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Analytical devices such as syringe pump, electric burette, fraction collector, and
electric valve have been controlled by the program written with Microsoft® Excel®
Visual Basic for Applications (VBA) to automate the analytical pre-treatment procedure
of radioactive sample measurement. It was confirmed that the program written by VBA
could control each device by preparing cables and adjusting parameters. Therefore,
automatic conditioning and separation systems were made by combining each device and
sequentially controlling them with the program. The automatic conditioning system can
repeatedly perform conditioning operation like adding nitric acid onto the maximum of
8 columns. The automation separation system can separate and recover strontium (Sr)
in simulated highly active liquid waste (SHAW) by using Eichrom Technologies Sr resin.
The Sr concentration in recovered sample solution agreed well with the value obtained
by manual separation procedure and prepared Sr concentration in SHAW. It is found
that the developed automation method, using commercially available Microsoft® Excel®,
is effective to reduce labor work, operator’s radiation exposure, and to prevent

operational error of analysis, together with reducing the cost of automation.

Keywords: Automation, Radioactive Sample, Excel®, Visual Basic for Applications,

Analysis

This report contains the work results performed by the undergraduate student practical
training between Japan Atomic Energy Agency and Nagaoka University of Technology.
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1. ICHIZ

R LR S % (TRP: Tokai Reprocessing Plant) Tl FAFE TR CTRA L=V 7 2 (U),
TNk =0 AP E G TEE 0 R AR (FP: Fission Product) % & E¢ & HU M BE IR
(HAW: Highly Active Liquid Waste), #Higkn> D34 U 7oA 14 BER S O kK # 7 it
REL DG 2T > T D, TS B ERURHZ, (EEFE O/MNBHIE < . WEBIE < 2B 1R
LDl Fa—T7 Ry 7 A R VEOBRMN T > TR, SHrEEICITE L7
E¥B %2 V¥ L35, TRP IZBEITEEHFREIO BRI Z/E T L TWAHA D ik OHERTE
BROT= 8, K 6000 D SHTIKFEN AL TH Y | 5% TESIVTV DA BE (L
BIZBW TR, SHIZEL ORIKBENEET DA RN H D, 207D, RO AE
JROH AR A Y 72 <ABRT 272 012IE, TR 2 B EO HEMKIZEHEE TH 5,

SATEEO BEMKIZ, 1EERROm b EEBDEANEIC L 2 0EEOD, B a—~
YT —ORIEFEDA Y v b RH Y | e RSB TRAELNTND 2.9, Fo, S ERE
DI N T= > TE, EEE~OPIXAZBO A Y v FbdHDH, TRP ThilEIL, P
¥HoEEZEE 2Ry b2 AW U, EREA A RE ST O 72D OWOEEERIE O H #)
b9, BEIREE ST D 7= D OEN R E D BENME 5, Pu ORI IRE & 0 72 DR
HIEOBBEMTONTEL 0.7, L, ZhbiTWnTFbifid A —0 =2~ v 7
TALEDTUAT LAEZHEYELTEY . 2 A MIEL NTOBEE, BEEE/ROT ST
L a—HP—RNRETE RN E VWS TEER D - T2,

ARWFIETIE, 2D XKD 2iREZEH £ 2. Microsoft® #1:%! Excel® Visual Basic for
Applications (VBA)*ZH\\\ =71 7 MMz X2 BEMbEZMET Lz, VBA &%, Excel®(Z
BENDIEREAER T 2720DFIETHY, vl T L%5EKT 22 & TUHEO B E)
{B&EATH ZENTE D9, BIfE, Excel®iI% < @2 v =— 4 —(PC: Personal Computer)
WA VARV ENTWLIAY 7 FTHY, VBA IO T 0 7T I 753X & K
PR SETH D72, 22— —THEHHIIT 077 LOIEN-TREEZITO Z LN TE D,
IHIZ, TSR TV oD% %, AMHIEHO> ) 7 VviEfEil+Th b
RS232C EMFBE N TV D, I T, ThbOBHREFEFEMEASDE T, v 7VsE
FETBRINTHIET 5 2 & T, BRx 2o EEO BEMES ATREE B2 1o, THLOZHE 2,
VBA &I ER & LB OB T U PERE T D 72 @ ORI 5O BE kA B &
LT, BAREIT-T

% [Windows®], [Excel®] %, >k[E Microsoft Corporation 0, PFHE F 7= 128 FkpHiE C
b5,
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2. BEbOXIE

TRP M4, U, Pu, FP Th o 7 L-137, A b a2 F 7 A(Sr)-90 25D Byki
B, BREAR TH L8, 7 u b, =y FNVELIEICDIe > TEBY | xR iiEN
BRI TWDL, 2o T REEME &5 H715(TIMS: Thermal Ionization Mass
Spectrometry)|Z & % Pu O RINARSATIE, FFHEE B - PREHTE OBLED b i b BE R T O
— DO Th b, Figure 1 (2%, TIMS (2L % Pu OGHTHTLEE A ¥ — LE/RT, ZDOHET
X, R T S U BSREERE LTHET 720, BRI AZ A7z o BEnstT b
THY, B, AR Pu O, BRSO =a T4 va=70 BT NS
HiE. BN - PR, EEOWTEEER 7 0 7 A v b~ OB OB O BT E A %
T Pulifik 2 IET D, ZD7, A EREZ TRICHE L TE 25613, /EEED
KRG ZRARIRE DR E 2B R MR T& 5,

% ZC, AWFETIL TIMS 12 & % Pu RZAGHT O ORPLEEEL SR L L, &6
YEIMTRTL B E D25 . TRP (281 508 The b BE O @ WAL ETH 5 TH
RO a7 ¢ a = 78E & T T A 00ERME) O BB Z R T, RfEE T
%, FERERRER & LT3 L7 PC & mArikasft]l O (s HIEOMENL, VBA I K A1~ v 7
T LOVERR &g ORIE, 7o b2 AT L LTHRIELIZABI Y T 4 v a = JHEE
& HEVBEEE A Vs o — L RERBRICR T A BB O 207 v a = FHE,
5t U M BE IR (SHAW: Simulated HAW)H @ Sr D438 - [BIUZ DWW Tk R b,
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3.1 &
(1 PC
LERE- 7 e 77 2 7 HO PCIZiE, Sony # VAIO VGN-G3AAPS (OS: Windows®

XP) &M L7z, A& PC 2% RS232C i - B STV o 772, RS232C fi £+
XD —T7NEDOPERIZIZUSB v ) TOVER r —T NV EEH L il 7 e 7 F AL
Microsoft® ft# Excel® 2007 @ VBA A ffi ] U CTIERK L 7=, FEMEMARD VBA Tik, &
U7 Vil E HOBER A > T e | SCERIZHEV Y EasyComm® & FEE4L S VBA HE
Va—VEMBANIZDS T 7T AEfERR LTz, 723, Windows® XP (X, 2014 4
IZ Microsoft® #6D0H R —=EBETLTWATED, PClIIxry NU—ZICEHGEE I
R L, £, KAHREENTR LY 7277 A%, Windows® 10, Excel®2013 T fii
HAETH D Z L AR L TV 5,

(2) B
RELOEIL, 77 7 LA~OBINMZIE YMC # YSP-202 &V o UR T2 Lz, 225,
U Pzl HSW # Norm-Ject® 4050.X00V0 77 A F > 77  AR—H T LV
CEMHALEZ, £z, REFEOUINITIE Metrohm H 665 Dosimat EBEiE = L v MV
VUKE 20 mL), BT LANLDET T v a »OEIICIE Bio-Rad Laboratories
Model2110 7 Z 7 v a v alb s 2=zl Lic, 7 7 7 ¥ a > ORIARERE 213, Bio-
Rad Laboratories 7 V) 7R U AF L > F 2 —7(FME 13 mm X & S 100 mm, A 9
mL)ZFEH L2, 7T A~ 2R RFEE W) v £ 21213 FLOM # VA11-108 FE#h /1
712 )M Uiz, Bl L7, 2Ok D PC LR L THIET 2 Z &3 T
XMool vf 7 uarva—4—7Thsd Km2Net ! USB-I02.0(AKI) %41 L C

fFH L7,

3) ®BEIr—7n
PC L2V v UR 7 OERICIZ, YMC # YSP-PC-001 #f¢7 — 7 V& L=, PC
CEENE 2 Ly FOBERH S — 7 VIR, B E T RS232C i f-(D-sub 9 B L),
DIN ﬁ#é%(S EU)ERITCAHEL.PC L7 T 7 v arvalb s ¥ —OkHr—7 1%,
i lZ RS232C Hiif-(D-sub 9 B )& &I CHIE LTz, BEVNLT, v/ /7 marta—
Z—, PCIIZ¥ ¥ /=T A ¥—FkA E#pgH# BBJ-65), USB 7 — 7 /L% HVCTHef
L7,
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3.2 RIE, KU
(1) #HE
ki, 7 RN T v 7 JEESRL RFD240NA 78 82 /k Rl 3k @ ¢ 2K % . MERCK
MILLIPORE % A10 #B#fi Ak Sl i@ CALEE L= b O & L7z, WEERIE. Fooemisk T3
B RRGRIRA ., BBy 5R:60~61%) % Mk TAIR L CHARNBEIR L IZFHE L7z, Sr 1E%E
VL, FRoetisk T 268 Sr YL (i EE T 1000 ppm) & FEE CH I AR L TRl L7z,

(20 SHAW
SHAW 3. VBB D D O &S B PEBE IR O e B 2 3 5720, KD
HERE L B ZRIE L. Table 1 IZ/RTHRE D L ICHBIL 7= D& L7,

(3) MEHEfHIA
[ A A2 1X . 1-octanol FIZFAEL L 7= 4,4°(5)-di-t-butylcyclohexano 18-crown-
6(crown ether)% > U 7 _X— 2 OHKFKE LIZER X 72 Eichrom Technologies # Sr
LU (R 100-150 pm) &6 L7z, “ha KU oF L oMK Y 7 Ly 7e% 5 4 (Bio-
Rad Laboratories)lZ 1 mL B L Ca 7 4 v a = 7H#E. B 7 LA 0BHREICER L
7o

3.3 #fE
1) avFava=rT#E
AT 4 v a = T EEX, Figure 2 [ RTAF —AIE->CEM L7, Sr Ly vz
FH LT T 2EN T LB EYy FLTZObL, 3mol/L g% 8 mL s, #i&E (10 43) D
BEZ SEITOMVIRLTar Ty va=rF Lz, 2B, YikiiEld, EEBICESF
BEL SUE L BB o T 0 va = B A AW HEIRIEIC L > TIT- 72,

(2) SyBEERE

AR A & UCREA L7z Sr LY id, 3 mol/L g% O @i FE BRI 7 C Sr 12
e ORI - B ME A R L, 0.01 mol/L RS DA IHFATR K C Sr ARt C& 5, £ 2 C,
SHAW 7~ Sr D43 #f- [N, Figure 3 (IR AF—AIZHE-> THE L7z, 3 mol/L fiH
fi£C 1000 f5ICAR L7z SHAW % 1 mL B L7=DOBH I 7 A~EM L, Sr % FEF Al
\ZE ST, 0%, 3mol/L iz 1 mL % 10 [t L CAH 7 A& PEF L, SHAW HiZ
HAFT 2D Sr A DIeHR 2 BrE LTz, YEF#4. 0.01 mol/L 2 1 mL % 10 [FljE L T Sr &
7T L OEHE LT, WEERIL, A AR T T 22\, 1 mol/L fifE2 T 50 mL (2
ER LTz, 7ok, B, FERIC L 2 FERE L B UE L2 B i BEEE 2 - B
BB L - TiTo 72,
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3 SroEE

AR A 2> S Y L7230 o Sr 21X, ICP-OES(Perkin Elmer # Avio 200) %
AWCTEE L, MERIX., 0.8 mol/L g~ 7 > 7 . 0.8 mol/L fi§fik CHH%& L 7= Sr fZ=#E
AR 10 pg/L, 50 pg/L, 100 pg/L & W TER L7z, Sr OREWK FITIE, 407.771 nm
A L7z, ICP-OES %, 77 X~ #H Ak 10 L/min, #iB) 7 AJifk 0.2 L/min, 7
T A Y —H A 0.60 L/min, RF 7] 1400 W O L7-,
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4. RS ORI

ARETIE, HEarT o va=r 7 B ABNBEEE 2B UET 2720, av T v a=
Y7L T T DAY HERRED A % — KA RN U CHNERIE A SR | Y EARIEA ATRE 22 LA A3 T
PR IRIE LT, D%, Hisn & PC ORBRZHE L. WEL R DB —7 V2 A1EL
oo SHIT, BIEICHMBERNRTA—ZEZFE LN L, VBA TFr VT AE{ER L, PC H
OEMER ORI 2R 72, LT, ZORRZ =T,

4.1 HIBOEE

BT LHERFO 3T 4 v a =2 ZEE. SHAW H0 Sr D558 - I EES Figure 2.
SITRT, ZNDH AT 5 & FEARMZR BN EE L LT, OB, @FIEDIRM,
@777 v a o, QRGO Bz OIE¥ENZET bz, 2L bO~ODHEAE
WAREZ IR & LCIE, B4 e b OB D08, Z Z CTlRERM M o S TV B ILH
oriThER. TRP Oy Hrfiak CREIC6EH ST 2 8k8s. SMBHIENH © RS232C b %2
L PCIZLVHIFEARE7e b D&M E L TEREEIT 72, T ORER, Figure 4 \Z/RT L9
2 OBt OBBUCIZY U v OR T @QRFHORINITEH 2Ly M @777 v 3
YOEMUSIET Z 7 varab s 2 — @FRIERIEEOG) 0 B2 \IXEEV VT AT
HZ LTz, YU IR TIE, BT ) DIk o TS UEEZE T 5 4%
WTHY ., REHRK ORI E T DN E~OWFMEITH 2N TE D, B =Ly NI, F
DEARBICRE LRI L V) U lTlBIth,. —E8E2 7 7 A b~k LRy
HZENTEZD, £, 777 aryal s Z—TE, A7 LHO08N0T7 773 VE
Wa 1T o, I~ E&TORRE~EIT 52 LR TE 5, &5, BE/ LT LB
Ealy MDA T AT 2RIEEEZVBEZ 5 LN TE D,

42 Y T7NVIERE

VI UURT BRI 2Ly b, 7T varal s Z—L PCOBEICIE. YU TV
WEEZFIHA Lz, BBV T E PCOBETIE, vfM7rarta—F—4% T (T
WEZFM Lz, ¥ 7 VdE T, PC & BHEERORIER E4 1 I 1 bit 37D FKHIIC
TR ERET D, AL THEM L7 PC I RS232C i D &> 7 A L%, Table 2 27K
T Th D, KL PC OT — X i%%Z/5121%,. PC Il RS232C i - 2 % £ (RxD),
3BEL U (TxD)Z AR CHRE SN BT 20 ERH L, £, T 2888 X
> TlL, 4% (DTR), 5%FE > (GND), 6 FE > (DSR), 7%‘.§I:°‘/(RTS) 8 & L (CTS)
ERAWEEFOSLY R MUERGELH D, —F, AT UVEBETIE, IBEShizE i
'ONJ. TOFF] L7255 % 2 #EEATHET 2, uM®43m~46%fj:PCk%w
OB, BERE., HEOZOI/ER L7 VBAILL D70 7T AERT,
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4.3 VY UVRYFOHEIH
(1) PC & D

AFFETHA LYY VPR TOEHICITE Y 2—TF—V Yy v 7 R3H Y, Zht PC 1l
RS232C dii -7 YMC # YSP-PC-001 #&ftr — 7 /L CHefgi LTz, 7eds. 7 — 7 VEL#E % il
L 7AERIE, Figure 5 (O30 Thoto, Bk, YU YRS TIERDT 4 AT L
TIE, AMERHIEE — R a2 R AR OGR SR E RS, PC ERER S BT 52 &N
T&T,

(2) BER

U 7OViEE T, PC I RS232C Ui - COM AR — b, WBEHFETHDLT U IZ, A—
L— hNGEREHE), XU T 4, T—XEy M, Ay 7y ML A4 L7 7 M, 2
YRV AV ERETHLENDD, £ T, PC LV VIRV TOERIZHT- > Tix
A IEH % Table 3 (2T L OICEREL, VBA T/ T AHICFEEA L, B, 2 ZITR
THEBREMIT, PCHI COM AR—h, 2V U PRV TIRIETHR UCEICRET 2 HERH -
77o 2O, PCHITIEL Windows®RD T /XA AR —T ¥y —NHLiEER— DT a T 4
P&, Table3 LRI UREMEEAN Lz, 72, YU IRV TARIETIR, BdlEiAEIC
o THRFNAEIZ LV REMBEE AT LT,

AW CHERA LI R 7 OR— L — ME, 300~19200 bps (Zxtis LTV 5, &
— L — MW EBERENAE 20 | FRICEEZITO 2N TE L, FlxiX, A—1
— R Z & bHE 19200 bps ICRET D &, 1bit U472 0K 52 us THEETDHZENTEX D,
LorL, 20 &9 p@EdudfE &k i, BERHANEWD, r—7 Lol REBEIC X -
TEET — 2P L CRERRE iﬁéﬁﬁb‘ﬁ%%z%ﬂfco IO, HEFIZHEFEEITD
728, R—L— NIRRE ATHEFE O R T & - 72 9600 bps 2R E L 7=,

3 HBEFusT L

ARFZE T L7z U o OR T O O =< > K4 Table 4 (2779, Table 4 O
95, RUN, STP, RESET (X, 2~ FZDOL DAL ) VIR T~KEETH Z & TIEH
T %72, DIA, RAT, VOL, DIR (I/XT A —F &ML FTHa~v RTHY, NTA—X
EEOHfLE A~ REZV Y VORI ~EETHZ LTSNS, £/, DIR ©
a< 2 R INF EEEETDHZETU Y CUNIEFATH LIEAREEZITV, WDR &
HIZEET LTI U ORFFMTH LRGN BIEEZITO, b, VY IR T ~D=
~ ¥ REEICHTZ > UL, RIEOASENVBEN DRy NT—F 7 RLAZMHR L, Ui%x >
NI—=277 RLRAZa~vy FICIMI L CEET IR ER S ST, £22T, VU UV IRITD
Xy T =277 RLAZMERLIAER, 7 RLRIX 10) Thoteled, Z0fEEa7T v s 7
LZFEHE LT,
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Figure 6 (2 10 mm O U > P2 0T, ik 20 pL/min, &8 100 pL ZJE5 I
AT 57077 273 (COM F— bESIT 1 &fUEL, ZOMOFREL Table 3 127
TiEY), YU URyTDawr Rk, ASCII 2— RELTHEEL, Fa~r RO%ER
13 500 ms DOFFERFH A3 T UBRZ P& 82 2 LT, PCOiMELTca~vy RV &
VR TICHEICRIFE S, BIFET 5 X5 ISR L,

R L7z v 7T b2 OV TEEEZRATRE R, LV PRy 7370 77 L@ Y I
B L. VBA CRIBZRHIEITE 5 2 EAbnol,

44 BEIE =Ly Mol

(1) PC & D

ARWFZE T L2EE e 2 Ly hOFmIZIZ, DIN 2327 208380 i shTniz, &
ol y hOBEGHE, 72X —IC X HEBRHEREIT > iR, DIN =% &%,
Figure 7 {2/~ 3l C PC k?ﬁﬁf“%é EWNbhotz, I T, TID OGN HE

725 £ OICER L, il RS232C S & DIN Wi 2% 7= 7 — 7 V2 ER LT, 728,
BEIE = Ly FORIENICH Tz > T, BEREEZHEEICHAT 5720, PC OEREAZIC

WHE 2Ly FODF /ﬁ%&ﬂ#éﬁ%ﬂ&;oho

2 BERE
BEIE 2 Ly bV Y TOVBEREIT. BEFHEIZHE Table 3 (Z/RTEICHHEE LT,

3 HETwTT A

EAL7-EEHE =Ly NOSBEIEH 2~ R% Table 5 1277, EFt =1y U
VUR T L RIBRIC \ﬂv/%%@%®%%%¢é ETHEET D LD L, T A—F BN
w3 Ha~vr RIS bbb, Table 5 ThiviZ, REM ON, REM OFF, G, S. F, DIR,
DOS iFRIETH Y . DM VUP, VDW, VLI (3#£%& T, EEITIINTA—F ThH LK
EORENNIEL IR D,

Figure 8 [CEHIE = Ly bOBET 0 77 b0flART, 207 v T aE BHE =
Ly M ESMBHIEE— R, DOS E— NIZBATSE720b, BEEHE Y v U~R5 | L7=D
H, S E28EEZITH) O TH D, WHIRFOWHIL 30 mL/min, M:HKRFOFHIT 40
mL/min, HHAEIT 256 mL IZRE L7z, AR THEM LZEBE 2 by F TRE AR
Fod#EPH L, vV PoREQ, 5, 10, 20, 50 mL)IC k> CTHERAR D720, RERTT U
VERBEHER L TBLERND D, 0B, MM o PoREIT, E#t =Ly MZ
THEFERRIN D70, KHDOBRIZTRET 537 A—FF TR, £, BBt =21y hD
g~ K TREM ONJ (Fa~y REEEH, —ERFRERE Lo &R IR S vz
7272, TREM ON| =< RiEEIZ 4000 ms OFFERFF 251 7=, £ ofhoa~ R
IZOWT HEMERZEND T80, B R ICHEFER] 500 ms 2581 5 & & bic, Wil ED =
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~ RThD [F] #E%IT. 60000 ms ORI 2 51T TARIKOW S [HERTERICK T
%, WOBIEICBITTED LI L,

INHORR, BBt oLy MIT R L@V ICEE L, VBA THIERHIETX 2
ZEnbhrol,

4.5 757 avalyF—ofH

(1) PC & D

AR L7757 aralr Z—odFmiaid,. RS232C w20 T 51T
Wie, 777 varalb s Z—0REHNHE. 7 AF 2 X DRBRIER 21T o T2k R
Figure 9 |Z/RJER T PC L CX A Z EbnoTz, £ T, I OERH AIHE
725 X 9 I RS232C 2R = — TN EER L=, ZOr—T LV EHWT, 757
varalyXx—L PCEERT D EMBHIBEIT—RIZBITL. 777 varal sz ¥—K
RSNV OEENTE 2L 72072,

(2) BERE

7T varalb X —0@ECHizo TiE, PC A5 100 ms LA ED SV AE B E52(F
THOMEND ST, ZDTD, WIVAEHFEMHEICEZFETELH L5118, YU TIVBEHRE
DHR—L—NMIVI VR ST EEHE 2Ly I IV 1200 bps IZRKE LT, £ Ol
D/NT A =21, U T VEE T I EH SN AEE LT, Table 3 IZ7-71# 0 IZRE
L7,

8) HBEFursT L

777 varab X2 —0EIEICIE, Bl L7 L 912 PC 225 100 ms BL ED /L RA{E 5
EEETHVNENRDH S, —J, VBAICE DYV Y TVEETIE, »OULRAREEZRELTTF—X
BEETHZEITTERY, 22T, ASCII =— FiZkba~wy REEHOTFT— 2 &4
252 LT, 100 ms Y LOWERMZMERLT, 777 v aralb s ¥ —0R{ELRA
77

AT 1 LFH720OFT — X 8T 1 Byte THY . 4T 8 bit (TN T D, 7T 7
varvalb A —0R—1L— E1200bps Th D72, PAET 15 LF(T — % &1 120
bit) & 245 AL, BERERITERR £ 100 ms 2 72%, ZHEBELERLEY T2 v =
valL sy Z—@EWES v 7' A% Figure 10 IOR7, 2B, 7075 AhCEET DMK
BrEiE To) &L, ZNZ ATEER L CTEET D2 L & Lz, Z4Ud To) 73 ASCII =2 —F
? 16 #EET T6f) [TAM L, 2 #ETix [01101111) 7%, 2 EHERD [0) 25
OFF., 1] #{55 ON &35 &, 101101111 % ON ORREN LA R < frx . Bl LA
ELTT7T77varalb 72— |l@#BSEs 2R TELOTIHRVWNEE X, Fi-,
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PCL7I /v varvalLrsZ—omE IMEaLEIELD, Tol & 47 {Hfe L Tk
59 % 2 & TR A% 300 ms (ZFHHE L7,

INLORR, 7I 7 varvar s —37a s 7 A@E0IC/EE L, VBA CRIEZ <
HTExDZENbhotz,

4.6 EE) LT ORI
(1) PC & D

AHFFECHEM LI EB)y L 71, EEO 1 J1(ON) XUTIEH I(OFF) DfE 5522545 2
ETEMET D LD THoTZ, ZDn, BEY LT OEMEIZIZ PC 205 5 o ON/OFF 15
S ERIFFICEETIRENRD -2, —J7. VBA TlX, FFFHCEEEOESXEE T 0 s T
LATHZEEFTERY, £FZT, vfM 73 a—H—% Figure 11 (kT X 912, PC
CEHBLTRICERE L, PC ZEELC~vA 7 nara—4—n5E4Eo ON/OFF
BEZXEET D & CTEB LT ORIE 2772,

A /marta—F—3, USBA v & —T7x—ZA&2HEH LA DEETHY  PC
bawy REEET L2 ETEEEO ON/OFF EEE2FICHITHZENTE D,
Figure 11 IZ7- T K912, v~/ Z7var Ba—%—0 J1ANZIE J1-0~J1-7 D 8 fi, J2
[21E J2-0~J2-3 D 4 HDO AT E U BRIT BN TS, FAH T E 13 ON OFFIZ 5V,
OFF OFFZ 0 V2IHIR[ & D X 5 ICFi#E L=, EE VLT &3 Figure 11 12783 BFR T,
A7 narta—4—=J1{lD J1-0~4, J1-7T DAL 2 EB) LTI H O RS232C
D 8%, 21, 9., 22, TH, 19F TN ENER LT, £, EEBAILT
EDIZIZTLED 74 M &%), 7'v 277 AFTRIZEDE 5 ON, OFF (272> T 5 h»
HEERNTEL LI L, B, v~/ Zunaryta—X—L PCik, USB 7 —7 /LT
Pt L7,

2 BERE
BENNALT I~V A/ 03 Ea— 2 —4% LTS FUBETHBE L2, LU T
WEHOWBERTIIVER T,

(3 HBTws T A
O BELVTOANVTNBOEESE

AWZE T LIEE SV 71X 12 523v 7 ThH Y . 2SIV T 0E T Nol~12 IZEET 5
ZENTE D, 2OV TNLREIZASA T U AN X 0 flfE S 4, Elh L7 KK O RS232C
YhFIE, MIHMRIECIE A CBEN OFF ORISR > THY, A 7 03y Ea— g —%
LOEETETOWMT % ON ORIBICERT 368N H D, TO%, A AT BELEET
BH41%, Table 6 (ZRTHT% OFF ISt % 2 LT, FED LT RBICET S5 =
EBTED, —HlE LT, NATEE No.3 ICEET 25413, #3170 RS232C 0

_10_



JAEA-Technology 2019-014

8%, 21 %, THEY V% OFF IZTAXENRNH D, 72k, EBHEIVL T RS232C D45
DOEENILLFIORTEY THh o7,

8. 21, 9, 22/ « NAFUVANZEY, NVTHEDRY Y a & E
THEEY o o v 0 oo NAFIUAINZEY A"V TNEEZFRRERY Y a JER
19FEE L « « o o o o CEEAHMIEDZ LT, AEBHIET— R~BAT

@ ~ArmavEa—F—ZL BB T ORIE

BEV VTR LT~ A 7 ma s a—2—0 JURAH b ~D 1 5 U AT
1123 ON, T0J 23 OFF {2 %, J1 D% T 5% 8 iR DT, KT — & &id 8bit &
7%, EMRICRUIZBIO LS IZ, BENSLVT OV TEE No.3 I[CEE T 570121
RS232C i - 8 FE L, 21 /YL, THEE U THER LT- J1-0, J1-1, J1-4 2 OFF, =il
4% ON OIRIEICFRIES DM D, Tk 1 F U TERY L [11101100] & 720 (Table
6, v A7 uALEa—d =0l OEEEE IV TITERFETH LT VLT LEE No.3
ICEETE D,

® FursIxa

BEL T USBEGIC LA~ A 70 ar Ba—2—%0 L CHIBEIT 20N H -7,
L2vL, VBA OREHE(ALTIE USB iR 10T — X 252 ETHZ LM TE R, 20
7o, T 7 APICESLARAL 0D v/ /naya—2—0RF—ID &7 n
Z7 NID 2 ANT5HZ & TUSBERICL HEEEZIT- T,
FPCrb~vAf7rarta—F—~O7 —ZEEIX16EEIETITO LERH T,
Bl Z1E, BBV LT OV TEE No.3 ICERT 55 A1, 2307 U [11101100] [ZHH4
325 10 EHTHD 1236) # AN L. VBA NT Hex BI%E MW T 16 ##HTH 5 [EC)
WCEB L CvAf 7 narta—X—ZkE L, &6, 7u 77 A% TAmount] & I
TN D ERGIE AT, 8bit TRILTE DRI 265 005 J1-0~T7 OV FHHITHY T
52D0FEEZENENGIK ZET, JIME L BZEHELT, XTIV ANERSHITTE
HEDICHE L, TNOEBRE LAV LER LIZEE LT OEET 0 7 F A k-1
(BB SV ORKIE T 1 7 Z A IZRT,

W05 AEHNT PCOLEEI AL T ZEEL, SV T(E% No.3 ~EH L=k
R, BEVOLT IR EBISND Z PR TE L, ZNHORRI Y. VBA TER
L= a /T AT, BBV TERIEITESZ ERbhoT,
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5. HENm T 4 a=v7%E, RUCHBSHEEREOHIE

ARETIE, BIE T VBA & W CHIE L 72 A48 & ML & b T w?A@:y?4ya
=V EBEE R LIEEE 2T v a = R RO T ML DB EE B )
L L BB B E A RE L7z, S 51T, BB HEREZ VT, &mw#wnww 7B
VR T-, T, 2o DfERERT,

51 HEla T4 as v PR BRI Ta0arT ova=y THYE

Figure 2 # il 35 &, W7 DT 4 v a = 7HEAETIH., 3mol/L i§EE% 1 7 LiZ
WhNte. 7 L0 DRSEEN IV 2 £ T 10 MEE T 2 8EE 3 BV BT MLERDH D,
Fio, BEOGHTIZBNTL, FERRONT DX 2 MERT 5 B THEEUE O B 7 LEE%
ﬁi:&ﬁ§< arT 4 va = TEIEVEEUE O N T K OWTTOMER D D, £ 2

EBEEBHEa Ly P EBEALTEMASDE T, KK 8 ADOITLANALT 4 a =
7ﬂ%ﬁ§@:/T4Va:/7%%%%¢Lko

SYELICA® 2T v a = JHEEOMESL Figure 12, BE 27 v a = V&
MEE7 v 7 F A7 v —F v — M Figure 13 IZ/-7, 728, 707 7 AOEMIL, {8k
2 TH#E 2T g =0 73E L HEV O HEEEORIE 7w 7 F L) \RTHEY TH D,

HElZm 7 va=r ZHEETI. 207 v a = 7T 2839l 0 3 mol/L i
frEEht oLy hCRIILTHE L, EE/ VLT THIEDAN T MY 5305 L 9 I
LT, £72. VBA OEDO—DOThHLHL—W—T 4 —AL%ZHITHZ LT, 3 mol/L fiilig
DA T L~OMFHR, 717 DM DHBORE, 23T 4 a =T &#ITONT LD
A, 2T 4 v a =7 oBE, @EEOFERFE O A 2 ER L, 22— =23 T
A—X2L LTAN%, BEITExcel oD U —7 v— FHZFHEH S5 X 912 L7=(Figure 14)
BT, TR T T AT EICE Y 2 — VBT THERT 5 2 LT, 7R T AfRERE
ARSI AN R Al B

IHROORE BEL-AB o T v a = ZEEEIE, ST A@E I ISEEI L, Sr b
DUERFE LT 8 KOW T LADALT g = VEEARER BHEITIT) Z &N TE
72

5.2 HEISBEERIC L IEESBAERRFOR ha T U Lo BIY

Figure S%ﬁﬁu 5L, Sr LYV EHWT SHAW D Sr &~ ~ U w7 A5 45HfE - 8]
I 272 011%, REHARZ I, 7 7 A%, 3 mol/L il C¥ie L7-oH, 0.01
meM%%mmbfsréﬁﬂﬁé%ﬁﬁ&é ZFZT, VI URVT, BRI Ly
2R, 7T/ arvalbyZ— EELVT LA DT BB E A SR LT,

_12_
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BUVE L 72 BB S E OB 4 Figure 15, BBV EEEEAEE 0/ 7 2070 —F v
— k% Figure 16 (/"7 728, 707 T AOFMIX, f8-2 TEEIiZ T 4 v a=u 73k
&L HEEEEEORE 7 e 7T A 1R Th D,

H BB E Tl RBHRRE D> Y P % 3 mol/L i, ik TS TE D L 9 I
Lz, o, BEia 7 4 v a =0 ZHE@E L RRRIC 2 — W — 7 o+ — A& Rk L C AT &
T, V3B, 3 mol/L AHEEVRANRE, 0.01 mol/L fEEAUINIF D yitiR, ¥ &,
WG OFREIRE, > ) DRI OEE, MAKOWREE R EEANTEDL LT L
(Figure 17), 735, 7177 MEBHIX, 7T A0, WBHE, © U DGO EOBRIEELT
STNDE bbb L), BENRE -V =T 43— A TERTEDLEIICLT,

Z ORGSR, BUE L BBV BB ITIE R ICEIE L. SHAW H1o> Sr % H &) T4 - [ 5
% Z L MNT& =, Table 712 SHAW H1> Sr & H B4 EEEE Tyl B L7-38kE, 1E¥E
O FEERIEIC L0 538 B L7250k 2 2 2 ICP-OES CTHlE LAt R & SHAW H1o
Sr TR BUE A "3, BB EEEE T B B L 72 30E o> Sr RN 1.0 g/L TH Y |
VEZE B S FEYERE CooBE- [ U730 o> Sr 8 TH 5 1.2 g/L, SHAW OFREUETH %
1.1g/L & BAtle—Eam Lz, £z, BEDBESE K OERER O FEVEAETofE- [FI L7z
AEHFICIX, SHAW [ KEICEEND Na OB — 7 IR SN hoTo, Ziub DOfER X
D, BELI-ABBEEE LS WD Z LT FEHEEE A% O T SHAW 10> Sr #4
B [AIILT&E D 2 Lotz

HEVBREEE A L7256 SEX RO FEEETIL, W& & & Sr D4 [EIITHK 40
5y DRI 2 B U T, BB O BD B, NEERIE < 0N IE < DRIk D728, 71
— TRy 7 AR E LN TITOMLERH Y | B 2 N 1 HTEELERL TND, 20
72, MFEENFBBIETH T 2R IT o126, TOEERITN 80 N &ed, —
¥, BEVBEEE CIX, Ve —T Ry 7 ATERE ANICEE Ay Ty TR R
B BNEDO I L 72 DT-D, 1 NTHEEEITH) ZENTE D, 207D, (EERITH 40 A-
sy E7e 0 EEBOTFEERIE & AN TEERIT ) & KIBI T | EE0F(LZ KN
DT ENbnotz, £, BEIOBEEE TIXR Y VBIEORTH T ANBEEITH Z LN TE
LD, EEBE DLV X D OWREENRAT T, 70T ATED bNIEDO A ELT
I a—~v T T—DORELR, ILIC MEEBICE D e —TBEENREL 2D
728, ARENEMREOLA IIMIE DKL EZX D Z LN TE D,

_13_
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6. Fiim

AR TIX, 7 u—T Ry 7 A WV TR L T2 BGHEREH T I 4% 2 ATt
BEZ LT 2720 ORBERABR L LT, VBA TER L7077 02 HNT, vy
N7, BE#ealy b, 797y aralby¥— BELT OFEEROHIEZ 2T,
TR DOBEREICADLETr—T 0, 7al 7 AFOEENRT A -4 ST L
T, VBA TH IO OEERA MR EIETE 2 R bh oz, 22T, Kiasails
Hh® T, a7 T ATHRRICHIET 2 Z ETEBIa T 4 v a = 7 3EE L A
HELZAE L, FEEIIT 07 7 @0 IMFEIL, BEI2 T v a = V4B TIL, Sr
LUV ERE LTS T A IR AW ORI, FE OB IR LEEZ BB CiTo Z &R
TE, KRS AKDI T LZRFHCa T 4 va=r 752 LN TE, 7. HEHEE
B TlE, SHAW @ Sr L P U I T 7 A~OUM, PeidAEBEOWRM, 77 5025 Sr O
HESREZ B8 CIT O 2 &N TE 7o, BIUERT O Sr I, FENC LV BRI L= b 0,
SHAW OFi#E & FE 7221370 <. BE L= Ay BEEE ¢ SHAW F0 Sr a7 < 4
BE-RIXTX D Z EBbhotz,

IHNLORERNS, PLHY 7 FTHD VBA T T T AEERT D Z & THIRO W
WEHRMEATRETHY, IO EHARDLEDLZETHBIa VT v a = ZEE L B
BEAEE 2 BUET 2 2 L3 T & VBA I X 2 5 HrBas o il 23 U MR 3 AT D 72 8D O Rl
HEOHBKIZAZ R b D TH DL Z Enbirol,

AHFFETIX, TIMS I &2 Pu OFRNARGHT O 7= ORIAEEEZ A8 bT 5 2 L 2 B L
LCW%, INETHLNZHBRER LY. 2 TORMLEEREZ BEILT 2729121, BLTF
OEND D Z LB oT,

O #HE7 v 7T KAOKEL
Tur T AEWETIE, Hix AR CTATE OBRIEZ VIR LER L, N7 2R L CEE
BEETLINEND D, AFETIE, BB 7 0 v a = 73kE & BB R E 2 5 (E
L. Sr MWW olEakiia I L7z s, BATRIEN D RS REROANT N T 0 7 Z L
ICHELTW D HRENDR H D, 207, 4%, TR NS E T AT 28R L, iE

HEEZTT O MERDH D,

@7 u—T Ry 7 ANRBED D DR O
Pu O FGEREHT, #UELBIIEOBLEN S 70— R » 7 AN TRV 5 SN
b5, ZOH, HELIZRL oGRS 7 e — 7Ry 7 ARNICHEE L TIk bk
VW, ZOFE, PC EBMERIT I 0 —T Ry 7 AR TEIET D720, ARFTE T L 7=
=N LV BEVLOEERTAILERD D, 7 — T VREIERE L2556, 5/
A RAPHAE L CTHRIEREBICEELZ 5 X DA MERDH 5720, BERESDNRT A —F%
FEE L CEEREELESEDILEND D,
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e, ARG TIE, BT b AT RN, VRS, TREE A VRN L C AR E 21T - 72
73, 71T B ORIIE I ZEBRAETE LTV A . MRS EIE S LS H a5 % 0 A0 =
B FEHRETIE, 35 E 0 ORAECIEE B SIS IIIE R R 5 = L N TRE 8,
FBRIECIEEEE  ARE L TH 707 T AT L. IR D T 1 DI C
L& 5 REMEN B 2 BT, Z 07, BHIEHFICZERAE(E L TV T bIBilEA e L 72 %
LT, SEARR LA T4 v h T NEOHET AT B LER B S,

@ avsa4va=v7, 17 L58UNOERED BB

TIMS (T & % Pu D RALEHT ORTLEREAEZ 2RI BB T 2 720121%, 207 1 &
3 =7 T LABELISNT BBt ORI, RGP, INERAE, WA, B0 7 1 Z
AV R ~OBMGOBRMEE BEMLT 2 0ERH 5, BREIORIR, WML, AHF7ECTHER L
EEHHE 2Ly NEAWSZE THBMERARRE B X DD, — 07, JR TR, e
falk, BEE = Ly MIIZA T, b —%— IRERHRELHETL2LERHY, Zhb
ORI T v 77 NHAER LU 2w, 72, REO 7 4 T A0 h~OBAi, &5
BB TR ORBIOERIZH T > T, vARy b7 —LFOMA & HETd 2 LB
D,

Excel®3Z% < D PCIZA VA P—LENTWAY 7 b7 =7 ThHY, VBA IO F 1/
TLAERELRY B HEAE LTI v 7T AR ERT 52N TE D, 2D, VBA
ERALZHBMEEE T, 22—V =TTl 7 AOWREZEEZRFHIITH Z LN TE, Gk
DODHBEMEY AT A LD bHfEa R FEKRIBICHIKTE S L E2 6D, 4%, LilibEE MR
LT TIMS (2 X% Pu ORNRGHTICIR D ATEEEE BBt 2 & 382, ook
~bEA LT Z ERMFEND,

A

AWFIEIE. B AR JI0F 50 B R A & R BB 7 RISV THEM S L2 5 A0
FEBINRICESZ T2 b0 T, FABEEIEERNRE Y ¥ —0ER ) Mk
. RMBANREIRFEOTIE 15 WHRIZIL, FEIBAEDOZ T ANICHIZY B RRT
WIHEEEE LI L2 EEH N LET, o, AMFROFEMICH > TL, oWk
o B v~ —Uv—, S A BRI, JREE fodk A, M S KL KL #®
Z K biER . BE L, BEATHEE LD L 2R EHVELET,
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| Solid phase extraction resin set up into the column |

Scope of automation

\
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Y

S

| Sample taken | Resin conditioning

e ————y

1

| Sample dilution | Sample taken into column

Solid phase extraction
(Column separation)

Valence adjustment of Pu
(Pu — PuV))

U recovery

Pu recovery

\-———————————————————_,

i

| Decomposition of organic materials |

| Evaporation to dryness / Dissolution |

| Sample placed onto filament |

| Mass spectrometry measurement |

Figure 1 Analytical scheme of plutonium isotopes

The measurement is performed by thermal ionization mass spectrometry. The dashed line
indicated the scope of automation examined in this study.
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Table 1 Elemental composition of simulated highly active liquid waste

The solution was prepared by dissolving nitrate of each element. Acid concentration was
adjusted to be 1.38 mol/L.

Element Concentration Element Concentration

(g/L) (g/1)

Na 23 Rh 0.52
p 0.13 Pd 1.7
K 0.094 Ag 0.10

Cr 0.33 Zn 0.029
Fe 1.7 Te 0.64
Ni 0.64 Cs 48
Co 0.12 Ba 9.9
Sr 1.1 La 3.1
Y 0.73 Ce 5.1
Ir 4.7 Pr 2.2
Mo 3.1 Nd 8.9
Mn 1.0 Sm 1.4
Ru 2.2 Gd 5.7

,18,



Figure 2
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Sr resin column

(resin volume: 1 mL)

A 4

Add 3 mol/LL HNO, 8mL

A 4

Standstill for 10 minutes

A 4

Add 3 mol/LL HNO, 8mL

A 4

Standstill for 10 minutes

A 4

Add 3 mol/L HNO, 8mL

A 4

Standstill for 10 minutes

Operation scheme for resin conditioning

Both manual operation by operator and automatic operation by automatic conditioning
system were performed according to the conditioning scheme.
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Sr resin column
(resin volume: 1 mL)

A 4

Add SHAW (1000 times diluted by 3 mol/LL HNO,) 1 mL

A 4

Wash column
(3 mol/LL HNO3 1 mL x10 times)

A 4

Elute Sr from column
(0.01 mol/L HNO, 1 mLx10 times)

A 4

Collect eluent into the volumetric flask

A 4

Fix the solution volume at 50 mL

Figure 3 Operation scheme for strontium separation

Both manual operation by operator and automatic operation by automatic separation
system were performed according to the separation scheme.
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7§

Syringe pump

Samplin
pHng (YMC YSP-202)

Reagent addition ]
(Metrohm 665 Dosimat)

—

.

Collect fractions

Fraction collector
(Bio-Rad Laboratories Model 2110)
s

Electric valve
(FLOM VA11-108)

Electric burette

[

Change reagents

Figure 4 Analytical devices selected for each operation

All devices were already used in analytical laboratory of TRP and had communication
connector for external control.

_21_



JAEA-Technology 2019-014

Table 2 Pin assignment of serial communication

Cable colors in the table were used throughout all experiments in this study.

Pin Function Signal Signal Type Color
1 Carrier Detector DCD IN Black
2 Receive Data RxD IN Brown
3 Transmit Data TxD ouT Red
4 Data Terminal Ready DTR OouT Orange
5 Signal Ground GND Yellow
6 Data Set Ready DSR IN Green
7 Request To Send RTS ouT Blue
8 Clear To Send CTS IN Purple
9 Ring Indicator RI IN Gray/White

,22,
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RS232C connector at PC Modular jack at syringe pump
Pin Signal Signal Type RS-232

1 DCD IN To Network |To Computer

2 o N : Vv Vv

3 TxD ouT | —
4 DTR ouT
5 GND —
6 DSR IN
7 RTS ouT ey &1 *®
8 CTS IN Jf—
9 RI IN o -

|

Figure 5 Cable connection of syringe pump

The RS232C connector was used for PC and the modular jack connector was used for
syringe pump.
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Table 3 Serial communication parameters for each analytical device

Devices are syringe pump, electric burette, and fraction collector. Set values were written in
VBA program for external control.

Parameter Syringe pump Electric burette Fraction collector

Delimiter Cr CrLf CrLf

Baud rate 9600 bps 9600 bps 1200 bps
Parity None Even None
Data bit 8 bit 7 bit 8 bit
Stop bit 1 bit 1 bit 1 bit

Time out 1500 ms 1500 ms 1500 ms
Handshake None XOn/XOff None

,24,
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Table 4 Syringe pump commands for external control

The command was sent from PC to syringe pump by ASCII transmission.

Command Function
RUN Pump start
STP Pump stop
DIA Set diameter of syringe
RAT Set flow rate
VOL Set volume

DIR(WDR/INF) Set direction (withdraw or forward)
RESET Pump reset

,25,
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The communication setting was set according to Table 3. Network address was set as 0.

Figure 6 Syringe pump test program
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RS232C connector at PC DIN connector at electric burrette

Figure 7 Cable connection of electric burret

The RS232C connector was used for PC and the DIN connector was used for electric burette.
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Table 5 Electric burette commands for external control

The command was sent from PC to electric burette by ASCII transmission.

Command Function
REM ON Remote control on
REM OFF Remote control off
G Go (Inject reagents)
S Stop (Stop injection/refill)
F Fill (Refill reagents)
vUP Rate up
VDW Rate down
VLI Pipetting volume
DIR Repetitive dispensing mode
DOS Dosing mode

,28,
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The communication setting was set according to Table 3.

Figure 8 Electric burette test program

End Suhb
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RS232C connector at PC RS232C connector at fraction collector

I

L H
—

Figure 9 Cable connection of fraction collector
The RS232C connectors were used for both PC and fraction collector.
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Table 6 Valve position by binary control

Decimal number was changed to hexadecimal by VBA program and sent to the
microcomputer. Binary output voltages from microcomputer control the valve position of
electric valve.

Pin number of
RS232C at 19 7 22 9 21 8

electric valve . :
Binary Decimal number

Pin number of

. J1-7 J1-6 J1-5 J1-4 J1-3 J1-2 J1-1 J1-0
microcomputer

Initial binary
when valve is

ON ON ON ON ON ON ON ON 11111111 255
connected to

microcomputer
1 ON ON ON OFF ON ON ON OFF 11101110 238
=955 — 24-90
2 ON ON ON OFF ON ON OFF ON 11101101 237
=955 — 24— 21
3 ON ON ON OFF ON ON OFF OFF 11101100 236
=255 — 242120
4 ON ON ON OFF ON OFF ON ON 11101011 23°
=955 21— 22
5 ON ON ON OFF ON OFF ON OFF 11101010 234
=955 219220
g
el 6 ON ON ON OFF ON OFF OFF ON 11101001 233 ‘
Z =955 — 24— 92 _ 21
o
£ 7 ON ON ON OFF ON OFF OFF OFF 11101000 252
c =955 — 24— 92 21_ 20
8 ON ON ON OFF OFF ON ON ON 11100111 231
=955 — 24— 28
9 ON ON ON OFF OFF ON ON OFF 11100110 230 f
=955 212320
10 ON ON ON OFF OFF ON OFF ON 11100101 229
=955 — 24— 25 _ 21
1 ON ON ON OFF OFF ON OFF OFF 11100100 228
=955 — 24— 25 21 _ 20
12 ON ON ON OFF OFF OFF ON ON 11100011 227

=255 — 24— 23 — 22
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Figure 13 Program flow chart for automatic conditioning system

The program controls electric burette and electric valve for conditioning operation.
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Figure 14 User forms made for automatic conditioning system

The flow rate of reagent injection, additional volume of reagent, number of columns,
washing time, and waiting time after reagent addition were input to the user form.
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Figure 16 Program flow chart for automatic separation system

The program controls syringe pump, electric burette, fraction collector, and electric valve
for Sr separation operation. The valve #1 was connected to washing solution of syringe
pump, the valve #2 was connected to waste container, the valve #3 was connected to
sample solution, and the valve #4 was connected to the separation column.
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UserForm6 M
ozt |0 mL/min IMEBRD7E#E . mL/min
ZEOOFE |2 = MBHOFE | 1 mL

A Em D EE 3 mL/min 0. IMBZDZHE | 3 mL/min

StemoEs 1 mL  ampmess |’ mL

Ewsne || 2

oK FrotH

| -
i

[ UserForm1 m
N3 L%#5ER

ik 93%

[ UserFormll I w
|| =sks20E

|| frbkh 52%

Figure 17 User forms made for automatic separation system
The flow rate and volume of 3 mol/L. HNOs solution, 0.01 mol/L. HNOs solution, and
syringe washing solution were input to the user form.
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Table 7 Measurement results of strontium

The Sr in SHAW was separated and recovered by automatic and manual separation. The
RSD represents relative standard deviation of the measurements (N = 3).

Measurement results

Method
Sr concentration (g/L) RSD (%)
Automatic separation 1.0+ 0.0030 0.3
Manual separation 1.2 £ 0.029 2.4
Prepared value 1.1
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161 BENNAALTOHIE 2 75 L

Al1-1. I ®IC
BEN LT ORI v 7T A ELITICRT, 7k, K77 Z A, BNV T 0L T
MEZ No.3ICEETHEDTHD,

Al1-2. Fur I A

ER L7701 7T MFTEY 2 — VO~ THER SN TS, Y a—1OiF, USB #ii
B Thidr~vAr/nara—4—% VBA CHEMTLODESLTHDL, TV 2—L0Q
IZ. VBA TPC t~vAruarsa—F—%kT -0/ 0y —Yy—Thbh, Y

2—L@l%, VBA TPC b~ Af7nartta—HF—~av REEETIEZDO Ty
—V X —Thb, TEVa—L@iF, B ILTORET oy —Vy—ThbH, TV a2—1LE
F. SV TNEETRET D070y —Y vy —Th b, K7a 77 MI bR Liz L oIz,
SNV TALEZ No3IZERETH7 07T LA ThHDLHN, WL TAEZZDMOFZICELET S
IZIFE Y 2 —L@WNO [Call valve(0,1,4) | DFEINNOEUE 2 2L HUIT RV, Z OHEIE
J1EG 7D OFF IZ L7 WE VB FICHY T 5, 2078, Table6 22 HZEH L7z WL
MEIZT 27200 J1 2R L, ST FFZ2EINNICANTL2UNERD D,

A1-21 ¥ 2—1Q0 USBHEHEOES

Public Amount As Long & ¥ = —/L 42K T Amount % 5 2,

Private Const OPEN_EXISTING = 3

Private Const INVALID_HANDLE_VALUE = -1
Private Const DIGCF_PRESENT = &H2

Private Const DIGCF_DEVICEINTERFACE = &H10
Private Const GENERIC_WRITE = &H40000000
Private Const GENERIC_READ = &H80000000
Private Const FILE_ATTRIBUTE_NORMAL = &H80
Private Const CREATE_ALWAYS = 2

Private Const OPEN_ALWAYS =4

Private Const FILE_SHARE_READ = &H1

Private Const FILE_SHARE_WRITE = &H2

Private Const WAIT_OBJECT 0=0

Private Type GUID
Datal As Long
Data2 As Integer
Data3 As Integer
Data4(7) As Byte

End Type

Private Type HIDD_ATTRIBUTES
Size As Long
VendorID As Integer
ProductID As Integer
VersionNumber As Integer

End Type
Private Type HIDP_CAPS
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Usage As Integer
UsagePage As Integer
InputReportByteLength As Integer
OutputReportByteLength As Integer
FeatureReportByteLength As Integer
Reserved(16) As Integer
NumberLinkCollectionNodes As Integer
NumberInputButtonCaps As Integer
NumberInputvalueCaps As Integer
NumberInputDatalndices As Integer
NumberOutputButtonCaps As Integer
NumberOutputvalueCaps As Integer
NumberOutputDatalndices As Integer
NumberFeatureButtonCaps As Integer
NumberFeaturevalueCaps As Integer
NumberFeatureDatalndices As Integer
End Type

Private Type HidP_value_Caps
UsagePage As Integer
ReportID As Byte
IsAlias As Long
BitField As Integer
LinkCollection As Integer
LinkUsage As Integer
LinkUsagePage As Integer
IsRange As Long
IsStringRange As Long
IsDesignatorRange As Long
IsAbsolute As Long
HasNull As Long
Reserved As Byte
BitSize As Integer
ReportCount As Integer
Reserved2 As Integer
Reserved3 As Integer
Reserved4 As Integer
Reserved5 As Integer
Reserved6 As Integer
LogicalMin As Long
LogicalMax As Long
PhysicalMin As Long
PhysicalMax As Long
UsageMin As Integer
UsageMax As Integer
StringMin As Integer
StringMax As Integer
DesignatorMin As Integer
DesignatorMax As Integer
DatalndexMin As Integer
DatalndexMax As Integer

End Type

Private Type SP_DEVICE_INTERFACE_DATA
cbSize As Long
InterfaceClassGuid As GUID
Flags As Long
Reserved As Long
End Type

Private Type SP_DEVICE_INTERFACE_DETAIL_DATA
cbSize As Long
devicepathl As Byte
devicepath2 As Byte

End Type
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Private Type SP_DEVINFO_DATA
cbSize As Long
ClassGuid As GUID
DevInst As Long
Reserved As Long
End Type

Private Type OVERLAPPED
Internal As Long
InternalHigh As Long
Offset As Long
OffsetHigh As Long
hEvent As Long

End Type

Private Declare Function HidD_GetHidGuid Lib "hid.d11" (ByRef HidGuid As GUID) As Long

Private Declare Function CreateFile Lib "Kernel32" Alias "CreateFileA" (ByVal IpFileName As String,
ByVal dwDesiredAccess As Long, ByVal dwShareMode As Long, ByRef lpSecurityAttributes As Long,
ByVal dwCreationDisposition As Long, ByVal dwFlagsAndAttributes As Long, ByVal hTemplateFile As
Long) As Long

Private Declare Function ReadFile Lib "Kernel32" (ByVal hFile As Long, ByRef IpBuffer As Byte, ByVal
nNumberOfBytesToRead As Long, ByRef IpNumberOfBytesRead As Long, ByRef IpOverlapped As
OVERLAPPED) As Long

Private Declare Function WriteFile Lib "Kernel32" (ByVal hFile As Long, ByRef lpBuffer As Byte,
ByVal nNumberOfBytesToWrite As Long, ByRef IpNumberOfBytesWritten As Long, ByRef
IpOverlapped As OVERLAPPED) As Long

Private Declare Function CloseHandle Lib "Kernel32" (ByVal hObject As Long) As Long

Private Declare Function HidD_GetPreparsedData Lib "hid.dll" (ByVal HidDeviceObject As Long,
ByRef PreparsedData As Long) As Long

Private Declare Function HidP_GetCaps Lib "hid.dll" (ByVal PreparsedData As Long, ByRef
Capabilities As HIDP_CAPS) As Long

Private Declare Function HidD_FreePreparsedData Lib "hid.d1l" (ByRef PreparsedData As Long) As
Long

Private Declare Function HidD_GetAttributes Lib "hid.dIl" (ByVal HidDeviceObject As Long, ByRef
Attributes As HIDD_ATTRIBUTES) As Long

Private Declare Function SetupDiCreateDevicelnfoList Lib "setupapi.dll" (ByRef ClassGuid As GUID,
ByVal hwndParent As Long) As Long

Private Declare Function SetupDiDestroyDeviceInfoList Lib "setupapi.dll" (ByVal DeviceInfoSet As
Long) As Long

Private Declare Function SetupDiEnumDeviceInterfaces Lib "setupapi.dll" (ByVal DeviceInfoSet As
Long, ByVal DevicelnfoData As Long, ByRef InterfaceClassGuid As GUID, ByVal MemberIndex As
Long, ByRef DevicelnterfaceData As SP_DEVICE_INTERFACE_DATA) As Long

Private Declare Function SetupDiGetClassDevs Lib "setupapi.dll" Alias "SetupDiGetClassDevsA"
(ByRef ClassGuid As GUID, ByVal Enumerator As String, ByVal hwndParent As Long, ByVal Flags As
Long) As Long

Private  Declare = Function SetupDiGetDevicelnterfaceDetail ~ Lib "setupapi.dll"  Alias
"SetupDiGetDeviceInterfaceDetailW" (ByVal DevicelnfoSet As Long, ByRef DevicelnterfaceData As
SP_DEVICE_INTERFACE_DATA, ByVal DevicelnterfaceDetailData As Long, ByVal
DevicelnterfaceDetailDataSize As Long, ByRef RequiredSize As Long, ByVal DeviceInfoData As Long)
As Long
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Private Declare Function RtIMoveMemory Lib "Kernel32" (dest As Any, src As Any, ByVal Count As
Long) As Long

Declare Function CreateEvent Lib "Kernel32" Alias "CreateEventA" (IpEventAttributes As Long,
ByVal bManualReset As Long, ByVal blnitialState As Long, ByVal lpName As String) As Long

Private Declare Function GetOverlappedResult Lib "kernel32.dll" (ByVal hFile As Integer, ByRef
IpOverlapped As OVERLAPPED, ByRef lpNumberOfBytesTransferred As Long, ByVal bWait As
Boolean) As Integer

Declare Function WaitForSingleObject Lib "Kernel32" (ByVal hHandle As Long, ByVal dwMilliseconds
As Long) As Long

Dim g_hDevice As Long
Dim g_nInputSize As Long
Dim g_nOutputSize As Long
Private Sub Destroy()
If g hDevice <> INVALID_HANDLE_VALUE And g_hDevice <> 0 Then
CloseHandle g_hDevice
End If

g_hDevice = INVALID_HANDLE_VALUE
g_nlnputSize =0
g_nOutputSize = 0

End Sub

Al1-22 EFV2—NVQ wAf7uarta—F—L D

Sub Connect()
Dim nVendorID As Long
Dim nDevicelD As Long
Dim ret As Long
Dim dwlndex As Long
Dim hDevInfo As Long
Dim sDevicelnterfaceData As SP_DEVICE_INTERFACE_DATA
Dim DetailData As Long
Dim sDevicelnterfaceDetailData As SP_DEVICE_INTERFACE_DETAIL_DATA
Dim Needed As Long
Dim strDevicePath As String
Dim hDevice As Long
Dim sHidpCaps As HIDP_CAPS
Dim NumMax As Integer
Dim guidHid As GUID
Dim PreparsedData As Long
Dim dwCount As Long
Dim strBuff As String

Destroy

Worksheets("Sheet1"). Activate “X> % —ID, A ZAIDZAN LTV —0 v — 2T 77 471k
strBuff = Cells(2, 1)

nVendorID = Hex2Long(strBuff) X % —ID % AJI(Z Z TIAV—7 > — b D& 5/ A )
strBuff = Cells(2, 2)

nDevicelD = Hex2Long(strBuff) ‘7 /3A 2 ID # AJ)(Z 2 TE U —2 > — FOfEZFi i)

ret = HidD_GetHidGuid(guidHid)

hDevinfo = SetupDiGetClassDevs(guidHid, vbNullString, 0, (DIGCF_PRESENT Or
DIGCF_DEVICEINTERFACE))
dwlndex =0

sDeviceInterfaceData.cbSize = LenB(sDeviceInterfaceData)

Do While (SetupDiEnumDevicelnterfacesthDevInfo, 0, guidHid, dwlndex, sDevicelnterfaceData))
dwlndex = dwlndex + 1

ret = SetupDiGetDevicelnterfaceDetail(hDevInfo, sDeviceInterfaceData, 0, 0, Needed, 0)
Dim DetailDataBuffer() As Byte
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DetailData = Needed

sDevicelnterfaceDetailData.cbSize = Len(sDeviceInterfaceDetailData)
ReDim DetailDataBuffer(Needed)

RtlMoveMemory DetailDataBuffer(0), sDeviceInterfaceDetailData, 4
ret = SetupDiGetDevicelnterfaceDetailthDevInfo, sDevicelnterfaceData,
VarPtr(DetailDataBuffer(0)), DetailData, Needed, 0)

If ret Then
Dim pBuff( As Byte
ReDim pBuff(Needed - 6)
For i =0 To Needed - 6
pBuff(i) = DetailDataBuffer( + 4)

Next
strDevicePath = pBuff
hDevice = CreateFile(strDevicePath, GENERIC_READ Or GENERIC_WRITE,

(FILE_SHARE_READ Or FILE_SHARE_WRITE), 0, OPEN_EXISTING, 0, 0)
If hDevice <> INVALID_HANDLE_VALUE Then
Dim sHiddAttributes As HIDD_ATTRIBUTES
ret = HidD_GetAttributes(hDevice, sHiddAttributes)
If ret And sHiddAttributes.VendorID = nVendorID And sHiddAttributes.ProductID = nDevicelD
Then
ret = HidD_GetPreparsedData(hDevice, PreparsedData)
If ret Then
ret = HidP_GetCaps(PreparsedData, sHidpCaps)
If ret Then
g_nInputSize = sHidpCaps.InputReportByteLength
g_nOutputSize = sHidpCaps.OutputReportByteLength
For i =0 To g_nOutputSize — 1
Cells(5, 5 + 1) ="00"
Next
For i = g_nOutputSize To g_nOutputSize + 5
Cells(5,5+1)=""
Next
For i =0 To g_nInputSize + 5
Cells(7,5+1) ="
Next
End If

HidD_FreePreparsedData PreparsedData

If ret Then
g_hDevice = hDevice
Cells(15, 2) = "#6EICRTI L E L7z, " & vbCrLf & "PC->FT XA ZA~DFT —Z 44 XI" &
g_nOutputSize & "3 +" & vbCrLf & "7 /34 A->PC ~DF — & %A XL" & g_nInputSize & "/
A4 FTY, "
SetupDiDestroyDeviceInfoList hDevInfo
Exit Sub

End If

End If
End If

CloseHandle hDevice
g_hDevice = INVALID_HANDLE_VALUE

End If
End If

Loop

SetupDiDestroyDeviceInfoList hDevInfo

Cells(15, 2) = "Hftlc R L & L7z, "
End Sub
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A1-2.8 EFV2—NQ A/ BaLta—F—~EEETH > o —Tr—

Function Send(
Dim sOverlapped As OVERLAPPED

If g_hDevice = INVALID_HANDLE_VALUE Or g_hDevice = 0 Then
Exit Function
End If

sOverlapped.hEvent = CreateEvent(0, False, True, "")
Dim dwWait As Long

Dim dwWritten As Long

Dim pBuff( As Byte

Dim strSendedData As String

ReDim pBuff(z_nOutputSize)

Cells(5, 6).Value = "20" 'v A/ uarta—F—Davr RN, FUZVAMT FUOZLVAHS, a<
v REZE%, R AN EBITWIERENIZH 1% 54T

Cells(5, 7).Value ="1" 'J1 A I3 7 % 3% € (& T ON IZT 5)

Cells(5, 8).Value = Hex(Amount) '16 #H~Z5#i

For 1 =0 To g_nOutputSize

pBuff(i) = Hex2Long(Cells(5, 5 + 1))

strSendedData = strSendedData & " " & Byte2Hex(pBuff(i))
Next

pBuff(0) = 0

ret = WriteFile(g_hDevice, pBuff(0), g_nOutputSize, dwWritten, sOverlapped)
ret = False

dwWait = WaitForSingleObject(sOverlapped.hEvent, 1000)

If dwWait = WAIT_OBJECT_0 Then
ret = GetOverlappedResult(g_hDevice, sOverlapped, dwWritten, True)

If ret Then
Cells(15, 2) = "EEICKTILE Lz, " & vbCrLf & "1 /%4 FHIX 100) EETY, " & vbCrLf &
strSendedData

End If

End If

End Function

Private Function Hex2Long(strHex As String) As Long
Hex2Long = Val(IIf (Left(strHex, 1) ="&", "", "&H") & strHex)
End Function

Private Function Byte2Hex(cbData As Byte) As String
If cbData < &H10 Then
Byte2Hex = "0" & Hex(cbData)
Else
Byte2Hex = Hex(cbData)
End If
End Function

Al1-2.4 EV2—N1@ BEINLTOHIBE vl —Y v —

Function valve(ParamArray MyVal() 'SV 7 == il 0 7 Z A
Dim i As Integer 'For (ZfEfH4 2851 255
Dim num(7) 'num &\ 5 AR CESIEIE LTES
Sheets("Sheet1").Activate
Amount =255'v 4 7/ B AL Ea— X —ZEET 20T 16 TR NIE R bR e, 16 B H#H;
WA 95 2% Amount (2 1Byte CHREL T 2 kD% 255(2 #40T 11111111) & 3% 7E,

Fori=0To 7
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num@) = 2 A i mum(0)7> 5 num(7)E TIT 281 DfEZ A
Next 1

Call Connect

For i = LBound(MyVal) To UBound(MyVal) 'MyVal X7 Z 518 TH 5, 51O TFN—T 54T,
#1: call Valve(0,1,4)7¢ & 3 [a]
Amount = Amount - num(MyVal(®) '2 D53k (2251H) D% 255 7>551< filicall Valve(0,1,4) 73
5. 255-1-2-16=236(2 #44 T 11101100)
Next 1

Call Send ‘USB TEHEARITH 72— ¥ —. Amount % Send N T 16 EHIC AL I v, BIVITAT

LTWb, 2N LT —X52EELTND,
End Function

A1-25 P a2—10G NAVTHNEBEBOERE vy —T v —

Sub use()
Call valve '5|3t&# A1 L7722 & T 255 (11111111) #3%fg, USB-AKI OAR— bk 0~7 IZXi- L TR
D, NLTOETOR—FPONIZRD
ec. WAITmS = 500 "] 500ms
Callvalve(0, 1, 4) 'SV T B % 3 FIZAEF, valve 70—V v —I25(450,1,4 23160 . Y fEA 236(2
HHT 11101100), ~A 7 ar B a—Z—0D J1-0 %, J1-1 %, J1-4 FER— BN OFF 1240, HAhn
OV Iz %, BHETHE0L. Call valve DFEIINIZ OFF IZ L72WJLIE > DF B &L AT 5,
ec. WAITmS = 300 '3V 7 28 5 1% O FEERER] 300ms
Call valve ‘FF Q' valve 7r v —V ¥ —&NOH L, £2TOHR— K% ON

ec. WAITmS = 500 'FH%#R 500ms
End Sub
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fH&-2 BB T Y a=r7REBL ASHMEBORE T 1S T A

A2-1. I ®IC
HEjar T4 va=r78EEBEOBEEEORIE 0 77 Lk a—F—T 4 — A 1E
T o — )LOJEIZEEH T 5,

A2-2. Fu s A

B L7e7 v 7 53, 22— =7 —20~0., TV 2—1VO~@On bR EN5, =+
— P =T 3 —20~@lF, HEIZ T ¢ g = JAEE L BB BEEE OB LB AR
Z A —=Z (RIREHORIE, BE, 77 2RBH) DA LAY, T a s T LD,
KTEITHOTZDOLDOTH D, EVa2a— 1O, VU IR THORE T a 77 A Th D,
TV 2= N@QIE, 7T varal s Z—HoRETe T A THDH, TV 2a— LA, &
Braly ORI e 7T LA ThHDH, TV 2—/L@IF, BEIV LT ORI T 0 7T LA TH
B BV a—NOIX, 2T 4 a =T KON T AGEEEDO TS, Ko —Y—T — A
EEVa— VEMRHL, BEZESE 20 TH D, Y 2—L@®IX, EOMOHBH
WER L7 m 7 7 A Th D,

A2-21 2—¥F—T7x—20

Private Sub CommandButtonl_Click()
Unload UserForm1' AU %] A& &#H 3 & UserForml 23544 T35
End Sub

Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer)
If CloseMode = 0 Then Cancel = True xR ¥ > &%k 51232
End Sub

A2-22 a—HF—T7%—L10Q

Private Sub UserForm_Initialize() "TextBox O #MIEABfFE LT 74V b E L TRETH T 1T T A
TextBox1.Value = Cells(3, 4).Value ‘U — 7 2 — k D Al % Hi A iA
TextBox2.Value = Cells(4, 4).Value ‘U — 27 > — kD Al % Hi A F-
TextBox3.Value = Cells(5, 4).Value ‘U — 27 > — ks D Al % Ht T A Ix
TextBox4.Value = Cells(6, 4).Value ‘U — 7 2 — k D A Il % Fi A1 A
TextBox5.Value = Cells(7, 4).Value ‘U — 27 > — k D A Sl % Hi A F-
End Sub

Private Sub CommandButton1_Click(
ANENTEOMER T v 7T A ATMEDNZEM SO TE E&FFEAOLAHEAT SE 5
If TextBox1.Value = "" Then
MsgBox "t N AT S THER-A"
Elself TextBox1.Value <= 0 Or TextBox1.Value > 60 Then
MsgBox "t L 0~60 LA FOAEZTI™"
Elself TextBox2.Value = "" Then
MsgBox "1 7 AZFTHET HHEEN AT SN THEREA"
Elself TextBox2.Value <= 0 Or TextBox2.Value > 20 Then
MsgBox " 7 MM T HREIL 0~20 LT OAAF T
Elself TextBox3.Value = "" Then
MsgBox "1 7 LADOKRPBANS) SHVTOERA"
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Elself TextBox3.Value < 1 Then

MsgBox "1 7 AOAREIT 1 LI LOBEFZTT"
Elself TextBox4.Value ="" Then

MsgBox "FEHHEE A AT ST E A"
Elself TextBox4.Value < 1 Then

MsgBox "FHEFEIL 1 L EOHFRHTI"
Elself TextBox5.Value ="" Then

MsgBox "BIERFH A AT S TWVEREA"
Elself TextBox5.Value < 0 Then

MsgBox "R HIX 0~ DHEZHTT"
Else E#IELEFN 7 HIZFNEFNOEMTEZRA LT UserForm2 # B U %

Cells(3, 4).Value = TextBox1.Value

Cells(4, 4). Value = TextBox2.Value

Cells(5, 4).Value = TextBox3.Value

Cells(6, 4).Value = TextBox4.Value

Cells(7, 4).Value = TextBox5.Value

Unload UserForm2
End If

End Sub

A2-23 2—YP—T73—20

Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer)
YIRH U NL DT BT a T T A
If CloseMode = 0 Then Cancel = True
End Sub

Private Sub UserForm_Initialize()
With ComboBox1
AddItem "UM" 'uL/min
AddItem "MM" 'mL/min
.AddItem "UH" 'nL/hour
AddItem "MH" 'mL/hour
End With
With ComboBox2
AddItem "UL" 'L,
AddItem "ML" 'mL
End With
Worksheets("Sheet2").Activate
TextBox1.Value = Cells(3, 4).Value
TextBox2.Value = Cells(5, 4).Value
TextBox3.Value = Cells(7, 4).Value
TextBox4.Value = Cells(8, 4).Value
ComboBox1.Value = Cells(4, 4).Value
ComboBox2.Value = Cells(6, 4).Value
End Sub

Private Sub CommandButton1_Click()

If TextBox1.Value = "" Then

MsgBox "N AT S THER-A"
Elself TextBox1.Value <= 0 Then

MsgBox "It 1 LLEREFEZ T
Elself TextBox2.Value = "" Then

MsgBox "EHRIAEN AT SN THOEFA"
Elself TextBox2.Value < 1 Then

MsgBox "#HEHEIA &L 1 LLERFERTT"
Elself TextBox3.Value = "" Then

MsgBox "FRIEEF A AT SN THEEA"
Elself TextBox3.Value < 1 Then

MsgBox "FEEREIL 1 LLEDOBF R TI"
Elself TextBox4.Value = "" Then

MsgBox "fF BRI A AT S TWVEREA"
Elself TextBox4.Value < 1 Then

MsgBox "fF BRI 1 L Lo BFh T
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Elself ComboBox1.TEXT ="" Then
MsgBox "Wt D BN AT L T 720
Elself ComboBox2. TEXT ="" Then
MsgBox "FEDOHALZEIN L TSI
Else
Worksheets("Sheet2").Activate
Cells(3, 4).Value = TextBox1.Value
Cells(5, 4).Value = TextBox2.Value
Cells(7, 4).Value = TextBox3.Value
Cells(8, 4).Value = TextBox4.Value
Cells(4, 4).Value = ComboBox1.Value
Cells(6, 4).Value = ComboBox2.Value
Unload UserForm3 'UserForm3 %A U %
End If
End Sub

Private Sub CommandButton2_Click()
End'7'ue /7 L5&& T35
End Sub

A2-24 2—HF—TF—20
Private Sub CommandButton1_Click() ' A JJEAZEM X i3l IE&E RS OB IEFHEA S S8 5
If TextBox1.Value = "" Then
MsgBox "t NS A E T ER- A"
Elself TextBox1.Value <= 0 Or TextBox1.Value > 150 Then
MsgBox "t i 0~150 D AAZN T
Elself TextBox2.Value = "" Then
MsgBox "I 7 LMIFET 2B EBNRAIII N THEEA"
Elself TextBox2.Value <= 0 Or TextBox2.Value > 40 Then
MsgBox "1 7 AZFTET HHFEIL 0~40 OHFRHTT"
Elself TextBox3.Value = "" Then
MsgBox "1 7 AORFNATI ST EFA"
Elself TextBox3.Value < 1 Then
MsgBox "1 7 DO 1 UL EOHBEFRH T
Elself TextBox4.Value ="" Then
MsgBox "FEHRIFE AT STV EHA"
Elself TextBox4.Value < 1 Then
MsgBox "FR¥H[EIFT 1 BL EO BT
Elself TextBox5.Value = "" Then
MsgBox "@IERFH A AT SN THEEA"
Elself TextBox5.Value <= 0 Then
MsgBox "KL 0~ DA AT
Else E#E ELFN 7 HIZFNEFNOEMTEZRA LT UserForm2 Z#F U %
Cells(3, 4).Value = TextBox1.Value
Cells(4, 4). Value = TextBox2.Value
Cells(5, 4).Value = TextBox3.Value
Cells(6, 4).Value = TextBox4.Value
Cells(7, 4).Value = TextBox5.Value
Unload UserForm4
End If
End Sub

Private Sub CommandButton2_Click() 'S ¥ > EARZ L TT 7T ABRKT
MsgBox "0 /T A& & T LET"
End

End Sub

Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer)
WK B UBAPIRNL DT BT e T T A
If CloseMode = 0 Then Cancel = True
End Sub

Private Sub UserForm_Initialize() 'TextBox NOEZ &S LT 7 /v k& L THRE
TextBox1.Value = Cells(3, 4).Value
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TextBox2.Value = Cells(4, 4).Value

TextBox3.Value = Cells(5, 4).Value

TextBox4.Value = Cells(6, 4).Value

TextBox5.Value = Cells(7, 4).Value
End Sub

A2-25 2—H—T74—10B

Public cyling_size
Private Sub CommandButtonl_Click(
If cyling_size = 40 Then
Unload UserForm5
UserForm4.Show (vbModal)
Elself cyling_size = 20 Then
Unload Me
UserForm2.Show (vbModal)
Else
MsgBox "R L T 720
End If
End Sub

Private Sub CommandButton2_Click()
MsgBox "7’ 0 /T A& T LET"
End

End Sub

Private Sub OptionButton1_Click()
cyling_size = 40
End Sub

Private Sub OptionButton2_Click()
cyling_size = 20
End Sub

Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer)
WIRZ BRI E ST BT s T A
If CloseMode = 0 Then Cancel = True
End Sub

A2-26 22— —T73—206

Private Sub UserForm_Initialize()
TextBox1.Value = Cells(4, 4).Value
TextBox2.Value = Cells(7, 4).Value + 1
TextBox3.Value = Cells(6, 4).Value
TextBox4.Value = Cells(7, 4).Value
TextBox5.Value = Cells(8, 4).Value
TextBox6.Value = Cells(9, 4).Value
TextBox7.Value = Cells(10, 4).Value
TextBox8.Value = Cells(11, 4).Value
TextBox9.Value = Cells(12, 4).Value

End Sub

Private Sub CommandButton2_Click() 'S v B /ARF o TFa F T ARKT
MsgBox "7'0 77 LEKT LET"
End

End Sub

Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer)
"WIR A U NWE DT AT R ST A
If CloseMode = 0 Then Cancel = True
End Sub
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Private Sub CommandButton1_Click()
ANIMEORER T 1 7 F 5 AJVEDZEM X ILE EFEFASN 0L A HEA S5
If TextBox1.Value = "" Then
MsgBox "WV OTREN AT SN THEHA"
Elself TextBox1.Value <= 0 Or TextBox1.Value >= 16 Then
MsgBox "L 1 LA = 16 L FOHHFE T
Elself TextBox2.Value = "" Then
MsgBox "HBEVDOEEN AT SN THEFA"
Elself TextBox2.Value < 1 Or TextBox2.Value > 24 Then
MsgBox "#EWOFEIZ I U E24 U TFTOREHTT"' VY TPDA—F—% A TEFRTH
Elself TextBox3.Value = "" Then
MsgBox "sUBHRIRDEHNA AT SN TV ER-A"
Elself TextBox3.Value < 1 Or TextBox3.Value > 15 Then
MsgBox "sAEHER O W#EIZ 1 LLE 16 L FOHEZ T
Elself TextBox4.Value ="" Then
MsgBox "sUEHER O R EN AT SN TOEEA"
Elself TextBox4.Value < 1 Or TextBox4.Value > 24 Then
MsgBox "SEHEROAREIT 1 U L 24 U TOHFHTT" 'LV I A—F—2 R TERTD
Elself TextBox5.Value ="" Then
MsgBox "1 7 A PEEDOREEEDFEN AT I N THEEA"
Elself TextBox5.Value < 1 Then
MsgBox " 7 AYEEHREE OFEEIL 1 L EOBF R T
Elself TextBox6.Value = "" Then
MsgBox "1 7 AEHIHBORENATI SN THEEA"
Elself TextBox6.Value < 1 Or TextBox6.Value > 50 Then
MsgBox " 7 APEEHHEE DA EIL 1 LLE 50 L FORFZ) T
Elself TextBox7.Value = "" Then
MsgBox "ABEHMEEOTTHRNS AT ST EFA"
Elself TextBox7.Value < 0 Or TextBox7.Value > 20 Then
MsgBox "V RS D FEIL 0~20 LLF O AAFZh T
Elself TextBox8.Value ="" Then
MsgBox "ABEHMEEBEOREN AT SN THEFA"
Elself TextBox8.Value < 0 Then
MsgBox "IARBE AR O R BIL 0~DHEH T
Elself TextBox9.Value = "" Then
MsgBox " HRFHIA AT SN TOHEREA"
Elself TextBox9.Value < 0 Then
MsgBox "F BT IEDED A Z AT L TL 7ZE W
Else MEREEHE AN S ITENENOENMIEZ AL T UserFormb # ] U %
washwith_rate = TextBox1.Value 'Z Z /b a—V—7 3 —ALf 70 75 A
washwith_vol = TextBox2.Value
sample_rate = TextBox3.Value
sample_vol = TextBox4.Value
HNO3_3Mrate = TextBox5.Value
HNO3_3Mvol = TextBox6.Value
HNO3_01Mrate = TextBox7.Value
HNO3_01Mvol = TextBox8.Value
separate_waittime = TextBox9.Value
Cells(4, 4). Value = TextBox1.Value
Cells(5, 4).Value = TextBox2.Value
Cells(6, 4).Value = TextBox3.Value
Cells(7, 4).Value = TextBox4.Value
Cells(8, 4).Value = TextBox5.Value
Cells(9, 4).Value = TextBox6.Value
Cells(10, 4).Value = TextBox7.Value
Cells(11, 4).Value = TextBox8.Value
Cells(12, 4).Value = TextBox9.Value
Unload UserForm6
End If
End Sub
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A2-27 EV2—NQ VIVIRVTIRHATIRT T A

Function pump(ByVal rate_para As Integer, ByVal rate_unit As String, ByVal vol_para As Integer,
ByVal vol_unit As String)
Dim ComPort As Byte '"R— FEHES
ComPort = 1'F— hEFZEFLA(Z Z T, A—bEEFE LICRE
ec.COMn = ComPort AN — k%[ <
ec.Delimiter = ec. DELIMs.Cr '7" U X ¥ O E
ec.Setting = "9600,n,8,1" ' %F*#{:@‘“”’”
ec.AsciiLineTimeOut = 1500 '% A 57 &7 N &E
ec.HandShaking="N"""> Ky =A 772 L
ec.AsciiLine = "0 DIA 20" ">V » YV O EA(mm) % R E
ec. WAITmS = 500 ‘FFiEE# 500ms

ec.AsciiLine = "0 RAT " & rate_para & " " & rate_unit "\ & T DB Z R E
ec. WAITmS = 500 ‘FFiEE# 500ms

ec.AsciiLine = "0 VOL " & vol_para 'R % & E
ec. WAITmS = 500 ‘FFiEE# 500ms

ec.AsciiLine = "0 VOL " & vol_unit "B & D HN. & & E
ec. WAITmS = 500 ‘% R#f 500ms

ec.AsciiLine = "0 DIR WDR" '> U v P O#EIE S 61 % W5 IZFRE
ec. WAITmS = 500 ‘FFH%R#f 500ms

ec.Asciiline = "0 RUN" "R > 7 @{ER 44
ec. WAITmS = ((vol_para / rate_para) * 60 + 2) * 1000 "& &, JitiEn & AR 2 5 H L TRk

ec.AsciiLine = "0 DIR INF" '~ U o P O8WE M 2 1EANICERE
ec. WAITmS = 500 “FFHEHR:RT 500ms

ec.AsciiLine =" 0 RUN" 'K > 7@h{ERd 4R
ec. WAITmS = ((vol_para / rate_para) * 60 + 2) * 1000 "& & & JitiliH> & R RE R 2 5 H U TRk

ec.COMnClose = ComPort 'R— F &P L %
End Function

Function pump_suikomi(ByVal suikomi_rate As Single, ByVal suikomi_unit As String, ByVal
suikomi_vol As Single, ByVal suikomi_volunit As String)

Dim ComPort As Byte '""— NEHES

ComPort =1'R— FFEFERLA(Z ZTIE, A— +EHF%E 1ICRTE

ec.COMn = ComPort '""— k& BH <

ec.Delimiter = ec. DELIMs.Cr '7" U X ¥ O E

ec.Setting = "9600,n,8,1" {5 *1430)*”‘%

ec.AsciiLineTimeOut = 1500 '% A 57 &7 k37

ec.HandShaking="N"""> Ky =A 772 L

ec.AsciiLine ="0 DIA 20" 'V P OEA(MmM) Z X ET D
ec. WAITmS = 500 ‘% RFf 500ms

ec.AsciiLine = "0 RAT " & suikomi_rate & " " & suikomi_unit 'Fiif & & D HL & §
ec. WAITmS = 500 ‘% RFf 500ms

e
it

ec.AsciiLine = "0 VOL " & suikomi_vol 'A% % &
ec. WAITmS = 500 ‘%R 500ms

ec.AsciiLine = "0 VOL " & suikomi_volunit ' & O BN & 3% &
ec. WAITmS = 500 ‘%R 500ms

ec.AsciiLine = "0 DIR WDR" '> U > Y OEWME S A1 2K 51T 5R E
ec. WAITmS = 500 ‘% R¢f 500ms

ec.AsciiLine = "0 RUN" "R > 7@ {EB 4
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ec.WAITmS = ((suikomi_vol / suikomi_rate) * 60 + 2) * 1000 '& & & yim

ec.COMnClose = ComPort ‘R— F & U %
End Function

M D RFSRER] 2 B U TR

Function pump_hakidasi(ByVal hakidasi_rate As Single, ByVal hakidasi_unit As String, ByVal

hakidasi_vol As Single, ByVal hakidasi_volunit As String)

Dim ComPort As Byte '""— N EHES

ComPort =1 ' R— hEEZFLA(Z ZTlE, A— FEF% 1ITHD)
ec.COMn = ComPort 'AN— k2 <

ec.Delimiter = ec. DELIMs.Cr 7V I ¥ DK E

ec.Setting = "9600,n,8,1" "W{E MM DR E

ec. AscuLmeTlmeOut =1500"'# A 57T 7 FE%TE

ec.HandShaking ="N"'"/"> Ky = A 772 L

ec.Asciiline = "0 DIA 20" '> V) » Y OEA(MmM) 2R ET 5
ec. WAITmS = 500 “FFF%R#R 500ms

ec.AsciiLine = "0 VOL " & hakidasi_volunit '& & O ¥ &2 3% T
ec. WAITmS = 500 “FFF%R#R 500ms

ec.AsciiLine = "0 RAT " & hakidasi_rate & " " & hakidasi_unit " & = O BT 2 3% &

ec. WAITmS = 500 “FFF%R#R 500ms

ec.AsciiLine = "0 VOL " & hakidasi_vol " &% &€
ec. WAITmS = 500 “FiF%R#R 500ms

ec.AsciiLine = "0 DIR INF" '> U o P O #EE S [0 & W5 Z3RE
ec. WAITmS = 500 “FFF%R#R 500ms

ec.AsciiLine = "0 RUN" 'R > 7@ {ERR 1R

ec. WAITmS = ((hakidasi_vol / hakidasi_rate) * 60 + 2) * 1000 " & L i#H H> S 1R 2 5 H UFAR%

ec.COMnClose = ComPort ‘R— F &L %
End Function

A2-28 EFP=2—NQ 757 vavalvsEZ—FAS el T A

Function advance()
ec.COMn = 1'F— hEFORE(Z ZCTIIHA— bMEFZE 1ITHRE)
ec. WAITmS = 100 ‘% R#f 100ms
ec.AsciiLine = "00000000000000000000000000000000000000000000000"
ec. WAITms = 1000 ‘i Ff# 1000ms

End Function

A2-29 EV=2—10Q BEIt 2Ly NAS RS SA

Dim sentence(4) As String
Public dosilrate As Single
Public dosilvol As Single
Public column_num As Long
Public column_freq As Long
Public wait_time As Single
Public fill_time As Single
Public column_time As Single
Public dosidwrate As Single

‘o< RO®EE

Function inputcell)"EBI = Ly b~ T v a = THNRT A —F OFHRIY

Worksheets("Sheet1").Activate

Cells(2,3)="arT 4L a=r 7HEDENRTA—F"TU—7 32— NERT A—ZDFHIY

sentence(0) = "W EADOFE [ml/min]"
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sentence(l) ="4 7 AIZFKHT HAEE [ml]"
sentence(2) =" 7 2% [K]"
sentence(3) = "FEHEFEHL [[H]"
sentence(4) = "@HFHE [43]"

7
Fori=0To 4
Cells@ + 3, 3) = sentence(i)
Next 1

End Function

Function dositest) “BEit' = L > hDEET A k
Dim ComPort As Byte 'i"— NEHES
ComPort = 1'"HA— FEFEFHE(Z Z THE 1 IZRE)
ec.COMn = ComPort '"R— k Z B <
ec.Setting = "9600,e,7,1" W#{5 S~MH DR E
ec. WAITmS = 500 “FiF%R#f 500ms
ec.AsciiLineTimeOut = 1500 '# A A7 ¥ k% 1500ms (23 E
ec. WAITmS = 500 “F5HHEH] 500ms

ec.HandShaking = "X" "/~ K = A 7 XOn/XOff

ec. WAITmS = 500 “FHHEH] 500ms

ec.Delimiter = ec. DELIMs.CrLf '5° U X # 2 CrLf #i% &
ec. WAITmS = 500 'R 5000ms

ec.AsciiLine = "REM ON" V) &— M##fE% ON
ec. WAITmS = 4000 ‘%R 4000ms

ec.Asciiline = "DIR" “E#it'= L v ;% DIR E— FIZAEH
ec. WAITmS = 2000 ‘FF#KF# 2000ms

ec.AsciiLine = "DOS" “E#i = L v h % DOS £— NIZAH
ec. WAITmS = 2000 ‘F#H&RER] 2000ms

ec.AsciiLine = "REM OFF" ‘V & — ##E% OFF
ec. WAITmS = 4000 F#HRsfH 4000ms

a$ = ec.Ascii
MsgBox a$

ec.InBufferClear
ec.COMnClose = ComPort
End

End Function

Function dosimat() “EFht =L v M Lkbdarvs4va=r 77 a s T A
Worksheets("Sheet1").Activate ‘7 —27 > — + &7 7 7 1 71k
dosilrate = Cells(3, 4).Value 'V —72 > — k Dfi & dosilrate IZfUA
dosilvol = Cells(4, 4).Value 'V — 7 32— k D% dosilvol IZfGA
dosidwrate = Cells(9, 4).Value 'V — 7 > — k O % dosidwrate (ZfGA
column_num = Cells(5, 4).Value 'V — 7 > — k Offi % column_num IZfA
column_freq = Cells(6, 4).Value 'V — 27 +— s OfE % column_freq {ZfSA
wait_time = (dosilvol / dosilrate) * 60 + 1 '"&F&: & Jiiid ) S FEOFE ATV E 2 2 5% T
fill_time = (dosilvol / dosidwrate) * 60 + 1 "5 & JEE H> & A ERFH DO WL 5112 31 72 BEH] & 5% TE
column_time = Cells(7, 4).Value 'V — 7 3 — k) bR 2 Bfs

column_time = column_time * 60

Dim 1
Dim ComPort As Byte '""— N4 E.
ComPort =1'""R"— FE B EZREZ Z
ec.COMn = ComPort '~— %5 <
ec.Setting = "9600,e,7,1" "5 S D% E
ec. WAITmS = 500 ‘% R¢f 500ms
ec.AsciiLineTimeOut = 1500 '% A A7 v k% 1500ms (Z5%E
ec. WAITmS = 500 “FiF%R#f 500ms

ec. WAITmS = 500 “FHH#MER] 500ms
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ec.Delimiter = ec. DELIMs.CxrLf ' U X # % CrLf IZi% @
ec. WAITmS = 500 'R 500ms

ec.AsciiLine = "REM ON"'V & — M#HEZ ON
ec. WAITmS = 4000 ‘T3 [H 4000ms

ec.AsciiLine = "VUP " & dosilrate '3V > ¥ O AR IE % dosilrate DIEIZERE
ec. WAITmS = 500 “FFH:f] 500ms

ec.AsciiLine = "VDW " & dosidwrate '> U > P ~DOW B[ H % dosidwrate DEIZFRE
ec. WAITmS = 500 “FFH:f] 500ms

ec.AsciiLine = "VLI " & dosilvol T2 A &% dsilvol DEIZEEE
ec. WAITmS = 500 “FFH:f] 500ms

ec.AsciiLine = "REM OFF" 'Y £=— ~#fE% OFF
ec. WAITmS = 4000 ‘F#&EER] 4000ms

ec.AsciiLine = "REM ON"'J &— MHES ON
ec. WAITmS = 4000 'F#H&EER] 4000ms

For i=1 To column_freq'7 7 A FIEEI# % column_freq DIEIZEXE
For j =1 To column_num '/ 7 AFEAE % column_num OEIZFHE

ec.Ascil ="G" RIEHOFEA =~ FEE(E

UserForm1.Labell.Caption =j & "&AH" & i & "[E H DOFEATT" "UserForm1 DfmiE
UserForm1.Show (vbModeless) "UserForm1 % #/1~

Call wait(wait_time) "I & L C wait_time OE 721 #:%

Unload UserForm1 'UserForm1 % 3E#R~

ec.Ascii = "F" HEIHOW | o~ REEE

UserForm1.Labell.Caption =) & "AH" & 1 & "B H O% 5[ T3 'UserForm1 DfHiE
UserForm1.Show (vbModeless) "UserForm1 % #1<

Call wait(fill_time) "FFHEIRRT & L T fill_time OE 721 R

Unload UserForm1 'UserForm1 % JEF /R

If j < column_num Then
Call valve(4)
Sleep (300)
Call valve
Sleep (300)
End If
Next j

If i < column_freq Then 'column_freq F TOEIFEE VD K3
UserForm1.Labell.Caption = 1 & "[FIH ©O@EOFFHREETT, " & vbCrLf & "FFHIFEIL" &
column_time / 60 & "4y T3 ™" '"UserForm1 DR LRI D T~V 2Rt
UserForm1.Show (vbModeless) 'UserForm1 % 7R

If column_num <> 1 Then
Call valve(4, 0)
ec. WAITmS = 500 ‘FiH% ¢ 500ms
Call valve

End If

Call wait_min(column_time) 'FHERFR & L T column_time DA 721 1545
Unload UserForm1 'UserForm1 % 3E#R
End If

Next 1

If column_num <> 1 Then
Call valve(0, 4)
ec. WAITmS = 500 ‘FiH%RFf 500ms
Call valve
ec. WAITmS = 500 ‘¥ 500ms
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End If

ec.AsciiLine = "REM OFF" 'V &— M##aED OFF
ec. WAITmS = 4000 F#HRsfH 4000ms

ec.COMnClose = ComPort '"R— F ZH U %
MsgBox"2> 7 4 a =V J5ET"
ec. WAITmS = 500 “FHHER] 500ms

End Function

Function dosimat_separate(ByVal separate As Single, ByVal sepadwrate As Single, ByVal sepavol As
Single) ‘Bt =l v NMILABTLANBERT a7 Z A

ec.AsciiLine = "VUP " & separate 'sAZELHD 1 AJT#H % separate DEIZFRE

ec.WAITmS = 500 ‘FH§REH 500ms

ec.AsciiLine = "VDW " & sepadwrate IOV H|iE % sepadwrate DIEIZFEE
ec. WAITmS = 500 “FFH:f] 500ms

ec.AsciiLine = "VLI " & sepavol '&A &% sepavol DIEIZFXE
ec.WAITmS =100

ec.Ascii ="G" ‘RIJAEZTEA
ec.WAITmS = 1000 * sepavol * 60 / separate + 1000 ‘& & & kD> & AR % R b THp%

ec.Ascii ="F"  GIEIHDOE S|
ec.WAITmS = 1000 * sepavol * 60 / sepadwrate + 1000 ‘& & HE D> S AR 2 SR o TH%
End Function

A2-210 EV=2—1@ BIASLVTHI 0SS5 A
Public Amount As Long ‘USB ##tDE S

Private Const OPEN_EXISTING = 3

Private Const INVALID_HANDLE_VALUE = -1
Private Const DIGCF_PRESENT = &H2

Private Const DIGCF_DEVICEINTERFACE = &H10
Private Const GENERIC_WRITE = &H40000000
Private Const GENERIC_READ = &H80000000
Private Const FILE_ATTRIBUTE_NORMAL = &H80
Private Const CREATE_ALWAYS = 2

Private Const OPEN_ALWAYS =4

Private Const FILE_SHARE_READ = &H1

Private Const FILE_SHARE_WRITE = &H2

Private Const WAIT_OBJECT 0=0

Private Type GUID
Datal As Long
Data2 As Integer
Data3 As Integer
Data4(7) As Byte

End Type

Private Type HIDD_ATTRIBUTES
Size As Long
VendorID As Integer
ProductID As Integer
VersionNumber As Integer

End Type

Private Type HIDP_CAPS
Usage As Integer
UsagePage As Integer
InputReportByteLength As Integer
OutputReportByteLength As Integer
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FeatureReportByteLength As Integer
Reserved(16) As Integer
NumberLinkCollectionNodes As Integer
NumberInputButtonCaps As Integer
NumberInputvalueCaps As Integer
NumberInputDatalndices As Integer
NumberOutputButtonCaps As Integer
NumberOutputvalueCaps As Integer
NumberOutputDatalndices As Integer
NumberFeatureButtonCaps As Integer
NumberFeaturevalueCaps As Integer
NumberFeatureDatalndices As Integer
End Type

Private Type HidP_value_Caps
UsagePage As Integer
ReportID As Byte
IsAlias As Long
BitField As Integer
LinkCollection As Integer
LinkUsage As Integer
LinkUsagePage As Integer
IsRange As Long
IsStringRange As Long
IsDesignatorRange As Long
IsAbsolute As Long
HasNull As Long
Reserved As Byte
BitSize As Integer
ReportCount As Integer
Reserved2 As Integer
Reserved3 As Integer
Reserved4 As Integer
Reservedb5 As Integer
Reserved6 As Integer
LogicalMin As Long
LogicalMax As Long
PhysicalMin As Long
PhysicalMax As Long
UsageMin As Integer
UsageMax As Integer
StringMin As Integer
StringMax As Integer
DesignatorMin As Integer
DesignatorMax As Integer
DatalndexMin As Integer
DatalndexMax As Integer

End Type

Private Type SP_DEVICE_INTERFACE_DATA
cbSize As Long
InterfaceClassGuid As GUID
Flags As Long
Reserved As Long
End Type

Private Type SP_DEVICE_INTERFACE_DETAIL_DATA
cbSize As Long
devicepathl As Byte
devicepath2 As Byte

End Type

Private Type SP_DEVINFO_DATA

cbSize As Long
ClassGuid As GUID
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DevInst As Long
Reserved As Long
End Type

Private Type OVERLAPPED
Internal As Long
InternalHigh As Long
Offset As Long
OffsetHigh As Long
hEvent As Long

End Type
Private Declare Function HidD_GetHidGuid Lib "hid.dll" (ByRef HidGuid As GUID) As Long

Private Declare Function CreateFile Lib "Kernel32" Alias "CreateFileA" (ByVal IpFileName As String,
ByVal dwDesiredAccess As Long, ByVal dwShareMode As Long, ByRef lpSecurityAttributes As Long,
ByVal dwCreationDisposition As Long, ByVal dwFlagsAndAttributes As Long, ByVal hTemplateFile As
Long) As Long

Private Declare Function ReadFile Lib "Kernel32" (ByVal hFile As Long, ByRef IpBuffer As Byte, ByVal
nNumberOfBytesToRead As Long, ByRef IpNumberOfBytesRead As Long, ByRef lpOverlapped As
OVERLAPPED) As Long

Private Declare Function WriteFile Lib "Kernel32" (ByVal hFile As Long, ByRef lpBuffer As Byte,
ByVal nNumberOfBytesToWrite As Long, ByRef IpNumberOfBytesWritten As Long, ByRef
IpOverlapped As OVERLAPPED) As Long

Private Declare Function CloseHandle Lib "Kernel32" (ByVal hObject As Long) As Long

Private Declare Function HidD_GetPreparsedData Lib "hid.dll" (ByVal HidDeviceObject As Long,
ByRef PreparsedData As Long) As Long

Private Declare Function HidP_GetCaps Lib "hid.dll" (ByVal PreparsedData As Long, ByRef
Capabilities As HIDP_CAPS) As Long

Private Declare Function HidD_FreePreparsedData Lib "hid.d1l" (ByRef PreparsedData As Long) As
Long

Private Declare Function HidD_GetAttributes Lib "hid.d1l" (ByVal HidDeviceObject As Long, ByRef
Attributes As HIDD_ATTRIBUTES) As Long

Private Declare Function SetupDiCreateDeviceInfoList Lib "setupapi.dll" (ByRef ClassGuid As GUID,
ByVal hwndParent As Long) As Long

Private Declare Function SetupDiDestroyDeviceInfoList Lib "setupapi.dll" (ByVal DeviceInfoSet As
Long) As Long

Private Declare Function SetupDiEnumDevicelnterfaces Lib "setupapi.dll" (ByVal DeviceInfoSet As
Long, ByVal DevicelnfoData As Long, ByRef InterfaceClassGuid As GUID, ByVal MemberIndex As
Long, ByRef DevicelnterfaceData As SP_DEVICE_INTERFACE_DATA) As Long

Private Declare Function SetupDiGetClassDevs Lib "setupapi.dll" Alias "SetupDiGetClassDevsA"
(ByRef ClassGuid As GUID, ByVal Enumerator As String, ByVal hwndParent As Long, ByVal Flags As
Long) As Long

Private  Declare = Function  SetupDiGetDevicelnterfaceDetail  Lib  "setupapi.dll"  Alias
"SetupDiGetDevicelnterfaceDetailW" (ByVal DevicelnfoSet As Long, ByRef DevicelnterfaceData As
SP_DEVICE_INTERFACE_DATA, ByVal DevicelnterfaceDetailData As Long, ByVal
DevicelnterfaceDetailDataSize As Long, ByRef RequiredSize As Long, ByVal DeviceInfoData As Long)
As Long

Private Declare Function RtIMoveMemory Lib "Kernel32" (dest As Any, src As Any, ByVal Count As
Long) As Long

Declare Function CreateEvent Lib "Kernel32" Alias "CreateEventA" (IpEventAttributes As Long,
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ByVal bManualReset As Long, ByVal bInitialState As Long, ByVal lpName As String) As Long

Private Declare Function GetOverlappedResult Lib "kernel32.dll" (ByVal hFile As Integer, ByRef
IpOverlapped As OVERLAPPED, ByRef lpNumberOfBytesTransferred As Long, ByVal bWait As
Boolean) As Integer

Declare Function WaitForSingleObject Lib "Kernel32" (ByVal hHandle As Long, ByVal dwMilliseconds
As Long) As Long

Dim g_hDevice As Long
Dim g_nInputSize As Long
Dim g_nOutputSize As Long

Function valve(ParamArray MyVal() '"EE)/ L 7 Ol 7 1 o —2 ¥ —
Dim i As Integer 'For (ZfEfH4 2841 255
Dim num(7) 'num & W5 4RI CRSIAIE LCTES
Sheets("Sheet1").Activate
Amount = 255 '16 S 2 HA I 95 2% Amount (2 1Byte THRIL T 2 KD 255 2R T

Fori=0To 7
num@) = 2 * i num(0)7* 5 num(7) E TIZ 221 OfEZ A
Next 1

Call Connect

For i = LBound(MyVal) To UBound(MyVal) 'MyVal iZ 7] ZE513Tdh 0 . BIEOEIZ TN —T%1T 9
Amount = Amount - num(MyVal(Q)) '2 D 5153 (24 5140 D%z 255 72551 <
Next 1

Call Send 'USB Ci(fE&1TH> Vmy—T v —
End Function

Private Sub Destroy()
If g_hDevice <> INVALID_HANDLE_VALUE And g_hDevice <> 0 Then
CloseHandle g_hDevice
End If
g_hDevice = INVALID_HANDLE_VALUE
g_nInputSize = 0
g_nOutputSize =0
End Sub

Sub Connect()
Dim nVendorID As Long
Dim nDevicelD As Long
Dim ret As Long
Dim dwIndex As Long
Dim hDevInfo As Long
Dim sDevicelnterfaceData As SP_DEVICE_INTERFACE_DATA
Dim DetailData As Long
Dim sDevicelnterfaceDetailData As SP_DEVICE_INTERFACE_DETAIL_DATA
Dim Needed As Long
Dim strDevicePath As String
Dim hDevice As Long
Dim sHidpCaps As HIDP_CAPS
Dim NumMax As Integer
Dim guidHid As GUID
Dim PreparsedData As Long
Dim dwCount As Long
Dim strBuff As String

Destroy
Worksheets("Sheet1"). Activate ‘V—2 3 — &7 77 4 74k
strBuff = Cells(2, 1)
nVendorID = Hex2Long(strBuff) ‘7 —2 3 — k55 Vendor ID % #tAiA
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strBuff = Cells(2, 2)
nDevicelD = Hex2Long(strBuff) ‘U —2 3 — k5 Device ID % HiAiAH
ret = HidD_GetHidGuid(guidHid)

hDevinfo = SetupDiGetClassDevs(guidHid, vbNullString, 0, (DIGCF_PRESENT Or
DIGCF_DEVICEINTERFACE))
dwlndex =0

sDevicelnterfaceData.cbSize = LenB(sDeviceInterfaceData)

Do While (SetupDiEnumDevicelnterfacesthDevInfo, 0, guidHid, dwIndex, sDeviceInterfaceData))
dwIndex = dwlndex + 1
ret = SetupDiGetDevicelnterfaceDetail(hDevInfo, sDevicelnterfaceData, 0, 0, Needed, 0)
Dim DetailDataBuffer() As Byte
DetailData = Needed
sDevicelnterfaceDetailData.cbSize = Len(sDeviceInterfaceDetailData)
ReDim DetailDataBuffer(Needed)
RtlMoveMemory DetailDataBuffer(0), sDeviceInterfaceDetailData, 4
ret = SetupDiGetDevicelnterfaceDetailthDevInfo, sDevicelnterfaceData,
VarPtr(DetailDataBuffer(0)), DetailData, Needed, 0)

If ret Then
Dim pBuff( As Byte
ReDim pBuff(Needed - 6)

For i =0 To Needed - 6
pBuff(i) = DetailDataBuffer(i + 4)
Next

strDevicePath = pBuff

hDevice = CreateFile(strDevicePath, GENERIC_READ Or GENERIC_WRITE,
(FILE_SHARE_READ Or FILE_SHARE_WRITE), 0, OPEN_EXISTING, 0, 0)

If hDevice <> INVALID_HANDLE_VALUE Then
Dim sHiddAttributes As HIDD ATTRIBUTES
ret = HidD_GetAttributes(hDevice, sHiddAttributes)

If ret And sHiddAttributes.VendorID = nVendorID And sHiddAttributes.ProductID = nDevicelD
Then
ret = HidD_GetPreparsedData(hDevice, PreparsedData)

If ret Then
ret = HidP_GetCaps(PreparsedData, sHidpCaps)

If ret Then
g_nInputSize = sHidpCaps.InputReportByteLength
g_nOutputSize = sHidpCaps.OutputReportByteLength

For 1 =0 To g_nOutputSize — 1
Cells(5, 5 +1i) = "00"
Next

For i = g_nOutputSize To g_nOutputSize + 5
Cells(5, 5 +1)=""
Next

For i =0 To g_nlnputSize + 5
Cells(7,5+1)=""
Next
End If

HidD_FreePreparsedData PreparsedData
If ret Then

g_hDevice = hDevice
Cells(15, 2) = "2l C B LE L2, " & vbCrLf & "PC>FT NA ZA~DF —Z ¥ 4 X 1" &
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g nOutputSize & "3 ~" & vbCrLf & "7 /A A->PC ~DFT — X ¥4 X(L" & g_nlnputSize & "/
A4 hCTH, "

SetupDiDestroyDeviceInfoList hDevInfo
Exit Sub
End If

End If
End If
CloseHandle hDevice
g_hDevice = INVALID_HANDLE_VALUE
End If
End If
Loop
SetupDiDestroyDeviceInfoList hDevInfo
Cells(15, 2) = "Hfelc R L & L7z, "
End Sub

Function Send()
Dim sOverlapped As OVERLAPPED

If g_hDevice = INVALID_HANDLE_VALUE Or g_hDevice = 0 Then
Exit Function
End If

sOverlapped.hEvent = CreateEvent(0, False, True, ")
Dim dwWait As Long

Dim dwWritten As Long

Dim pBuff() As Byte

Dim strSendedData As String

ReDim pBuff(z_nOutputSize)

Cells(5, 6).Value ="20" ‘~Af 7 narsta—H—av K Y AN%. FEREShEHEE2FET
Cells(5, 7).Value = "1" “‘J1 A 38 &5 (2T ON 129 5)
Cells(5, 8).Value = Hex(Amount) ‘16 5 ~Z544

For i = 0 To g_nOutputSize

pBuff() = Hex2Long(Cells(5, 5 + 1))

strSendedData = strSendedData & " " & Byte2Hex(pBuff(i))
Next

pBuff(0) =0

ret = WriteFile(g_hDevice, pBuff(0), g nOutputSize, dwWritten, sOverlapped)
ret = False

dwWait = WaitForSingleObject(sOverlapped.hEvent, 1000)

If dwWait = WAIT_OBJECT_0 Then
ret = GetOverlappedResult(g_hDevice, sOverlapped, dwWritten, True)

If ret Then
Cells(15, 2) = "HEIZKThLE L=, " & vbCrLf & "1 /34 FHIX 100 EETT, " & vbCrLf &
strSendedData

End If
End If
End Function

Private Function Hex2Long(strHex As String) As Long
Hex2Long = Val(IIf(Left(strHex, 1) = "&", "", "&H") & strHex)
End Function

Private Function Byte2Hex(cbData As Byte) As String
If cbData < &H10 Then
Byte2Hex = "0" & Hex(cbData)
Else
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Byte2Hex = Hex(cbData)
End If
End Function

A2-211 EVa2—N0G arFa4a=ry, SERER v S5 A

Public washwith_rate SEFRVITAE T D OB

Public washwith_vol FPRDHEH T2 EEDEEK
Public sample_rate FRBHR B D it iR 0D 25 %k
Public sample_vol TRBHREL D2 B O
Public HNO3_3Mrate "1 T LY O REIE DR ZE K
Public HNO3_3Mvol T LY D RNEE O B

Public HNO3_01Mrate  "WAHfEDREEE ORI $K
Public HNO3_01Mvol VREE DR O R BER
Public separate_waittime 'fFHEEE O

Sub program( 'BitAHR ¥ L 2T L TCar T v a =T OTa s T AN
Dim msg As Integer
msg = MsgBox("7'11 7' F A& B L 9222 ", vbYesNo)

If msg = vbNo Then
MsgBox "7/’ 7T AEKT LET"
End

End If

Call inputcell & ¥ = — /1@ D %k inputcell DFEFOYH L

UserForm5.Show (vbModal) 'UserForm5 O FEUN L

Call Connect

Call valve

Call Record(0)

Call dosimat "B = —/L QD %L dosimat OFEONH L
End Sub

Sub separate_program() 'yE & BRI EHFO T 0 — T p —
Call main
Worksheets("Sheet2").Activate
UserForm6.Show (vbModal)
Call Record(1)

separate_waittime = separate_waittime * 60
ec. WAITmS = 100

Call valve(0, 4) "NV 77L& % No.1 (2285 (Beid A fHER)
ec. WAITmS = 300

Call valve
ec. WAITmS = 300

UserForm1.Labell.Caption = ":#t\ 41 T3 "UserForm1 % gtk
UserForm1.Show (vbModeless) 'UserForm1 % 7~

Call pump_suikomi(washwith_rate, MM, washwith_vol, ML) 'v/V > P D34 B4
Call valve(1, 4 'SV 7AriE % No.2 (22 H(FERAN)
ec. WAITmS = 300

Call valve

Call pump_hakidasi(washwith_rate, MM, washwith_vol, ML) '3V > P02 T
ec. WAITmS =100

UserForm1.Label1.Caption = "sUEHE B TF™" 'UserForm1 % ffE

Call valve(0, 1,4) "NV (ii{& % No.3 (228 (Sr #EH)

ec. WAITmS = 300

Call valve
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Call pump_suikomi(sample_rate, MM, sample_vol, ML)
ec. WAITmS =100

Call valve(2, 4) "NV T (&% No.4 \[CEFE(H T L)
ec. WAITmS = 300

Call valve
Call pump_hakidasi(sample_rate, MM, sample_vol, ML) ZREMEEHK T4, T 2T
UserForm1.Labell.Caption = "5 T 5 HIFH" "UserForm1 % e

Call wait_min(separate_waittime) FUEHBK DM, #RIEE 1514

Fori=1To 10 '# T AWEEDOE
UserForm1.Labell.Caption ="7 7 A" &1 & "[BIH"
UserForm1.Show (vbModeless)
ec.COMn =1 BM BRI HER E 2 Ly FOR— MEBSLRIE
Call dosimat_separate(HNO3_3Mrate, HNO3_3Mrate, HNO3_3Mvol) i & & &% 7% €
Call wait_min(separate_waittime) 'PEEHBIROM . BE L FRi%
Nexti 'B 7 AWHFOKT

Unload UserForm1
Call advance

Fori=1To 10 'Sr OREE
UserForm1.Labell.Caption = "W T" &1 & "[BIH"
UserForm1.Show (vbModeless)
ec.COMn=1 '0.0IM f§EHEBE =2y hOFR— FESEZRE
Call dosimat_separate(HNO3_01Mrate, HNO3_01Mrate, HNO3_01Mvol) i & & &%
Call wait_min(separate_waittime) "VREEIREIKOM. #HR1EE 5
Nexti 'Sr OEEKT

£

R

Unload UserForm1
sample_vol = 1 + sample_vol

Fori=0To4 'V YOukifEsme) LA
UserForm1.Labell.Caption =1+ 1 & "[E B ORSERYEE T4
UserForm1.Show (vbModeless)

Call valve(0, 4)

ec. WAITmS = 300

Call valve

Call pump_suikomi(sample_rate, MM, sample_vol, ML)

Call valve(1, 4)

ec. WAITmS = 300

Call valve

Call pump_hakidasi(sample_rate, MM, sample_vol, ML)
Nexti 'V P OW GERK T

Fori=0To3 '>' Vv OukiEOKHA
UserForm1.Labell.Caption =1+ 1 & "[FI H ®/KFE#H T
Call valve(2, 0, 4)
ec. WAITmS = 300
Call valve
Call pump_suikomi(sample_rate, MM, sample_vol, ML)
Call valve(1, 4)
ec. WAITmS = 300
Call valve
Call pump_hakidasi(sample_rate, MM, sample_vol, ML)

Nexti 'V o POvE#GOKT

Call wash_tube 'J = — 7 O¥ixBAth
Call valve(0, 4)

ec. WAITmS = 300

Call valve

Unload UserForm1

MsgBox "/HENET LE LZ"
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End Sub

Sub program_interrupt()
Dim ComPort As Byte '"R— FEHES
ComPort = 1 "EE LT DR— FEZEHTE
ec.COMn = ComPort '"K— + Z B <

ec.Ascii ="S"
ec. WAITmS = 100

ec.AsciiLine = "REM OFF"
Call valve(0, 4)

ec. WAITmS = 200
Call valve
End

End Sub

Sub separateprogram_interrupt()

ec.COMn=1 “EE LT DOR— b ESERTE
ec.AsciilLine ="0 STP"
ec.COMn=1 ‘“EEBINLTOR— N FEEEHT

ec.Ascii ="S"
ec.COMn=1 “EEILTDR— FEBSER

s

ec.Ascii ="S"
Call valve(4, 0)
ec. WAITmS = 200

Call valve
ec.COMnClose = -1

End
End Sub

Function wash_tube(
MsgBox "BEIRAILLUAN DT 2 — T ZKIZANTL 72 &0

Fori=0To 2
Call valve(0, 1, 4)
ec. WAITmS = 300
Call valve
Call pump_suikomi(6, MM, 3, ML)
ec. WAITmS = 500
Call valve(0, 4)
ec. WAITmS = 300
Call valve
Call pump_suikomi(6, MM, 3, ML)
ec. WAITmS = 500
Call valve(2, 4)
ec. WAITmS = 300
Call valve
Call pump_suikomi(6, MM, 3, ML)
ec. WAITmS = 500
Call valve(2, 0, 4)
ec. WAITmS = 300
Call valve
Call pump_suikomi(6, MM, 3, ML)
ec. WAITmS = 500
Call valve(1, 4)
ec. WAITmS = 300
Call valve
Call pump_hakidasi(12, MM, 12, ML)
ec. WAITmS =100
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Next 1

MsgBox "F 2 —7 DG & BRI AU AN T &0
Call valve(2, 1, 4)
ec. WAITmS = 300

Call valve

Call pump_suikomi(20, MM, 20, ML)
Call valve(0, 1, 4)

ec. WAITmS = 300

Call valve

Call pump_hakidasi(12, MM, 5, ML)
Call valve(0, 4)

ec. WAITmS = 300

Call valve

Call pump_hakidasi(12, MM, 5, ML)
Call valve(2, 4)

ec. WAITmS = 300

Call valve

Call pump_hakidasi(12, MM, 5, ML)
Call valve(0, 2, 4)

ec. WAITmS = 300

Call valve
Call pump_hakidasi(12, MM, 5, ML)

End Function

A2-212 EV2—10 @A v ST A

Public Declare Sub Sleep Lib "Kernel32" (ByVal dwMilliseconds As Long)

Function wait(ByVal time As Long) 'fH$H 7' 1 7' F A FBiAATEITIEIMMNIZE SR, E5 2 AT
Dim i As Integer

Fori=0To 999 '0 7% 999 £ T, 1000 [FD/L—7
DoEvents 'OS (2L =&
Sleep time 'time 772 H &2 AL D
Next 1
End Function

Function wait_min(ByVal time_min As Long)
Dim i As Integer

For i=0 To 999
If i Mod 10 = 0 Then
UserForm1.Label2.Caption = "f##+" &1/ 10 & "%"
End If
DoEvents
Sleep time_min
Next 1

UserForm1.Label2.Caption =""
End Function

Function Record(ByVal Pu As Integer) '2 7 Otk A7 0 v — v —
Worksheets("Sheet3").Activate
Dim i As Integer
Dim Rectext(9)
i=0
Do While CellsG + 1, 1) <>""
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DoEvents
i=1+1

Loop

Cells(i + 1, 1) = Now

If Pu=0 Then
Worksheets("Sheet1").Activate

Forj=0To 4
Rectext() = Cells( + 3, 4)
Next j

Worksheets("Sheet3").Activate

Forj=0To 4
Cells( + 1, j + 2) = Rectext(j)
Next j

Elself Pu=1 Then
Worksheets("Sheet2").Activate

Forj=0To 9
Rectext(j) = Cells( + 3, 4)
Next j

Worksheets("Sheet3").Activate
Forj=0To 9
Cells@ + 1, j + 6) = Rectext(j)
Next j
End If
End Function

Function unit_change()

Call main

ec.COMn =1

Call dosimat_separate(60, 60, 20)
End Function

Sub pump_adjust()
Fori=0To 5
Call pump_suikomi(3, MM, 1, ML)
Call pump_hakidasi(3, MM, 1, ML)
Next i
End Sub

Function main() 'COM R— &P & @BERE LT O B
Call valve
ec.COMn=1 '"VU VPRV TOBEERE, A— FEEOHE

ec.Setting = "9600,n,8,1" W#(E S DR E
ec.AsciiLineTimeOut = 1500 '% A A7 U hRE
ec.HandShaking ="N"'""~> K> =1 772 L
ec.COMn=1 'SMAEHEH =Ly NOBEHRE, A— FEZOK
ec.Setting = "9600,e,7,1" WWIESAEDORE

ec. WAITmS = 500

ec.AsciiLineTimeOut = 1500 '% A A7 U hRE

ec. WAITmS = 500

ec.HandShaking = "X" "/~ K = A 7 XOn/XOff

ec. WAITmS = 500

ec.Delimiter = ec. DELIMs.CxrLf ' U X #Z CrLf #i% €
ec. WAITmS = 500 "R 500ms

ec.AsciiLine = "REM ON"'V & — M &HE ON
ec. WAITmS = 4000
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ec.COMn=1 '0.01M BB = L v MEERE, N— FE5D

ec.Setting = "9600,e,7,1" W#{5 S~MH DR E

ec. WAITmS = 500

ec.AsciiLineTimeQOut = 1500 '# A A7 v iR E

ec. WAITmS = 500

ec.HandShaking = "X" "/~ K3 = o 7 XOn/XOff

ec. WAITmS = 500

ec.Delimiter = ec. DELIMs.CrLf'5" V 2 #(Z CrLf %7 E
ec. WAITmS = 500 "% R#f 500ms

ec.AsciiLine = "REM ON" 'V & — M #HE ON
ec. WAITmS = 4000

ec.COMn=1 '"79 7 aval /X —@E&RE, "— bEE5D
ec.Setting = "9600,n,8,1" WH(E S DR E
ec.AsciiLineTimeOut = 1500 '% A A7 U hRE
ec.HandShaking ="N"'""~> Ko = A 772 L
ec.Delimiter = ec. DELIMs.CrLf
ec.OutBuffer = 100& * 1024&

End Function
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