22
Show

‘Hlole

grdtable.Row = 0 '&TH2 BS OHO=Z SHCH
grdtable.Col = 0 '#B1S 0,285 OBi( EHAEZS
grdtable.Text = " Al 2H&)"

grdtable.Col = 1 '&1B15 0,285 10| EAES
grdtable.Text = " & (torr)"

grdtable.Col = 2 '#HS 0, 2HS 280 HAEES
grdtable.Text = " 2 H(g)"

setColWidth

setRowHeight

grdtablel.Row = 0 'SITHS &S 0HOZ SHC
grdtablel.Col = 0 '&8iHs 0,Z28S OB HAEES
grdtablel.Text = "‘_é* "

grdtable1.Col = 1 '8S 0,285 1B HAES
grdtablel.Text = "Al 2HZ)"

grdtable1.Col = 2 'S O,I%‘t'._*fz U0 HAES

grdtablet.Text = " (torr)"

=
o

r

=
Graph2.NumPoints = 2000
Graph2.NumSets = 2

Graph2.ThisSet = 1
Graph2.SymbolData = 7

3) +(ch2x2"2) +

(ch3 * 2) + ch4
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Graph2.ColorData = 14

Graph2.ThisSet = 2
Graph2.SymbolData = 9
Graph2.ColorData = 15

' Graph2.LlegendText = "2’
' Graph2.LegendText = "S2H/"
Graph2.Autolnc = 0

DoEvents
End Sub
Public Sub setRowHeight()

grdtable.RowHeight(0) = 300
grdtable1.RowHeight(0) = 300

End Sub
Public Sub setColWidth()

Dim Counter
grdtable.ColWidth(0) = 900
grdtable.ColWidth(0) = 900
For Counter = 1 To 2
grdtable.ColWidth(Counter) = 1000
\ grdtable1.ColWidth(Counter) = 1000
ext

End Sub
Private Sub cmdAutoEnd_Click()

Msg = "XIZ2NXIQ dataE MESHAIZASLIDH"

Style = vbYesNo + MB_ICONQUESTION + vbDefaultButton2 ' Define buttons.
Title = "XIS X & 2ol

Response = MsgBox(Msg, Style, Title)

If Response = vbYes Then

' CancelErrorg TrueE &XELICH
CommonDialog1.CancelError = True
On Error GoTo ErrHandler
" EiE EANELICH
CommonDialog1.Flags = cdlOFNHideReadOnly
! u.IHE /\-lxio L| }
CommonD|ang1 Filter = "All Files (*.%)|*.x|Text Files" & _
"(%.txt) | *.txt|Batch Files (x.bat)|.bat"
' JIE2 Z2HE XIFELIC
CommonDialog1.Filterindex = 2
" HE S AKE HEAIELICH
CommonDialog1.ShowSave
" HEE T 0182 EAIELICH
SaveFile (CommonDialog1.FileName)

End If

ErrHandIer

' HA HEE sRsULL
End Sub
Sub SaveFile(FullPathName As String)
Dim f, K, FileChanged As Integer

On Error GoTo SaveError
If FullPathName = "" Then

MsgBox "StLS M&GHs SO Mot LAUASLICE ChAl St AISaH FAAIR.", 48#
End If
f = FreeFile

Open FullPathName For Output As #f



Print #f, "AIZHE)", " (torr)", "2H(g)"
For K =1 To 2000
Print #f, Format(tim(K) / 60, "####0.00"), tem(K), sme(K)
Next
Close #f
FileChanged = False
Exit Sub

SaveError:
MsgBox "0l LICt. CHAISHH", 48
Exit Sub
End Sub

Private Sub cmdEnd_Click()

Dim Message As String
Dim Dialogtype As Integer
Dim Title As String
Dim Response As Integer
Message = "MSEE NSHO Z2I4S SIELINMY"
Dialogtype = MB_YESNO + MB_ICONQUESTION
Title = "MSEE ANSHH Z2)&"
Response = MsgBox(Message, Dialogtype, Title)
If Response = IDYES Then
Fori=1To aaa
timm(i) = 0
temppl(i) =
Next
aaa = 0

grdtablel.Clear

MSComm1.PortOpen = False  'OI0IEt =& Z2EZ
MSComm2.PortOpen = False '0IOIEt & Z2ES

End
End If
End Sub
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=z set 1 100,000
| Eaty | sts304 ea 1 400,000
37z fFyE 30hp set 1 3,500,000
714 FYE 0.1ton set 1 2,300,000
AFA 28 15hp set 1 500,000
Aedx4E Wy solenoid 1/2" ea 1 40,000
RERTA 7] sts set 1 2,300,000
&5k 200 lpm ea 1 350,000
A sts1"—2" ea 10 20,000 200,000
TFEE Wy sts1"—2" ea 10 7,000 70,000
Y5 sts lot 1 100,000
HeA atmaflex lot 1 150,000
Al 100cs liters | 400 500 200,000
3 o R22 kg 150 500 75,000
LEZA PID ea 1 40,000
AgzZHEA digital ea 1 260,000
A lot 1 300,000
B A582] ea 1 20,000
CEAA PT100 ea 2 2,500 5,000
213 AlA pirani ea 1 20,000
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HAEE MorhHoll 9t} AU 48 & BE AISE A7 (S A7], FM-681)¢l] ZolA
o] 4] (No.2) = ofFtsto] L Folls ARSIt F9 Iml mess flaskel]l ol S7-= B-&skaL
10ml& #3ske] KoCrOy &9 1mls AA2F2 2 7}stal 0.IN AgNOs& A7g3ste] thg 2ol oJsto] 8
Abstoict.

10 100
= A AR * * * * fact
(%) = #742*0.00585* — Tagae factor

93-S DNS(3,5—Dinitrosalicylic acid)® ©Z ShimadzuAl UV 12018 Alg3te] E3Frfo=n
=359tk 24 NE 10gS Hste] 27 40mlZ 9500rpmol Al 187 #A3AZ) T filter paper
No.2Z w2t AR5 Zefr fooz ARSaitt. Ao 1mlZ}k DNS AJoF 3ml< test tubeollq &3
ato] 5 &t FEANA THEE & 2ol BRI WhE NS ImlE Foke] A38] 3%

% 550nmol A SFEE SA] glucose Fe=Aol wet e =S AA S
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ABE 25 100ml WAaZetaddd $A4 5% wHeplikgdog 23 1
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92 w3t} 1 % fliter paper No.22 XS o #3131 0.45/me] syringe filetr&

) HPLC #4]
HPLC+ Waters 600 controller, 600 pump, 717 plus autosampler®} 486 Turnable
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