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Abstract

Abstract

Glyoxylic acid, HOOC-CHO, is an important fine chemical. The molecule
contains aldehyde and carboxyl that can react with many compounds by reduction
reaction. It can be widely used in the synthesis of perfumery, medicine, pesticide,
cosmetic, paint, leather, papermaking and so on. There are many ways to synthesis
glyoxylic acid. Among them the electrosynthesis method which employs electron as
oxidant or reductant, can significantly reduce pollution. It can also decrease energy
and raw material consumption. So this kind of synthesis method shows huge
advantages. There are mainly two kinds of electrosythesis methods: electroreduction
oxalic acid and selective electrooxidation glyoxal. The electrosynthesis of glyoxylic
acid with non-expensive raw material, simple process, little byproduct, easy
separation products, high quality, mild reaction conditions, and no "three wastes"
pollution characteristics, has attracted wide attention. This work was mainly aimed at
the systemic and in—depth studies of electrocatalysts and reaction process and
mechanism, two key scientific issues in the electrosynthesis of glyoxylic acid. The
following important results have been obtained.

1. Based on ion chromatography technology, we have developed a new method
that combines ion chromatography with a conductivity detector to separate and
determine the substances of glycolic acid, glyoxylic acid, glyoxal and oxalic acid. The
method was applied for the first time in quantitative determination of substances
involved in the electrosynthesis of glyoxylic acid. In the synthesis of glyoxylic acid,
the main species existing in the electrolyte is glycolic acid, glyoxylic acid, glyoxal
and oxalic acid. Since the structures of these four substances are similar, quanlitative
and quantitative analysis are often difficult to achieve simultaneously. The existing
methods and techniques for the analysis of these four substances are not satisfactory.
Each method may have one or more disadvantages. With the newly developed method,
we have achieved: (1) In the process of electroreduction oxalic acid to glyoxylic
acid, the main species existing in the electrolyte are glycolic acid (byproduct),

glyoxylic acid (main product) and oxalic acid (reactant). When 4.8 mM NaHCO; +
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6.0 mM Na,CO; was the eluent, the peak of oxalic acid was well separated from the
others in addition to glycolic acid together with glyoxylic acid. The standard
calibration equation can be obtained from the detection of the standard solutions
under the same experimental conditions. So, quantitative determination of oxalic acid
has been achieved. The overlap of peaks for glycolic acid and glyoxylic acid arises
difficulties for qualitative and quantitative analysis of them. Fortunately, changing the
concentration of the eluent, that is, using 0.40 mM NaHCO; + 0.50 mM Na,COs as
the eluent, glycolic acid and glyoxylic acid can be completely separated and
simultaneously detected; (11) In the process of electrooxidation of glyoxal, the
electrolyte mainly contains glyoxylic acid (main product), oxalic acid (byproduct) and
glyoxal (reactant). Selecting 4.8 mM NaHCO; + 6.0 mM Na,COs; as the eluent,
glyoxylic acid and oxalic acid can be simultaneously detected. For glyoxal, it is a
neutral molecule, not existing in the form of an ion. According to the detecting
principle of ion chromatography with conductivity detector, the substance of glyoxal
could not be directly detected. However, glyoxal is an active molecule that can be
easily converted to glycolic acid by catalyst of strong base such as sodium hydroxide.
So we skillfully select 2.0 mM NaOH + 0.05 mM Na,CO; alkaline solution as the
eluent. We discover that there is a strong peak in the ion chromatogram. Its retention
time just coincided with that of glycolic acid. With this discovery, the quantitative
determination of glyoxal has been done.

2. Study of the reaction process and mechanism of electrosynthesis glyoxylic
acid at molecular level using electrochemical in situ FTIR spectroscopy. There are
few reports about the reaction mechanism study for electroreduction oxalic acid and
electrooxidation glyoxal. Electrochemical in situ FTIR spectroscopy was applied for
the investigation of electroreduction oxalic acid and electrocatalytic oxidation of
glyoxal into glyoxylic acid at molecular level. It is significant to understand the
reaction process and provide direct experimental evidence for reaction mechanism of
electroreduction oxalic acid and electrooxidation glyoxal. ( 1 ) MSFTIRs, SPAFTIRs
and TRFTIRs were used to study the electroreduction of oxalic acid on bulk and
nano-Pb/GC electrodes. The results of MSFTIRs and SPAFTIRs demonstrate that the

v



Abstract

redox potential for the electroreduction oxalic acid on nano-Pb/GC is more positive
than that on bulk Pb electrode. And the results of TRFTIRs illustrate that the time to
detection of glyoxylic acid production on nano-Pb/GC is shorter than on bulk Pb
electrode. So, it can be concluded that nano-Pb/GC exhibits higher electrocatalytic
activity than bulk Pb electrode. (1i) MSFTIR spectroscopy was applied to study the
process of electrooxidation glyoxal on Pd/GC, Pb/GC and Pb-Pd/GC electrodes. The
results demonstrated an order of the initial oxidation potential for glyoxal is
Pb-Pd/GC (0.95V) < Pd/GC (1.00V) < Pb/GC (1.15V). It illustrates Pb-Pd/GC binary
electrocatalyst has better catalytic activity than mono-metal electrocatalyst (Pd/GC or
Pb/GC).

3. Preparation of various Pb-based metal electrocatalysts by electrochemical
method. As we all know, clectrode is a media for electronic transfer, and also a
catalyst reacting with species involved in reaction, is important for electrochemical
reaction. So it is essential to search and prepare electrocatalysts with high catalytic
performance. We have done: (1) In the reaction of electroreduction oxalic acid,
cyclic voltammetry, chronopotentiometry and potential step were used to prepare
Pb/GC, Bi-Pb/GC, Pt-Pb/GC and Pd-Pb/GC electrocatalysts. The field emission
scanning electron microscopy was applied to character the morphologies of each
electrocatalyst. The catalytic activities for electroreduction oxalic acid of every
electrocatalysts were studied by chronopotentiometry and ion chromatography. The
catalytic activity of nano-Pb/GC prepared by chronopotentiometry is higher than that
of bulk Pb electrode. Pt-Pb/GC has not catalytic activity for electroreduction oxalic
acid. The selectivity towards glyoxylic acid for Pd-Pb/GC is slightly better than that
for Pb/GC electrode. (ii) For the selective electrooxidation glyoxal, cyclic
voltammetry was used to prepare Pb/GC, Pd/GC and Pb-Pd/GC electrocatalysts of
different composition. The catalytic activities of various electrocatalysts for
electrooxidation glyoxal were studied. These electrocatalysts for the selectivity
towards glyoxylic acid are very high in 89~95%. But about the conversion of glyoxal,
Pb-Pd/GC is better than Pb/GC or Pd/GC. So it can be concluded that the catalytic

activity of the binary metal electrocatalyst Pb-Pd/GC is better than mono-metal
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catalysts (Pd/GC or Pb/GC).

4. Design of a flow electrochemical microreactor, and fabricate an array of
microelectrode with different scale by MEMS technology, and carry out preliminary
relevant study. Since the rise of microreactor technology in mid-1990s, it has been
successfully applied to many liquid reactions, gas-liquid reactions, photochemistry,
electrochemistry, gas reactions and so on. Microreactor has been industrially used for
drugs and fine chemicals synthesis. It shows huge value in the field of fine chemicals
because of its own characteristics and advantages. According to the characteristics of
glyoxylc acid synthesis, we use MEMS technology to prepare comb-microelectrode
array and fabricate the corresponding flow microreactor. A relevant preliminary study

has been carried out.

Key words: glyoxylic acid, ion chromatography, in situ FTIRs, microreactor
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2CH,=CHCN +2H,0 +2¢° —— > NC(CH,),CN+20H  (1-2)
T O i e Je-66 i rh a4, PRI — R V.4 2 Bl 196547 K E i 1L 47
(Monsanto) 74w P a7 4E7712,0000 (12,000 t/a) FUAM O & 1),
AR K EN75,000 t/a, FEYKFI150,000 ta FE. 70E4CE, fEE. H AR5 E
ARG T A B B LT s, AR o i O S
LT B

UL, 19644 3 E 44 )R BT 462 v w] (Nalco Chemical Co.) R HI#% X
(Grignard) X FCoHsMgCLS IR R N, SR DY £ LA (1) L5 1l

4C,HsMgCl+Pb  ——>  Pb(CHg)s + 4MgCl" + 4 (1-3)

EEAE 13,0000 P4 ZIEET IR HUfE 1T

i LIS W) NG SRR A 27 2 ) 1) SR ART T A WL 5 R Je SRR — 0L, A
AL BEEN T TR . IIELLRS, A AL S 1 FLAb 235 1 R AL
W2 SNV EL R4S 31 T 2R, T HL LA AL Bk SR 1 Y A AS B
M. VP2 BRI LA S 20 R A A AR A = A B 5, S 2 44
N3IMAHE L B 2E AT (Dow Chemical Co.) #3824 % (Du Pont Co.) , f#
] 7 B8 R (BASF) A ] i 7] 5 23 7] (Hoechest Co.) , 5 [F [ 4 HL 25 23 &) (Holliday
Co.) », HAMJUA AT . KREMZ AT, B s s Al 2050 BRI T IR )
—EEANVAHGRIF R T —LE AL IR A AR

UEAFESR, TSR b S B 5 LA 2 A i R e R, B A L AL
FA AR R S S ZE AR R AN . T T 20 2080 AR £ 5 TS
— T LR 2R F R K S, 201490 FARE N 2 KA L)
J Ty Hb Aok P R LA IR SV AR P LR o A DR A A b R R A
EIRERIIAGEWMIR 2 . BEEA PSS BeE R H a6 s, A B AL 200 50k
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(1) RNEZEER], T2RERER; ERa R NAARS, WY
KON PAASREFE AT LRI BEAT o BRI & S4B Al B, Redik A T 2, b s
A

() fEN 2 E BAEREAR R eGSRt fEd, nl o el g
RL B AN TR IR ™= i, A SN o) T 7 1) BT, I 0] DATE ek oA Febl FL A, 01 S Y
MR, RN AR S BCRRIE R

(3) ANFF LT A B S R AR RE S5 51, PR 48 i 5

(4) WAL N I S N AE Wl EAS AR QR ETs 3y SEELR), J5
W EANTG B B e E B A AR IR 5, 98> T AR, AT T IR
B, e MEEAT =R PRAERNETE L2

(5) [RVAAFIRAN, [ — e i B R ST, ORI, B
(& S N E P

(6) HHLEA RSN EAAYE, A LALE R — M o AT 2 Fh G S
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AL G B ARAAAE (1) — 2ol S 2 TR g . P OGBS il 2 — 2
PR O AR A AT SIS AR N R S Wi o (Nt . Bl #h5%) , A Reflif
BLFRLAR S N R BEAT o SCHF FLR ST NN S5 A HL ARG 1A 3R A7 SRV 2 AR R,
WA AR SO, AR Y (R B E R B s T oh, VI 2 AR FRAR 5 2 H bR I )
B BE A = R B AR 2, B9n 1 M P BEURI v PR, (Sl s R R FE Y s[RI =400 4
BINAE, $ém T L 2ME MR AR . VISR R R 2, B A
LA B N 26 DAAL, 225 S8 MR . Mg HAM R SE I 3R, IR Ao
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REFIVRE BAFAERE AL Z AL, (H2EIIIL R ELAWTZE D (R 2 B AL
FHNATTR & BB . AR AL A AL & RIS R 2 T, ATl A
LTEPNE g ST EN (e S U NP < B TR @ o N ik & 5 R N T BT S R
BEHAL A LS B, AT HLHL & i) B BOROr32, Airss s ) i o

§1-2 ZHBEE T A

LR (Glyoxylic Acid, GA) XA —FRBEIR. MR, J& M () B R .
afi i QPRI O A g i, 98T, WA, STk, RNt
BRI B, KRR IRBCE R E , —BTAR i N20% . 40% H150% (wt%, )
IR . BRI SRR ATAE T VF 2RI AN R SE e B8 5 ) 2 21

AR, e Tl EMEEAOR S N T A s 2. L, BEEEAZ25FRA
Wik g, WEMARL. B2y, Aol 5 T IREUR i, LR I SR S i by i .

$1-2-1 ZRBHMEZEREREENX
L (HOOC-CHO) 4y Pl & BEEARIL, 52L& A A4

ELNG, TTRMNHFERARL R R At . PR, AR T,
N PR ) R IR AT 4
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AR HEOAMA O, EWMMEAIEEEg G, S, RS —RIIR
WM B 22 30— Ph B g kL, AT (K i SR, Rkl
b R R, Nz YR IR, N T (UK, B
Tyl JJRIDETAE) OBk I At SR 2 AR RS RS, wT TR
AR ECAR Tl s B AE BB NP A FIAE D6, ARl b PR )55 3 4b
LR EEMG A TR, AR AR PR f, 03,4,5-— AU
FHEE (TMB) « HMEE (3, 4- " WAEIEEFE) . LR,
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(2) LEF=R

LHEF L F RN AT, KA R & 2R 3~4.5 f5, &<
Mg, 72T &R At WL WERRTT, BB AR
SRR

(3) VEARAME LR M 7

LA TR FIAR 2R Iy U I Jsokst, T CARRIASAE SRR, E 3 T28406. B &
e A R Ty L AR G e TN A K SRR S D ARSI

. ARRERT

LBEMRIN o — KA@M IR B o JRFEFA N — P R AL = dh, 4
PR B AR AR, AEDS 25T, JRPER BATRIFARN

Ko (EREANMIIE R, 2 S B D IR A @50, Alvadr BT RE . Bk 1R
DR R Past S, IFRTEBER . BRI IPREAL . e iEAT BLAF 1Ry R A
P A A it Uk, R LR B R BT D A At TS IR,
IRFER M S AT HE . SRk WACRIBT 1Rk 7y BOR « AR BT, Hiasss
TR, AR E AT, IR RATSEI AL EE . AEAR L EJRFE SIS /N
MRS KA SRS, REAEATIE ™ R EAE . Behh, JREEFIERIT R
LR AN LIRS A T R

v I 2 R 3 A ]

(D X H R

LR T SO EEA TR, HT A W EaR. L, LT
Wi kAP ESEDIR R 4.

(2) XHRIEIH LR

CETR 5 R 46 HE N PR 3R GRETR , 2030 JR AT BN EER LR « WA
SRR, HATFE 2 T8 bt i s 25 B 2y R 1 a4 DRl ik
SR G RIT WARER . B GRS R A R R T
IR S FRIEIR CWESE o WRFEIR LIRIE 2 1 45 /KA A% HUR 05 2 Wi ) v )
e, Clg5lE (R ICA TR A& 7K A% FHFH 3 MRS S HORI AL () it e o R 4F,
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My W HREE R SR 2 M B 2y Ak, H Tl R s fth 5 2 M 2

(3) F LR Umtkiz) ©

IR S RN AWE N, 48513 2 kIR . kIR T30 i XS ik
RE I BEER Omi kIR — FHIEIR R D FH R % 5% BRI DR R S5 9% HE v, 3%
A, RESE o

(4) PRI H g

LWETR 5 ORTRAE R 46 A A R 0K CREIR, S5k iR A3 B0 R R/
i, HTHISERL, B2y, WM R,

(5) HK 2K

R CIRATE R FRY 2 N T ] ER R B ARG s o VR 2T 4 = k(B ) A
BERESE A PSRRI R TR R TA 2o ol ot %%
CTEMR . a -RFEM I S T RN PRES

(6) 2 fifIR N s

CWERR ] T 5 Gz IR N IR, T2 IR N IR S B— N U m] 5 R dl 2 R AT
d-Z MR, CUS#HNE, madid2= BS, & TR, B2,
PRfil iE FRam AR5, AT A ARG 7. 2R IR T e TA iz
B, ZREN AR BS, EH T At S il ) (s il o

PR 2 B a) 4
(1) 2-FEFEr ™ 12
W AR M SRR A TP R R TR IZ (DME) JK W, AR M 485
0 RN B 2-F2 BRI o 293 Hm bk 5 £ B S0 S R A 7 ) o7 R 7
ik, FFRivA R MR A R AR 2 B VR (¥l W RN g = 1 2 o L
U S ORI o 2- R s S T] T AR R R AOR b R R R A
2 fric IR, T T RA ST BR AU s 23 i IR a4 T O BT 24 A e R R
FCIGBNEAE A - T AR TR I
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v HEEhFESER
(1) 2- BRI LM (HPA) 2V
F SRR A I IV W6 1 — YR S M2l 2- 52k R . HPA 2 T
BB HY BRL BRI A S IR KRE L B PSR g R IR K B 1T
1533 753 B9
(2) 2- REBIELR
LFERIETT T4 i 2- R B 1R, e 3 ARG Tl i ML AR

7N~ HET5H M H
LR AT I 5 ORI F IR I /AL 51, e 5 B2 e A0 2T 4 _E b
FIVERE IR I B — 2R BORRL . SRERRIE T FIAE i 70 T8GR FELAEAS N 771 55
HH @B NI R . B

§1-2-2 ZEEBRHIE M 75 RN TR = 53 #7 LLAR

LR BT IHRP BRI AV 0L, AEVF 2 AR 3 T ) 2 N, 2 — R AL
Tkl NI 2B BR N A T
(—) Z-EBEk

1. AR AN 120008 4 R 4% SRR S R I 710, RS
J£30~100 CT, H4 %~10 %[HNOy/KE AN A DVF SRR & K E
W N AKIAMNITHNO;,  LACRFFRSIR IR E NS Y%o~T %o AL SRR 1) —Fil
ArEdrid, BT RORMBCRAR, W R 2 . RS R, IE BRI

2. FURAEAIEN L AT %L EHCL (02 RSP NG, P
10~50 C, F7J102~110 MPa, fEFIBrIE A L B 110.5 %~5 % (mol%),
HIATE A I HBral R (K084 J8 £, SN IR [R] 50k R 10 e P ilAT06, PR R i
K, AT PR, T8RN (R (AR /D o 120 B 0 e PR R A R A, —
FEEEFRIE SR D N80 %, ALK /D90 %, HAFAENK] mol LR A2 mol b2
VR WA S, B S SRR B, HR e, e S B A
AMe, I bJE T — RN, TR RO o

3. PRI ARSIl GRS £ R SR RTR A b, RV 3h,
BRI LR G IR AT LB NTO %, P25 L EEE A 44 %.
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TR R 22 8 S SRR AT B AP R o6 RS 21 A0 SR e i 9 TBk

BECR AR, A=A, AGsr, ART kAR,

4. WA A ALY Arashiba® A4S %~ 60 %ol A K AR IR WU A% 59 4>
FIMAE L B R, IREE0~30C, EALFIFeSOMDT L BRI % (B
IR 1A CRERRCAE W] TA8S Yo, fift vl T HHIR AN S AAAGVE IR 1) . gl o
Y YL R, HZE R T AR DS ) R R, AR R A L
WA IS0 % (BE/RTE), HLZHRE A B fedtm, AR TN AL,

5. 7R (BEAD) AATER0) DLE R P28 cul VA Ak, Mo. Pb.
Sn. InPUEILE A BT, FREE AN S I SRR . Ak
SEIE PRSI0y, P L TR AR BN T 2%, SRR BRI T AR A
AL R A2 A5 . I VE RA BT B v RS R AR R ) it vl A
VER S AL, ANOAE A AL FIPY, EpHE N F 1AM R MY, 4
W LA dpietl, CRMRIICR R . LSS, B A A7 A
ST SR AL PRSI R, 7= S SR TS
(=) IR R\ EA—BJRIE!S 22 iy i e FR R Hp ) T SR IROE N 75 5L4600.93
%%/ 52h, FEHBAE 15 min. 7EPd/ ALOFEAE, WAL 141 MPal& /<,
TR 210 'C, REHH—BINT, HOMRIEEY. LR N AR, 75
Yerb, TPk R, PR RTCREE, R v AR A s AR ) S )
USRI R HUFE R 7 RV RN vy R S NV 38, DA SRR R AR AR BEANEE,
AFITHE
(=) ZEEMEEAENEDT: FRSE. TERS 8. e,
T3, AR RN IS TR s 3XAS SN E SRR s AR FEARAIS IR AR 100 SE B IF) (40mM
R, AR 1 S5 S A 5 D 8K 3 2B A A 2
(VD) RARERAMRVE: NG — A . RS Es i, AH B bR
A )RR s AR A, BN RG], T ES I T R R
HAh, SOV AR R AR 7 B A Al AT N HE
(H) HEET

1. B HfA A S0 BRI AR R A v P AR iR A S T R
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2. LWL AL A S AR IE SRR, DT R BRI
REEA SRR #E . (H L R Syt PP O IR AN S d i, WORAG, R
SN £ AR BN S, PSRBT TR, H L A SR B B
S AR A AR IR IR A G, B OO S O HLAE
(7)) Herk: WHRAMRRER, CmEmEE oK, WAamRaw,
CIEAGE, CREEAGTE, 2— R 3 — R IRAT Y BRIk

FEMRZ B TR, R UE R BAT B0 IR, 5 45 i 1 1

HAIRGF W st. £ A SAAE S LA R SR 45 s TR O == e
XFHLE, R R X

§1-2-3 ERAEILERE N BRI RIIK

AR PR A S — R AT R SR TR AN S A ) W LR A LA sk,
FEUD R BRI . SCRFrMR BT S N7 LA B vEUASORA ARk 45 ) 0o R AR A ST ) o
N T EURT FURARL RIS LA T 4

HURK A2 51t B TS R 1A T, AR, X RO K MR O A R
T AT RAF R S, BRREAT R AT, ) AN A B I A A T
T JE Tk o AR TR PO AR B B, AR R AT U B AN BRI AIG, A AT A
PP F R AN o F AR R R R, RIS AT, B B, R DURIM
BEIATRET, RIR RSO R, Bk, Thidn. St aid A, AEH
T RN HTRARTE, HBE—RAENBRAEH, SeRHAT R R S
i&. F. Goodridg il K. Scott!™ X 4y BIMAEATIFFT R I, B (10 40 8 b A S I3 A R
YA, RVEE R, W RN R

§1-2-4 Z_BBELELESH BRI

5] A &1k T AR B B SRR I R RIS 2, 56 [ 57 (4235684): &
T RIS AR ) FLIR R A 67%~85%, WURE K 66%~82%, HILHLIRE LG, X
MR, L 100/



TR R 22 8 S SRR AT B AP R o6 RS 21 A0 SR e i 9 TBk

§ 1-3 ZERERHIN A AR
§1-3-1 BRI ENBS LK

TE LR A AR AR, WP IS P AT 2R . LR WA,
T, M CEERN N, SRR R, 6 S R s R A
o R R L P S A EENE . (A T M. LR, WA
2 Ay T AL, P 2 I B L TR K e 78 S B o AT I A
TIAT I ERAE D BB RTINS, W sE vk, SOOLEE. S
TP IR s TR,

— AT REVAST: RN T L AR AR B R ER MR AT AE IR A5 T WA
AL LR AN FIRAR AR T, T AR AR N AR K AR i BEAR D, R e o
R B NN VKAR PR R Gl i, DARR 25508, T IE A 10 s B0 PR H AL 5 v
AT SE T o ARIEBARTT 54T, (Bl T/GE R IER IR, /& AR,
X B NEBCHR TR R W A ke B AT B s (R B2, AT 3 B30 . b 2 1) 28— A SR R
AN, DRIRAR R A 2 4

TR ZEERR A £ e B S R s, PR IAABK, R
FEAF CIER NG 8 —f, ARJE 0 SEEETRIE o AE L EAFAE R, R
BAGENE LR £ LIEIRATAE 1, R ZBARVENE 4 . i TR AE ]
T B8 A0 DA AT SR R AR 5 el 20BN b € 7R A A A A £ S B
1 R AR 200 i B A R i DROR 00 S I e A AT 5 S R I 1)
P LU 3B B G, R ZEROR . kT B2 M A uln, REUERm HA T
o

=\ RAAE TR ERET: EIE HAR G RIS, B IR L 2,
4— TRFEIRIHT AL R TR RADY T SRR A 5t 1l K S A i RO (A
BEATIE o FLOR o FE Al AT AR BT 5 22 R 2R, WA R MR R A5 5 T30
AN Ve T B WL ik s e, RN P A BE 8 R s B

PO, SRASAREES: e OIS E, CRRKEIRTE 80~90°C T HI
TN, R 15% 0 BGA (U FEREAT 704 1P A A4S & 51, SR AR,
HARHER 225K
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i AZESHTIEDY s 2R AR R LA e () LRI S I, SRR 1 A R
oS ERUIUE R, P R AR IR PEINE s 4 I GBI T IR B B I N
FE PR AERR DN A2 5 I A 1 U ) O R BV 5, 1T £ I P2 P o 8 L e R e
HIRE L TR ERA: [FFE, RS QRERR I R A R R R
MR LM IR 1A B A RESRAT o FLURBE R BRAE D BRI KA S 255
2o

§1-3-2 BFRIEENA

AT IR AL eV, ARk, AR TR, ~UR e, 2 imikss
JPEAEAE RN R S A . R, WA PR e A 0 2 A R p 45
P 10 710, B SRR FLA R ST (R A R 1 8 T E % ST 30 4F A
KBRS — P& TN IR AR, e n L 2 M I BH & 1 AT e 1k 5 e = o
BT, R s 2 AR R AR B . PH T 10 R S FLR B 4 i 50 i
ZARENLA, 40 S5 [ 3R 5 44 K P54 (the American Society for Testing and Materials,
ASTM). HFrbruEfb 2041 (International Organization for Standardization, ISO). 3£
[E¥F )5 (US Environmental Protection Agency, EPA) %% T B 1ol A4
BRI 7%, HERE L2 A BUR R T RE M S, R wt, KWK T 5
TR R A LR A AT Y (AR . TR X S R R . s K
RS AR BT %5 B AU A T A 21

—. BTk R s

1903 4, HEHY K Tswett 24 T 7 EHD O, KW I A B E0R0E
L BRIRES B R (M B AE, R3] T 08, IR — 5 3 5 4k
1i%3J: (chromatography). 7EILJE K 20 Z4FEH, JL-T- I H: Tswett (1350 (4
HAR.

#1931 4, Kuhn FVEAHOIEE D7 & 7% Mg 3R, JFRIERTS T
Wi UURS . Ik, VP2 R RGBT X BRI TS, ORI 6 o ATTBT
H.

1969 4F, = 0K AR 4.3 (High Performation Liquid Chromatography, fij# HPLC)
k. 1 i (Ton Chromatography, fRjFK IC) A& mR0BAH (s il —Fh, J2&
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TR R 22 8 S SRR AT B AP R o6 RS 21 A0 SR e i 9 TBk

SIATE T — B B vk, 2 20 AL 70 AR R R — R BT A AT I
Bk TN,

1975 4355 Dow f4,%% 24 7] Small, Stevens Al Baumann'*R 3 T )% I i
SN S8 RSB B 25 F A e ik BRI, (R R an XS iRl . Small 55 AAEAS
LS Z R/ o3 B A5 B — MR HAE (Suppressor), 38 1L I iHAE A & 2B 4L 2%
S RL, FEDNSE BT o3 B 1 201, R Ui A sy H S iy, AIE 218 Jo ik
PEME A TR 0 245 e AR e PP L S A U AR AT BRI T A R 3 T
RRFE i 1 Bl 25 - A A I R AR, S T e A U 28 Al s 22 Mreg 11K H I

1979 4F Fritzl 55 NE&HH 55— B0 oy B3 SR CHUYT 85710730, K o A it
HEEET ISR G, AHIEIRE, B SRS AE i (bR Brt 25
TONEE) o TR B3 7 (8 A TR VR EORE, AR 7o B VA E R sl Al
G E K L (R IR B 1A i e R A I . 8 T IX 23 LS Fritz 258 A4 K HE
JOHIES B (03, AT B30 H. Small 25 A% 10188 1~ (0 38 VL AR b 9k 20 2
TG,

R S RN D g s

AR = FHARTR] 43 B HLEED> 700 g (0 i n] 43k = 8 T ASH (R (fRTHPIC)
B HE R (RFRHPIEC) A 1X (i (R FRMPIC).

BT AR By B EO 2 BTk RIEIE TR R
e 3 A 5EAH B A BRI (A R AR B A AR . X R I BS T, 4y
BONLEE PO ARG E B 7 I R R . B AT SR (O [ AR R . LR AR 1A
e R U A Y B A LR AR A AT A IR B AL
FACHRA S BRI E AR AR E AT . EE T HURICHLB 2 R B 27
M3 B o BT AC e D REE b 2= B A IR T AR 3 120 2, T RS IR e R IR A 1Y
A48 I FH A BH 25 43 1
BrHRAE: oS R DonnantE R 23 PRI S AR . e A
J e 2 IR VAEAL SRR M — SR FE IR s e i o 8 - H R il
M TAHUR . TEHLSS R AN R« 2RI 73 85 LA A B BRI 43 # « HPIECTH —A
AL RS v T 99 M TCHURR « AT LR ANAE s I BRItk A T 56 4 B i 1) S R 1Y)
B THUEERRRBIES 7 (WICI . NO; FS0,> %5) K52 DonnanflE F A BEM (R,

FONE O

-
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FEALARRAN VR o e AR, BRIR . IR AR AT IR A5 O ML 99 MR A & 120 ik
A BB Al L AR DR, (F UG ) i 58 LU B2 R I 121 (1010 i) R AR ok
FHS 7 IF e (00005 JU) e 1t 73 X S IO LS5 1R

B X 3B BRI, L AR R S A R AN e R T AR )
2 LRI LI = LA FE AR IR AN S AL (1 e ol )\ e R B A (R P 2R . 70
(it 52 AT 8 R R S AR BRE o A7 B SE TR B ol (1 e ¢
B T S 7 (R oo S o Gy vl A 8 (R TG WL 8 A L S e P
W A B i B R A AT . b SEHMERCORI T T E S
PRI B 7, Hpnla s Rl s (KK 207 (RIS PR 7D LR K
PERBIRH S 7, BRI R FREIDRR, & A& R s R, b
SLrEIR L, 7 AR AT R L, B GY), AW TE4EE R, R
AHEY), T, BSRERERL LR I o, THEXTRAE S, R
Yo ir CRAEAHUR. &R Ik AT 5 IRV AR .

=\ BT ennkas

BT R TR AT AR e R T (6
FIHR. ALK A SRR S (AR, B
k22 B RTRU 2Bk TGS R B AT WL (UV-Vis) Rl
RIS BT MR T 5 T T R 5 M A 2 6
T TS T LI % 5 o R 5 S5 T — ST P R o SR
B IC IR, FER T T, HET (pK<T, pKe<?) FI
SRR B — 0% 90 B K T 58 0 T T 8 £ A
O T L U S U AT, BRI A, 1 SON 2. Blha
R 22 B R T-D B A 55T W RT3 YKo
BT (e B T T -0 UK P B A R R T
6 BT A T T 70 2 T2 47 L B 8 (TR 85T € A
IS PR AR AR SR 5 B T ORI SRR IR R 2, [ R T
LA R I SR, (L R I
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TR R 22 8 S SRR AT B AP R o6 RS 21 A0 SR e i 9 TBk

V9. BT m s>

VR B T AL DRI i R A O T A K B X RH B T O
— e PR R AT, W R e AR AR AR R AR X
WSO LS, T BB 1 I KA DUk = Pt R O ik, — R
2 R Rk ERIEADG RS X KOS B P G K e,
2R AR, R HA T,

Bl B, R YRRV LE AN R NI E 2 A i L R R H
I LUH AR VR 8 7, JCHRMIE 1. (1) fRadt, Jifl: xb 7 Fhs WP
B7 (F . Cl'y Br « NO, « NO; - SO4” « PO, ) I Al WLBH B 1 (Li' Na's
NH,'v K's Mg®' Ca™") [P 3 M s 1] & 43 0/ 1 10mine A )5, 41 NaOH
AL 1C v a3 AT B 5 (R HERE R SR, DR A A0 s L 7 4 AR L TR 7K
HECHIRE I, 25 CO, AT NaOH ¥, JFA4ER COs™ s ke
WAy, AINE LR . BE T AR R B AR SR DR U AR A, RS TR S
A, ORI AR 0 bR T A3 B BT HE AR B BRIV . S, H A A
WA, WA, nESE TE. (2) REBUSEE: &1 O o i ik B
ug/L~mg/L. BEAZUEAE S0ul, XFH L& H RN T 10pg/L. XFHL) " % H
JTULRCE SR T T ik, E iR, SRMULSAE (2mm HAR) 85X
TELRIRGE 710, KPR ATIA 107/ BEAR. (3D kbl nl )i o347 22 Flss
FAEY: SYeRE. RFRBGEAR LG, 1C 1A B0 a2 [ A T it o 1) 22 ol
557 . (4) Sy AR EMELr . 5 e 2 B IR M T AR ORI 2R
55 HPLC BT I REBIEORIANR], IC IR S/ — LIRFEAR R A W) AT i) 3
Blo SX BRI pH B PE Ve H SRR BB E R SE I, AR T RS Ve L

T B v AT IR FEE R IR AE AT WL R h A8 e o DRk ] AT WL RV DE AT 1 DABR 22 Bl
TG i) pH AUE PERT B Al VL RCE DL m RAE A e, TR AL 17 1R a2
T4,

Fo BT AR 4T XS SR R A AR

W UUHE P EOiA S S e A Y AR AL B 1 (s KRB 7 1R
MR B AR & T R 7D & T (e Mte)s. e,
TIERFENHE T AILHE T CHIR. SRR, KRR, iR, 2Rk
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MO AHIBHE T (i Bedhy Befi, mbme. BWm. 5. B Em oF
PUEHE S0 2RI IR IR TR A, k. DEZ) AR
BU OBl B My WE. 4E4230 &8 BIHAT ML, IC BZN T LUK LA

(1) B O IR o ORI e (g B2 P T, ARORKAM AT (i 3 5
M. WAHIRER . AR R SFMIIE ) BTV DK (2 RuR . %, K
P ESEE T SUDERASSWEFNIE); KWL EKK 2 (n=
AL FERDEEIIED

(2) B O oAb R B0 e R AR A A B
MR, FHORFSE IR KAL) OB, WEAn AT DU, TEHLBI S 7 5B 1 (X
REAR, TERARATARE, AR, MR EkEUL Na'y K Mg™,
Ca’ 5 &A1) %,

(3) B ol SRS i P, R B R
FEIE, IREE T E RS, maiuGi RS T T SRR T
B R R T B A A AR S R . TR N- R SE-2-nte s e . SRR
TR BRI A8 HH P 3 PR R B R A HL 177 il ) TR AT DRI PR S ) 55

(4) B O E R 2 5 0 2 5 g RS i b BN LY
FHES RO i Clnts P BB I 2 4. NS NO, Fl NOs IlE . R
T ES PR AL 04D, BRI SRS FUBK 08, A 2S00 2 ik
N bl % I

(5) B FEREAAEAT AL A BT b A R 1O, AR I Gl p K v
A~ BHE T 08T, BERARIG GRS  BLIRARIRASID s A liks o RE B . BH
TARERI AT A A Z2 = dh A Cromm Az i BT HLR K 70 B . IR HH R
BB T d) 2.

(6) B bkreAymp R O R2y . ek, RHE Bk RUE
T EEIRI 0T o

(T B FOREEA T BT iR O JORR = S A0AT, SR e i
PEAE s AE AL 1 B . UEEGRIS TR SRR e (R BT

S A N L A BP0 1A 5 B /S| AN = R 1/ N o /S I T AN 9 B
REdR . IEAR. Bk IAETL . AR SCERE R B B T AL S T
gL, AR &7 AR AT ML B R TN T RS . A SRR
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CIEEOR, IFN RIS R LR AR LM IR . LRI IR L
TR PRSI fRAE A EVE S s A A, X HL S R R RE PP
R 4e SR A EEOME S 540, K BTk i SRR N H T
KR HEAEALIE SR 5 T IR AR AL REVE S e B M. HATA T B R R HL
R IR % T IR AR AL 0 0 A IR iR R 2R 2 ik, s ik it 2o
B2, RERK. & Ok d SRR AT ok R IS % T R
B 73 K VL g B AT P A R A0, wT DLSEIUPRE . e [R]IN 1
SERTIE, X Ml AR P A A R AR (AR 3 P

$1-4 EEfBEANCEMZ _ Bkt SEUEN CREERNTRERSR
§ 1-4-1 RRFREFARIAK

KT HER HLEAGIE SR ) % SRR LRI, S AR/ DHRGE o« SRIEAAT 5T
NS R R L BRI BN 2 A RIS, B T SRR AR (K B ) ARy i A
X, HEMS T e RSO R S R A3, R Tl A AR 3 S 56 oo
AR EBORAT T RE, G T DB s g g, wf DUE N TR
Wt e 3ok, WU T SIS N R P ER e R 3B BRIV L T T RERR AR
U B HOE JEALEE, I8 TR B SRS — 0 RV BN ) S 4, TR IR ER
R BB A AT TR, LRERRAN L BERR 134 JR U Fa 3, HE T H 5 R J
[y B =40 o

KT O BRSO IR S N BRI ST AR IE HE /D, T, Gonzalez-Velasco
W T BRVEAN B & W AE 22 S e b L e AR AE AR PO LERT T, i R 2R SRR Y
HUAZYEE A OH R 2 s AE ro AR I, il — RAUMAL A S5 A P IR AR
BRI A T A B AR o B BTN B ) 28, SR ELEE S, . OH 2
wAE R b, T2 TR AR TR T, SRS A i R e PR AR IR
TER i 1) pH I, WA I A T A0SR, AT 5% 0 5 32 4%

§ 1-4-2 BILFFRAILTIMNR 51 A S &AM
2012080404, Bedens N0V VKRS T K5 0 A6 i Sh i N F 18 | 7
[ HEAL 2 e R B A o F T 2L A G 1 AR A I 25 Fh e TR AR R =) . BRI s N DI
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SEITIHAMEBZ AL, Rl R A LLAMGIE T AR LB R AR H R (LG4 |
4 )E BRI L3R, Wik, 24 R7E fAL 22 AU I FE Al BE 38
M BT R4 T EEAER, BAS T KRES TR LR Eds, Az sy
Rl NGET P I ME RSN B3 FACH A T Bkl 122 ek 2 SR 41
AN RIS FCIE IR EIE A2 01 T A B (1) FIH L AMERE I8 SURFIE RN S
T 18 2 T S AR A 0 b M 38 T B P ) A B LI ) R R B4 O, [ IS8 AR | 21 47h
TR AL LA, B T WP Bk 2 o HLEEN S (2) £E804E
A ST U6 e e (R INF 1) 73 R LA SOR ol SRS I et 7 i v (R0 A4 L BRI S . g
FE, 3R T /KT L A R s N 3l ) 2 A2

HAL 52 SR 0 A0 B D6 1% v] LAAE 8 JE A k) (BUFE B0 i) o BBl IR B S AT AT
W] A4 FL B R TR ERAS, PIAS 2 ) 32 RN A, BN R AN A TR A8 AR TR s I 1)
Dikes e S ALY R AR T ) s S B n) o FRRE RO R S5 R R R L 3
HILZR 5 W) AE AR SR TR R SR 1 R S A i o3 W 25 7 T o G A A AR AR 5 e T
PRI S N ATLEE . RO 45 1) PR RE,  7EHESh i AT I0 N E G 3E Ny 17K 12
FErboR ¥ TEREEH . AR SRR ZLAN ORI E FH TR TS R W I <6 F kR
THIVR B AR LEAS R R B AR R 94T 2, 0 COL £E Pt (111D HabR R BRHAT A>T,
Pt (111) APt (100D Hubk FECRRIFRPHAT S22 Sh Gt 2r s T/
AR FIEAAT g, TG0 45 Ry i 2 ) O8O0 R gl 31132 1 gt 1331,
L 2P 2 PR ¢, €2 4y A —Se AT ST WAL At
£E Pt. Au. Rh. TIr 255005 B b% b s SR e i A R0 JEUT 21 A0 e S 3 e R
ok FL I R oK AL AR AT S o DAL, RSO R 22 BR AT 2140 ORGSR ROR
7E LA FR AT A I & Fh ep (R4 L ) LA SR e N P R A5, AT Ha e A (R BT
FERANBN 1K, o SO HLIEBI T ER A R S50 AR A

§ 1-5 S KIS0 MEMS fR4Rhn T A

20 2l 90 FEARLIK, FARENE S TR R I —A T A iRk 1
Bk, BRI GRAR LS AL 248 (Micro Electro-Mechanical System, MEMS)
(R, 51k T RIS X /N RORE R/ BARGH I FR AR R R o A4 T 6 Bk P
ar AT LA A8 FAh Bl A AL T A8 A 2 T O R 01, WO S A
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( micro-mixer ) - f# & N #% (micro-reactor) « ¥ & %% 4> #7 UTAS
( micro-total-analysis-systems ) i 1 25 HU 4%  ( micro-extractor ) « 7l ! 4t # 25

(micro-heat-exchanger). 7% (micro-pump) AR &[] (micro-valve) 2%, 1

§1-5-1 R BHER"

VEAER, SUBARTEVE 2 A W PR GRS, T4 27 BN IR A 4 R 4
BT RARE, SBonHA AR E Ral> o,

19864, i AR A5G 10k I 85 1) 35— A1 RV OO HH e T A2 Al 4 W SR G )
TR, ZERIRH T OB G R, RIS S R AT X — 7
WL . HA19894E, ffi[E Forschungszentrum Karlsruhe 37 55— Mg
%%, SRR TR O RN, 19934, SEEURPEE e AL E R 9
% (the Pacific Northwest National Laboratory, PNNL, USA) JTJE T2 THE, R
SEABATION T BRI RO STO 19954F, 5 4H E MainzZ$4T % T R i e 1k 2
5 W) R R RIS 4%, Rt R G A th S LR R 2 451, Lerous! R
Ehrfeld %515 498 SCRGE A T DM N 7% 70 b 2 RS AU 1) 1o P D J O R
W 19974, B—UHEARERS BT, HEEFEERIERIT—IR. b,
735 b IR S5 AL B A A IR 55 2 w3 1901971 200346 H16 H, £ ELAE S AUZIR
& Chemical & Engineering News &K T # “Numbering up small reactions” 13} [f]
g, 200542 )17H % F T “Finding the best conditions rapidly” % — it i&
U991, 20054E5 H30H, iZZE K ER T —H 84 “Harnessing microreactions” ff]
FHHARE! T, PEANVR T MU AR AR IR ORI R o s R D N ) Py DA S R
BELARTE R N A B ARBE R, 2 WZ B T A A [ A T 2R AR

§1-5-2 IR BEFIES RS
. WU AR R LA DL K Sl

a BN S RS I AR BB J UM BA DY, TR 48R 4% 4100 mL
FYLTE, BEET) RN AL 30 m.

b RFERI R LREA CEIBUARI LA M55 fus s A 1 b 2 1A vl LA
%510,000~50,000 m* m™, 11 LK w Tk B4 1 LR TRTFR AN 25685 1,000
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m’ m 5100 m*m 7,
c FFBREOAMFE A 0TI — WA, ISR AT LLAES,000~50,000 m® m”;
R WBIRARIAR — 25 B, 78 BRI AYOR R 2% i) BLik $120,000 m® m™BL b i
VFZ ARSI Y 4% I REIX 31100 m* m™ /i Aq

A A% i e S

T BN s HAT 5 R B 58 A AN TR IR LA RGP AR /N S AR S BRI B
ARAMALA K v 1) B N A ST o JUARTRy P Pk 21 F) 3 40 xR A s i
R s A AR AR sl s SN e e 5T o DRI, TRl N g 1R J LA RS PE R SE T 1k
S g AR AR AR IR P, JFRE i & 808 RATIR I Ar . NSRBI Fefl
HFCR LUz Ve RELS 55— R 58 S N o (KR I DLt AE A2
TG WEEBN DA SO L 2T A S A AT T A 1R . e

a A M FETUR NV AR N, B 2R )y, —Se HR A AR DA
BIAREREE . TR BBIE . WRIEROIE DL ACR BRI SS IO T2 e B e 143 B
L PRI B N A 0 EE R TR B AR &R, AR sRAL T b s (AR e T o A1
T, AR I IX25,000 Wm KL AR S e I A R B A2 D
e N R

b AR RN AP BT, i T 3 S AN TR AT
J g, b OB TR A Rk U, 0 7Y RO IR S R e P R U
o e NFick g A, 55 < B I 18] (R AR ARAH ORIBG, 2 RICR BRI B S (1 pR 2, m)

» DAY LR T, DY RIS, OyTRE T al L,

I st~

TR A I IR) 5 A 356 R B 1) IR 7 G AE B, St R A sk /NI T RS0 K OR 4 4 87 1
I A] o

c B EAFEAWIIT Ly TR N A MO T Y R AR 0B Ok Ok
(10°°m) , THIAE T AR 7 s T P A1 T 2 JE B (R B G 3 ol =2k (107 m)
IR ARG MRS M AR 50 um RO TE R LA 0 50 mmR) T, AR [F] )
THOLT, WOEIE A AR RS T AR N, E@H O LR m, JEEEN,
Rl AR T DT E ORI E N IR AR AL N R, RN TR L RE
WY HE
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=, BURBBHAA T

(1) AEF= IR BRI AT RE )y T DU B TG FL B,
T e 4500 2 5 0 5 B S K R B RSz, BN T R T B ok
A EBEHOR, WP 12 BT . DR BLR R B8 OO, T LUK 48
Pl SR S B AT I TR AT, LA G 25
7k, RSB

scale-up

|:'>| >[ large-scale production ]

complex and cost intensive
increase in plant size

numbering-up

[ microreactor ] | > [ assembly of microreactors ]

simple and inexpensive replication

Fig. 1-1 Comparation of numbering up with scale-up

(2) ARBA PR SRR AU, TR A G TN, AW i e J7 1R 4
JEBITEHUR R AR TR LU 5y o3 R4 R0 G 12 S5 40, b 25 0 g ade 1 1) X
DRI RIS, A e 5738 DU S N AN R P 2 e 8 o

(3) T LASEILNS f R BE ARG B2 o - S I s LA AR e g o, A
SRR K R, e DAAEROE I I TRl N AZ Y, 2y e Wl FEAN B I e
{H; R i KR BE YD T R A = O o e Sl ml REE

(4) T DA B N Bt 18] RO AR 1 - Tl S B e R P e i sl 3, ml LIORS 7 71
S NEADIAE SN AT I P4t B I a], - mT AT 280 B DA s Iz B TR i 7 A2 P 7 0
T HRIR S g% R AT NN S i), DAR 1k S B T I 2, X Atads J— f
ORI e 2y e B I T A, AT W] RS 308 7 0 1) 2B R o

(5) AT LAE Pyt LURE 6 TC EC IR [R) VR 6 - TS A 4 1) S N T8 — fe AT 2k
Ko W UMERRDR ARG LLTR &, 38E S B ) R 2 R

(6) BLIFATATRAEM: « S B s e o P IR B 3B N s, A v 28 et PR i TR T
O N SEIURGHA AR P, e RV ERRL Al U 28R i i S v ), DA )
DU RA SEEL Rl s IR e R S
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§ 1-5-3 1R Rr 8B & Ry R AL

f SRR EO, ERS A TR, KLY 20 %6 1 AT LA I SR R
ST, AEMCR. EREE R e AR Bl . B RS 20%, (HEHET
FANAE T N AR, b N A% (1 M i 0 ae 2 AR R BRI . iU Y A%
BARIFARES T A R 2 OV, e L AR AR BILAE DL SR R S B -
(1) AR RN R IR, S N — R 2 B o Fry 2 e 5,
BIASERE, AR N i 1] R st oe ik 4, 3 a2 B R 0. M0l B b 2
RN SIS 3 AR, Ok e IR B S BIURS R %),  TH BRREE B, B DLRES (25 R
e SN PRPBE A AR FEAE
(2)  RNYIBFYATRERIR: HELE SN I [ N s A SRR E , FE IR
IO 25 P A5 B IR ) ot e 2 A T BRSO o RS N R JE BB R AT, AT LUK A
P B NI 452 B IS )
(3) X MYIEC L ESRAR ™ B BRI B 2 Js B0 TR L EESRAR ™, e
e I ML B 2 SR R BN, CHn R BRI B, -t n] EAT —HOA R = )
R B T RUR YA R G n] LB IA 2 S &, il &, &)l
kD B A
(4 fERt RN UL SRR ERN: WIS TR N, — BREE,
L 3 S N SR T, ST SR, g DRSOk SR AR Il S R 1Y
SN ARAT AR R, DAL e L B W] A A A 2 AV TR A, A A 1) XU
B BB S s b SRS B) N, RV AN, AEZR A4S AR 2D,
T P JE T B AT o DRI A I 8 A 3 3 15 RS S o
(5)  GRMR R T B ARG R N B & RN 1 1ol s i RE S
BUGERRE A X TIRRCITUE R S N, ORI s b AR ZE A I TR R A — 20
DAL e A S R RORE FROREAR AT 75 20 AT s o 0 TP RSB ER A N, U ] RS B2 &

B A

§1-5-4 TR R 2RI SRR

Y2 A WFFTHU RS A6 B0 Tk — s i oc 77, ot 57 44 1 2%
LS AL T A S WIMIT #ES. Merck FIBASFA543 2y 1 & 11X 7 THI (K1 5¢
TAE. Hrb, 4% Volker Hessel, Wolfgang Ehrfeld 1 Holge Lowel'® "% SE 7510 [
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N2 TORGA A SMARGEETTE T REIRGITER TR, EVF2 U8R
AR T REWSCE, HpaADREEaR IR0, Fit-Hubert H. GiraultB 577>
20 7E 4 3B " ™Y (microchannels) A A 17T (microfluidic chips) i Sz i gt
(microreactors)&5 7 A T K HR ) L AF o 9 [E Frank Marken®5 R FH s (8] b i 51 L it
B AR RIS, R 2 i s F A b 2,5 AR -2, 5- A e
2 TAF. HAJun-ichi Yoshida®lf 57/ 41 75 1k 5 451" (Microsystems) . i & 48
¥4 (microflow systems). R A 25! (micromixer). 55 M 2% (microreactors) %%
N TAE R AYREEOTHE T2 TAE. BIHRO R, TEi R V2% T
A5V 2 N TR SN -0 b 2 5 b2 A B (1 e s g1 1170,
MDY AT AR S B 5, AR R A 2,000 R SR DA 9 R R RS T D)
o s H20HEAL0FARH NI S MY g AR LK, [H AN AR T THIAE T
V2T, AMEEAE TIRZ 2 AEH I 508R, TN EERZE, ADants
TER FHUR N, 35 BEAT 20 ARS 04k 7 i IR 5 1, R 278 T A BRI H
TS Y i AR B TR R R DA A B BRSO R 0 R R S 7 Tl S I, 8 A 4 A T 40
SR RN B -

§ 1-5-5 MEMS # i T T EM

i EMEMSAE A1 = 2R RE, SN AP SRR, 1 ELAT R LR
ko HABMEMSHEHEAT 2 Uik EA0EE. TINUBIRIAIZ S8 AR D6l
MRS o BESAHLIOIN LR AR S HIEMEMSIREE M. R8s . ST 0 EE 1k,
CRAB T — RV BRI L, H I R B ERL A AT 10 5 o BB LB
THAREZEFRLLR U

(1) #%In THA (Bulking Micromachining): I Je: il i i — 4k 4 (1 —Fh 7
%, RIS B B IR IR (R S M BD TG, R W AN WAL 2 ATy 2
(¥ 73 I VE AR S TR A o MAAON AR 18 A AR REE O o B ey, TR R
P 7 I R B AR T FEMEAL S I R (L A5 TR PSR ) J7 v o i T Z 00y
fek i A AR 20 70, b 2005 550 2 25 1) [R) PR 2 A% ) S PRl 45 1)
(i) P ot 22 A Db 221 I ) 3 P % A i) A ], % D) S P R el )k 3 ) ke T
ZITHR R . RO TERAEMEMSIN TEOR i B, IF 2 2z H TR0
MEETE. SRKITHE . TR B R PREE. PRIRSETLA
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(2) FTHEMIN TH AR (Surface Micromachining): %35 A & 78 3L Ji £ 1 HEAT 16
SERCMRI AT LR BE . B AR5, (IR IURVE N IRIMAS S LR, £
TSN L 7 S LA T R I DT AR B 28, R 5 Pl A7 e e 1) ol ) ke S At
J7, PREAR NIERE . AR R AR TR AR E T T LIS AR I DO B, a2 —
SARE, W FNBVEHHT A . WO RS, B R E S I .

(3) LIGAH; R : LIGA ¥ T #8 3C () il hix K Lithographie i % f Y
Galvanoformung M1+ % Anformung 45 5, 7£201H 2080 A A 37 T4 [ 1) R J- 7 6
BRI, ok T A T O R R LR . 4, LIGA G
4 N\Wolfgang Ehrfeld 3 (R 70/ NH G 848 1 1] DL LIGA T A I 1 )5 BE kit 5L
KB JSH IS PR R o e A (00 58 T A LK, % A 100058K
WA A A RERE = A B S B L OB TR . SR B I, LIGABAE B A XU £k
SRR BRI AR AT — A AR IR E = A — N IRBE, SRS AR B 4L TH5 2
[ 5o XCE 2k 52 L PR A 203 T Sl LB, T A e — AN LA PR B 5 S oI - LIGA
BR3P L L XOEHEMEAURE . XOUIRBOCZI B ARG RA . XOGHEE
AR5 P 0 B4 A (R AR T, A9 S Bl A e ARSI T, e 6 A0 B R M i 1o BB
X0t XOGIRBECRIIR L rE B A oK, e B B HE AR 1 AT Y6 %1 .
L 2 050 I B B B BB e N S R, 3 i B L e A9 i {8 M 2 i i 2
M. (S, T XA &5, NILLIGAR AR IR K&, (HE e — gk
ARG A 10 4 23 1) 439 R v 5 LA R & T 2 R

(4) HELIGAEARI™, LIGAH A EMEMSH—Fh RN THAR, (HE
530 R AR A O IR ATRE RO RS, STl 7 L2 sz, XL
VAR B A PE AR AR B A B B, DRI 4% [ PRI 5 R 8 AR IR B R X060k
ZITEMPTE “YELIGARIAR” , i WIDEM. UV-LIGA. Laser-LIGAF{ AR, [A] i
BOLSGEE S5H0R T L 2Eea . P R EADGIR “HELIGAEAR” 133 7T
ZIIN @ T A R R B SRS m IR A g n e ARSI o L C
i S ERE 2L R

(5) BEHARWafer Bonding)™: A A K¢ il 1) 18 ik B A o1 ik
PRAT, T o) R A RO B o R R £ £ BRI I 2 e R A
FHAR T S Z B = AR SN BT B £, T P B S S R A P A P A R e g
THITE i B R ARG RN T A= B IR B
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(6) PRFBEIF AN, FEAMEMS 1178 5e 4 g, 0 JLER R IT R
TR AE AU TR AR —— s B2 (Rapid Prototyping fii#RRP) K. &
Sl A = 4ECAD UMY, 3 4 SRRy VR 2 )5, AN WA T
) AR SR L e, A SRR AR (AR . 4 B Bk oK
WA LAg 2 A X B AT I AR I I SR RO R R A
S URTBRN S R FE I IR, I Lp b, In LR & A KRE R, BHEHEA
RS HTE R R IRPEARAG = 4B (3-D Printing) FAR. A&7
EOGHR IEE G (SLAD BEAR L IEX R BOERe4SS (SLS) K. v E& niilis (LOMD
BRI (FDM) BiAR%

(7) EFAB( Electrochemical Fabrication) fnTH AR %4 A 5235 [ w hn
MK 2245 BBHERE T T Adam L. Cohen® A T-19994 A A ¥R H HLAL 2% J5 2 iAE =
Y2 AR . EEAR G R T2 EMEMGen A ), AL HCh BIAL
P2 ih e EFABEIACK A —F “SZIHERE”  (Instant Masking) (1) 383 6k HL AR
Tk, PP E2EEE R, SRS E L, BRI, DU, 5
T AN HIEAFEN: 1) H = 4ECADIAR Z N T/ B i o —&iE
HI TV SRR Y — 4R 20 BIERERING 3) 7E il bl i &R 4
LKA S5 4 SR 4 FE SRR b IR D — S22 2 a0 P ORRE B AA By 4D (AL AE 5
VAR, 13RI A AR . EFABEIR AT LI 4G @ikl Cnigt, . B,
Yoo BiE) BEMEN G- SRR R SR CInBRALES . LA
) BLEA B DA B E AR AT

(8) AWZAFIER AR (Confined Etchant Layer Technique, CELT) %7,
LR ZN A E AR TR I e L T2 T 19924F S R IK, ksl T
M E A =R R L EmEEA R, A (BOBHAE) R
R, fEHATE 3 = 4 B B L 77 A 2R (WiBry) , BIAE [RZI ik 707 17 A1
PO R PGS P R R A MDD AR JEUR B RiE . XFE, R
L B TR 22 R 3 B 240 PR SR W ASAS S T P /N DX Bl P o B 10 20 ) ™
J2 JE E R AL 20 R e SRR R T . LRSS R, DCUBHR - iaaion T
FORMP I, AbTELI R N IR R A BEAE I LA R R R AR Z N, it
0L ke 1 B S5 AR A

(9) AN THAR . troh, & EIE e 5T IR & PN T3
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A, HEWAMAEOE. BBk AE, AR . ORI T AR I LR, H
IXEERAR I R IN LRI

§ 1-5-6 AZ5214E Szps 1982

JCRIE AT 73 R E S C R R A A MG ZINR o« SRR TR R I FIRE S 4
FEIBIEE, HBROGXORACAZER N, 7> 132 K B IERE TR, 1 AER
XA AR, 0 P IE 4 R R AR RO D IR IR M 2 et T BRI X B SR ik D
K, 193K SN DR R . IEHE2IRE R I U J5 k2B b2
SN A4 27 B M SR A MY 11 DX BT 28 58 A1 8 U 1 DX sl v TR o IR R (U
LR, ARG XA, TEREETE SRR EETEA .

MAZS214ECZIIR M mi R 8 — IRl 7 R B, ihn bR fa S
HEFZ B GPIE T Xl A . HAAL RO AT DM IERR A 5 60
PESCZIAHELIZRR /N, SCZ G ETE R BN Sl G L 5 DG ZI IR Pt 24
PHEE S s R RE G e, AR T RE

AZ5214E SEZIBSEILR AR R B : DCZIIR S = E o A DGR
fE W ARG, FEBRRED G RGBS o F AR ORI, SRK, Al T

[ worzr:

( EoEsI | Iyl
i T 5 )
W) 1
I ’ N
A ) ﬁ
® ot ([ motiEs )
! Iy
% % | [ wmt )
o L
\ B %
EO [ %Dj )
Fig. 1-2 Diagram for AZ5214E as a N
positive photoresist at the typical Fig. 1-3 Diagram for AZ5214E as a
photolithogr aphy process negative photoresist at the typical

photolithography process
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R R s R O i AEAR DR e (R A AT S B, i AL
PRI AW S AT e REATE T AERESTE (1 DX 8 A X AZ 1Bk S 2 EE AR BTG [ [X 3
HERZ, A RAETZ O R AR IR DX LU AR HE I G DI R PR, AR
g S X Sl kgt 1 ' PR DS P R ORSEEL T EIR S e . B 120130045t T
AZS521AEME g IEVE 5 S PE Y 2 s MR (R e 2 2R

§ 1-6 ZAILICHIR BRIF0IXI

WA BRI AT ARG, AT ST BN L REIR WL )R SR AR BT =)
R RN SN I FEALEE R S LLAMD G T 9T, DA Y -5 ok F B B 47
v S IS, TS ARl 2 LU 44 I
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Fig. 2-1In situ FTIR cell design
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Fig. 2-3 MSFTIRs experimental procedures
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Fig. 2-5 Diagram to illustrate the working principle of SEM
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(2) WG 10 2080, R KRR  45°C, ZhAh 60%
(3) T/ ZEEEF 10 4380, HAE KRR D 45°C, D%k 60%;
(4) LETKPUE 10 2080, R HKEIRE R 45°C, ZhEh 60%
(5) W1
> BBTEVE: BRI ERRAEY R
(1) fil e A B 7oKt
(2) T SYEMNH4OH:Hy02:H,0=1:2:5)% 10 /34f: S EE 7AINE 75°C, 3
A NH4OH H1 HyO,, JEAFE T fEREA 115 15min, J5 H#Z B 17K 6~7 .
> BRWTEVE: BRERE BRI
(1) II 'S UERHCEH02:H,0=1:2:8) 4 15 738 Jedl L& KA 75°C, fIA
HCl Fl Hy0,, FEEETEZ 75 CHRITENGER, {EREM R 15 2080, Janphd:
B 1S g, piA LB TK S S
> BT AR THLE R TP TR T, N DR R
L EREHATIE
1. TEEEA: CEARTEREAE 1100°C LA 10 73 4h
2. WAL UL BEAE 1100°C LA 60 Z3%f
3. TEEM: CGEALIRJEZAE 1100°CELAD 10 7%k
SR G A R 2l 550nm
(BALIF e RE R BNAZ TIRA T TR (FRIBEL 100C), Fhz))
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=\ HTE

| RIEE: 7558 T WL AL 8 4r4h

2 Bl SetE e NS BoE BRI, RS 3500 /438, 30 BBy SRR
AZ5214-E BECVRHLIE, Heid 3500 /738l 30 #5

3 ETME: AR, T 110°CHE 10 0Bl (SERRIRAEZ) 92°C, T ETID
4 6 CRAMEEDG): FEBRRIE, BROGIN TR 4.3 75

5 REHE: NI TS, T 110°CHE 10 2380 (SERRREEZ) 98°C, T S 1HD
6 KM (RRIE: WG 4.6 B

7 W5 IEESIER 50 B, JE B T KMPUE 2min, ARG S BRAL BT
8 LIS AT b

Fig. 2-6 Digital photography of the Bonding Alignment Lithography machine

(KarlsussMAG6/BA6, made in Ger many)
V. RGN T2
SIS Ti 30nm, J5IkSS Au 300nm.

Fig. 2-7 Digital photograph of the instrument of magnetron sputtering
(JS-3X-100B, made in Beijing)
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Table 2-1 process, instruments and process parameters

T2 i & TZ3H

R LR TR LI 4<% 8min
VRHERE 711 & AL 3500r/min, 30s

W AZ5214-E Ye Ik & NS KHL 3500r/min, 30s
il LA MR 92~100°C , 10min
HEIERE L ML B 4.3s

B HLAE AR 98°C /47, 10min
Z B ML 4.65

Wi IR 2y 50s

f. FHE

FER ZOCR G T G, B AR LS DTG, TXAE S e LA 5 A X 8
e R I e RSB S (R AR TR TR T, ARSI IRE T 45
TR, Th#h 40%, Ik 30 204, JEIE SR, RInPEOCZIRERE, BEE G
NS R, DUORRAE D620 e b 11 40 e s B e 20 e P A i A P I 9, 0T
BUERE T EIGBEBORi, I F TR B EIE . Sik# s L2
{7 SR, TR IRE G TR AT SR R 2 ik A 1, SCH TG BRI B PR, AR 4 e AN S
JEY), P T S i TR s A iz e
75 MR

DN FASCIN 45 J5 2~ 44 2y 400nm .

Fig. 2-8 Photo of theinstrument of thickness measuring (Dektak3 Series)
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§3-1 BFBITETRIEEMRITFEEK ZBBRIER PR
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T EE, KRR EAR R B R AR, R A T N
Wi AL IR IR G B LI AR R, LRI EE M AT LR (770D
CRER CRIH) FER CRINSER RN, I LR LEEIR AN IR
SEVEL s BRI S F A B R RPN AN A 4R S R R E MR . Hl T Eq]
(K173 7 S5 RIBFIAL, A ST 73 BRI, 3430 BT — PhAT 2801 S I e 1
TP BRI 5 o AESEBASI TR AT A AR AT 38 A 25 AR Oy BB AL 22 7 B ik
CAREATIE o BRI, AR YRR A SRR £ IR A i 1R VR O S
M LA T TR — A B SR . AR Dl HoRE 1 (0 1% r A U AR N T R
MEFENE LB J5 B i ST TR T R v - A 1) S M 0 M B s A, O SEINS 122 L
W EEY R AT R 204

§3-1-1 ZEERE. ZEEEAFIERERIE 1S HR

Kl 3-1 25 i &1 Ol i A IR O IR . SRR FEIR I B 1 (1
B, REAR AR {4 B IR ) /23 Bk Cretention time/min), ZAARKR A HLS /M0 1] T-(G/uS).
Ve K 2.4 mM NayCOs + 3.0 mM NaHCO;; 13 FLifT : 60 mA; JEFEARN: 100 uL;
U 1.5 mL/min. M RVEMTHLE L 2k a~g, FEOREANIECY 102374014
RV, IR R AR O N B R R T TR AR R e A
FE R T R FK S H SR, R TR SN TR R I AR S, LA
HIL G (PR R SR G Blo PR ik 5o b CEIR . LI R ER 2
MR, EE TSR SR 1 AN R aeg, b ORER . CRETRFER I 4R
BT 2300k 17337 (K 3-1a). 1°46” (] 3-1b) Fi1 16’167 (] 3-1d); 4 dlFf
ik IR S CREIR(K 3-10). LIRS IR (K] 3-1e) B AR S HR (K 3-1D
PRI TR AV 53 TR AR P O B T [B) A R BB A5 b (¥ i bég s Il &
BER . CREREEIR (B 3-1g) = FH RGN, 055 A28 AH ) £ B 1 1) Ak H
P=AN Bk, K 3-1 af DU R A, 7RISR T ZRER LR T
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TR REAR A 3 15 BRI e o B, RATIRIF I 0 B 1, (B LNF IR eI 1) fR
PN TR RL, AL 3-Tc mT AW RLER B A (I A L &, IS0 &,

1L
C
ﬂL
;éTT d AN
(Ib
1

L ) N

0 4 8 12 16 20
retention time/ min

Fig. 3-1 lon chromatograms

() 20mg/L glycolic acid; (b) 20mg/L glyoxylic acid

(c) 20mg/L glycolic acid+20mg/L glyoxylic acid

(d) 20mg/L oxalic acid,;

(e) 20mg/L glycolic acid+20mg/L oxalic acid

(f) 20mg/L glyoxylic acid+20mg/L oxalic acid

(9) 20mg/L glycolic acid+20mg/L glyoxylic acid+20mg/L oxalic acid
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i
I}
>
3
Ket
=
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WoAW, W W,
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e oy AT tro 2090 D U6 1 AN 2 (R OR BHINTR] s wiy AT wy 20 1) R 1 RTTIEE 2 6 06
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Fig. 3-2 Parametersfor the calculation of resolution and selectivity
B0 R IO A B R R VT RRRRRE SR TSR A B RS I 5K
FEG AT AL BURE P& S M. (L) FWBERes: XA IR, Al
BT IR R A AN ZEIUR,  We A JLIREERE T FHAS [R5 Bl ot J32 F) I e i e
B LW, 0S8 A DR ) 22 A ORI, 90 2 18 52 ) e ] B 5 ¥ A R R AR
ShEVERE S AT AL, Bansh/K b SO CLU I B, 45 ELEEHERE, Haibg R v
i HAR, RO E OB AR, W TR a5 T,

")l"')("">
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30 pihza CURMUEHSAEAREL, XA O, FERMER R E R L T AN RE
WERE, KRR MFRRE 10 52 )5 FRUERESE AT 133 C1U 59RE SO, Z IR 43 75
X T AT HERE I KA A, — RO AR 30%, R IX ANy Flt 2 Hy B
PNIIREPRE WS (2) BRI BRI T 3 A I 51X o] i A3 A0
FHAT AR, A B R ROR A NG, XFRXM GO0, KR T B 818 2 3 5)
FHZ A, 38 N2 R Fead 2 i 73 2 77 R 77 30 140, NOs #1 ClOs—, Hi T
AT LA B S 7 ARARALL, £ 1 1A #o BAE EAGHE, 2 Cl0s sk Pk
KT NOs™, R TR EAURA S 007, LAINO, 5 CU{EME 728 &
A OR B I TR AR, 3 AR R R CL MR SO KT NO, A 70 1 58 T WA s
{H NO, 751 UV Wi, 1y CUWARSS, DAk, nl SO R AMa &4l € NO, ™, H
HLSP RN CL 5 sRs AR I & R 0BG, 1 IRIERE RTINSO 15 NOy X ik
sERH AR T, ARME Y, i TamRA IR, RSB, H
ATIHAEIR B (3D FERBIARE: ik B R 2 1 igillsE 6
UiE A BT I S SRl IR T AR AT i A 3 4 A AL B (4) EFE
BRIV 7 O B L TR T AR 2T 2 TR B AT s e
BZES, 4 TR NS, PR B AL 1 NAT AL KPR & ) o
T3 B BEVE SR (3= 1) W] R 50 9 O B i i) 2 B R o5 70 1 o AR SO i i
ALY E , T SR L PR T 2T 1R 1 DR P IS [ oR SO P R 2 B RS, LA

2]
2]
A Cc
a b d
| ' 1 I 1 | I ' 1 1 1 | I ' 1 1 1 | [ . | 1 1 ]
0 2 4 0 2 4 0 2 4 0 2 4

t/ min t/ min t/ min t/ min

Fig. 3-3 lon chromatograms of glycolic acid and glyoxylic acid
solution: 10mg/L glycolic acid + 10mg/L glyoxylic acid
eluent: a 2.4mM Na,CO3+3.0mM NaHCOs3; b 1.2 mM Na,CO5+1.5 mM NaHCO;
¢ 0.60mM Na,CO3+0.75mM NaHCOs; d 0.40mM Na,CO5+0.50 mM NaHCO;

suppressing current: 40 mA; sampling volume: 100 uL; flow rate: 1.5 mL/min
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SEHG CRERRFN LR I 7 8 B oA o

4] 3-3 25 AN [ BE VRV T LB B AN £ TR TR 5 VAR R 5 1 (0 i 16T . ML
A LAY Bt T I R T 2 V1) O B I D) B o It 0 B2 R BRI M S A, [
M5 LIRS W2 i 7y B8, MR A 0.40 mM Na,COs + 0.50 mM NaHCO;
I, ZIEIR 5 LR REAR I 100 T o 5 T TR R 2 T 23 14D A% B T T e ol o o o
VERE, i 3-4. H4PEBERCA 2.4 mM NayCOs + 3.0 mM NaHCO; I, ZBFERS L1
PR LRI TR Z2AL 0 13 B 4UEHECH 1.2 mM NayCO;3+ 1.5 mM NaHCO; i, 2%
M2 5 CTETR DR FEIN TR 22At 2 21 #6 {uEME#A 0.60 mM Na,CO3+0.75mM NaHCO;
N, OBFR S O OR B IS TR ZEAt 2 31 80 T 4Pl 0.40 mM Na,COs + 0.50
mM NaHCOs I, ZBFIR 5 SRR IR B I RIAL Z286 K0 40 75, BAREF 15 B

2At  2x40

(R= =
w, +w, 16+18

=2.35>2)0 AR DL AIZUEBOR SEELN Z 87 IR L1

MEAT ENEE B R T . K 3-4 WAL B A, (1) BEAVEBGBIR L I,
LTETR AN LR TR DR B N TR WTIG K (2) LMFIRAN LTEEIR P B I ) 2 ZE At BEE

180 * glyoxylic acid
® glycolic acid *
Q
2 160
g *
T 140f
=
5 * .
B 120F °
*
[
o0 ®
1 1 | 1
A B C D
eluent

Fig. 3-4 Effects of different concentration eluents on the
retention time of glycolic acid and glyoxylic acid
(A) 2.4 mM Na,CO3+3.0 mM NaHCO;
(B) 1.2 mM Na,CO;3+1.5 mM NaHCO;
(C) 0.60 mM Na,CO3+0.75 mM NaHCOs3
(D) 0.40 mM Na,CO3+0.50 mM NaHCO;
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AR BE I R BT, T wy AT FEACRAR, PRI R BTG R, PRI AR S
#H 0.40 mM NayCO; + 0.50 mM NaHCO; R Pt L BER A LB RRIEAT 2 5
52 BRI AT o

3-5 25 AN R DR B0 T SR IR B 1 (% ], R J O P I ) B 3 vk
(BTN e UGB 2.4 mM NayCO3 + 3.0 mM NaHCOs I, 502 [ {4 B4 1)
4 16°167; 4UEMEA 3.6 mM NayCOs + 4.5 mM NaHCOs I, H R {4 B 1 a]
h10°59”; 4YEBBCH 4.8 mM NayCOs+ 6.0 mM NaHCO; I, R (1 {4 B N a]
8°217; 1 YL A 6.0 mM Na,CO; + 7.5 mM NaHCO; i, HERR {4 B i E)
65270 N K PUFPAN ) 34 B2 10 e JBd o8 240 T LA S 30 0 R () 2 ey P A L P 1 0 53 T
B8 n] SIS SRR AT i M T o (EE MK 3-5 T LLRA A, PR iR
FERRAG, ORI B 7 (A i W RUBR 5 o [R] I % P8 e I Y0R8 K v v LUK 8 1 (3% AT

16’°16”
a N
s
K 10°59”
o]\
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retention time/ min

Fig. 3-5 lon chromatograms of oxalic acid
under different eluents
(a) 2.4mM Na,CO;+3.0mM NaHCO;
(b) 3.6mM Na,CO5;+4.5mM NaHCO;
(c) 4.8mM Na,CO;+6.0mM NaHCO;
(d) 6.0mM Na,CO;s+7.5mM NaHCO;
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FL AR, R4 2% e AT 136 ) 4.8 mM Na,COs + 6.0 mM NaHCO; A e i ik
TR R e 5 g = T

§3-1-3 ZEEE:. CZREFERKNRNEEENE

I BT L SR IE AT IR . 2 IR AT R R (R R AU, FRAT TR )
— BRIV BERAR AR AL AT I, BRI A 3 SRR . L T R 20 1R 1) e 1K
R R

Bl 3-6 43 AR SRR QIR IV B T el ], (a4 0.40 mM
Na,CO; + 0.50 mM NaHCO; (UEME), 40 mA CHIHIHLH), 100 uL GHAEARD,
1.5 mL/min CGRUIED, HESAM K70, MWK 3-6 FTLVE I, %7770 LBER
(IR LT R R A8, W VR EESA 2 0.2 mg/L I B eh e L 462 B4R B 2

04 F

G/uS
(@)

02 F

0.0 |

0 1 2 3 4 5
retention time/ min

Fig. 3-6 lon chromatograms of glycolic acid and glyoxylic acid
(1) 0.05mg/L glycolic acid + 0.05mg/L glyoxylic acid
(2) 0.10mg/L glycolic acid + 0.10mg/L glyoxylic acid
(3) 0.20mg/L glycolic acid + 0.20mg/L glyoxylic acid
(4) 0.50mg/L glycolic acid + 0.50mg/L glyoxylic acid
(5) 1.0mg/L glycolic acid + 1.0mg/L glyoxylic acid
(6) 2.0mg/L glycolic acid + 2.0mg/L glyoxylic acid
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i, SRS AN CRERRIGIREE Y 0.5 mg/L B IE R . KHits
T P R L I 1 P R 00 PR P LA IS A4 0.2 F110.5 mg/L

B 3-7 25 AN R RS B R I B 1 ], (%5610 4.8 mM Na,COs+ 6.0
mM NaHCO; (JEMi D, 60 mA (FPHIHEHRD), 100 uL GHEFEAFD, 1.5 mL/min (i
HO, R GO ME 3-7 BT, 1TV R AT AN W) £
MR R MERRIMREER 0.5 mg/L I A RS RIAR B S8 (1 1 e, DRl M R g F R
BRZ14 0.5 mg/L HE 2.

0.5 f
oxalicacidT
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0.0 -—-—-1
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retention time/ min

Fig. 3-7 lon chromatograms of oxalic acid
concentration of oxalic acid: (a) 0.05 mg/L (b) 0.10 mg/L

(c) 0.20 mg/L (d) 0.5 mg/L (e) 1.0 mg/L (f) 2.0 mg/L

§3-1-4 B TR I3 FRA9EBRA A

H T PR R B A BRI A AL A s FE I SRR, BfiliE
FH BT S7 1) 88~ (0 3% P e A W2 00 R HL 5 ol S T TR VR TR 46 4 AT 17 A I 5 47
Mo AT ERAL,  FRATDREHE 2 3T K 2 BT I 2 TR A 20 it 1) e R FEL A i 00K
205 1) PR BOIEA T 25 - C 1% F A 23 AT
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§3-1-4-1 BERPERNEESEESH

g R B TR A IO i 2 U DR A A A ) B R R P AR AR ) R R
IR (7). HR MNP DT R GRINFD MR CR=YD.
SIMT IR 2 H AR I AR T OIS . RV RR IR (B, HMERE
FEAKHMRE 2,500 £ Jo HEAT B 5~ (i 0, (i 544 4.8 mM NayCO3 + 6.0 mM
NaHCO; (efliiif); 1.5 mL/min (JLiE); 60 mA (FHIHSR); 100 pL (HEAF AR 1

10.0 1 »

50

G/ S
(98]

retention time/ min

Fig. 3-8 lon chromatogram of anionic speciesin electrolyte of
oxalic acid electroreduction to glyoxylic acid
eluent: 4.8 mM Na,CO3z+ 6.0 mM NaHCOs;
flow rate:1.5mL/min; suppressing current: 60mA;
sampling volume: 100uL; conductivity detector
peak identities: (1) H,O; (2) glycolic acid and glyoxylic
acid; (3) bromide; (4) unknown; (5) sulfate; (6) oxalic acid

W7 SR K] 3-8 45 H HL R I B T e Il . RO BN A, i
1, 2, 3, 4, 5H16 NRHRINAKEE, ZRERE CMIRESE, Br, Kk, SO
CHERR . NETR LB R E W, BR T BRI R I R AR S, ik
B REAMR I Moy 5. DRI, FEARIA (b 40 0F N IAG — RIS IR AR R, 42
bR TAERhZe, il 3-9, FRPRAE TAEhZ T REN y=-7.646+13.746*x (y: UIHI
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B, uS.s; x: WKRIEE, mg/L), MR r 4 0.9998. ¥l 3-8 Hrilkig 6 FEATIHIAIAR
95 AN TAE I 7 FEVH ST AR 2,500 £5 5 FE MR SRR K B0 11.84 mg/Ls
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2 4 6 8 10 12
concentration (mg/L)
Fig. 3-9 The working curve of oxalic acid
calibration curve equation: y=-7.646+13.746*x
(y: peak area, uS.s; x: concentration, mg/L)
correlation coefficient r=0.9998
30.0 b
w 200 |
=
© 10.0
[ a
0.0

0.0 3.0 6.0 9.0
retention time/ min
Fig. 3-10 lon chromatogram of anionic speciesin electrolyte

eluent: 0.40 mM Na,CO3+0.50 mM NaHCOs;
flow rate: 1.5mL/min; suppressing current: 40mA;
sampling volume: 100uL; conductivity detector
peak identities: (a) glycolic acid; (b) glyoxylic aicd
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§3-1-4-2 BEHP ZEBRMNIBRINEESEESN

MIE 3-8 WL EI2 DL 4.8 mM NapCO3+6.0 mM NaHCO; A UL, ZEEi A
CTETRI WG R AR R, TOIEN QRN L RERRAAT 2 2 i A, Al
W FAR AR 10,000 £, 1E IR B K 0.40 mM Na,COs+ 0.50 mM NaHCOs Vi
VAT, IXFE CRE TR AN LT RR I i 0l BEAR L4t 73 50T, Gl 3-10 o
WhIEE a JE CRFRRIV G, 50 b oy QMR e i H., 504 b R LL i a
KAFZ, v WA AR T SR 0 IR A SR I 2L =), B SRR T AR
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Fig. 3-11 The working curve of glycolic acid
calibration curve equation: y=-6.840 + 9.438*x
(y: peak area, uS.s; x: concentration, mg/L);
correlation coefficient r=0.9995
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Fig. 3-12 The working curve of glyoxylic acid
calibration curve equation: y=-8.204 + 8.595*x
(y: peak area, uS.s; x: concentration, mg/L);
correlation coefficient r =0.9985
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9.438%*x Fll y=-8.204 + 8.595%x (y: V&ML, uS.s; x: WAL, mg/L), AHKREH
4 0.9995 F10.9985. #4514 3-10 il a A1 b [AFSY, AANE B TAEML yfEt
SEAITRRE J5 (R h SRR A SRR IFIUR P 53 73 2 2.543 mg/L H1 52.11 mg/L.

2, PATT T RS B €% e S A I B A R F 1 R R A SR B L
MR Z A, I R FIVR B DE R SE B T 0 SRR LW RR 2 R (1 PR
HER IR E ME g A 0 B o AEA RSV (4.8 mM Na,COs + 6.0mM
NaHCO3), #HIHLA 60 mA HIEAIESAE T, X AR R SN 56 1K) S M A9
BT EVE S E BT, MHASAT T ORER S RIS R AR S . i
OSSR IO R IR SR 05 S REIR 5 SRR M 4 1 1, AN SE IR L RE IR 5 WS TR 1%
W PR 3 5, IR BN OFEIR Y SRR IEAT SE M s T H . A SCHE RO HOUE
JiE38 (0.40 mM Na,COs+ 0.50 mM NaHCO3), I N 40 mA (a4 A1F T,
X HUBR T CRERR CRIF=90) R CREIR (=) JEAT 2 M 5 5 = (R RS 43 AT
S S BUA R WIZIINT CRER . SRR IR IR P BRIE S 107/l Bomgy, H
SHBE T AR IR AN SC R BT 1. BT B SR DI B
I R A PROHCRI A% TR AR A, T L BE R I A 22 AR AL 4) o AR SCH ST I
0 T P A IV A R PR I i LT TR o RS 5 B SE PR . A A
DFNG3 A, XN LS R SRR A 7 K A RE VP, Ty R B HESN A LS
FCEMb) R e AT BRI AR
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§3-2 BT BILHERNEREZ_BRELEH ZEER PR

L R A AL T 4 LB MR EATATHL AL & Ry R B AR5, e LR & K
(R — PP E AR AR AT R, AR A B R R SN ERR I T AR AR S B A
RPN R RARN ) R AR SR A A, R RE P A2 e S R A
P EE R SafE L R AL R R, AR B R e L OR
RIGEIRI RN SRR (=9 MR GRIF=H0) . IR . HERf o
V) CRERRAN £ V0 Al 6 For oA S A RO R R, Bl 4
MERR AN £, AT W SEARALR 73 7 454, AE AT AR 3 W R K 0 i S
LG AR Ko IEA G TE T2 N T 1 S I A (KA I vk . I 2GR
Sl LTS QIR B, L RERA R B Y ROV E RS ERR T E 2R, 14
S R P FH A R s 150, AR R A D SR BRI A 3 S e Stk . S
L prig e Y, S EART  SAT, E T ACR T IE R AR, A AR,
X S IR A R AR R AT Rt (R A RN, AT 3 B30 5 Hi e 1 26— A SRR AR
AU, TN, SRR ZER R IR =P G R E &
MR AN 2 MY, T QRN £ A AT LS I R A A R R AR
55, DL OMERRAN £ R 20 e o3 ol SR s, - 2K, F AR e 1) L8
MR IGAN £ g, ARJE A RE M 0 e G BEVRIE o P Sl 1 S B e e S i R
KR, SEOEA AR, REROR. IEHE LRk, REE
iR HAT T3 ATOR 7 (03 d SR IS HI 21 £ BB SR AL & i L 1R
R SRR E M E AT S TS, AR T PP REE. YRR RO, SBL
XA O AT PRI L YRR A R S A

§3-2-1 ZBERY4SFRTERR

LTSN, AR AN LR IR A, DU Bie EIoVE R B
i A AR AT AT . B, 2R EERENS T, TR
AN BEIEZL R, AN Fra—H, /e s S S i~ o R ARk e i &
I A i TR

C OH H,0H

| + H,0 ——» ?

CHO base COOH (3-2)
glyoxal catalysis glycolic acid
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3-13 25 H T VA 2.4 mM Na,CO; + 3.0 mM NaHCOs, 3155 #1374 40 mA
i 20 mg/L & /K ik i, B O SR 31— AN R K fde, BIAE %
O R IR B £ Otk . S seElet 2 R E M S e A, 3

18.0

120

G/uS

00 r

1 L 1 L 1

0.0 2.0 4.0
retention time/ min

Fig. 3-13 lon chromatogram

solution: 20 mg/L glyoxal
eluent: 2.4 mM Na,CO; + 3.0 mM NaHCOs;

suppressing current: 40 mA;

18.0 T

12.0 |

G/psS

00 r

1 " 1 L 1

0.0 2.0 4.0
retention time/ min

Fig. 3-14 1on chromatogram
solution: 20 mg/L glyoxal
eluent: 2.0 mM NaOH + 0.05 mM Na,COs;
flow rate: 1.5 mL/min; conductivity detector;
suppressing current: 40 mA;

sampling volume: 100 uL
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f112383% | NaOH /NayCO3 P IR Gl S UE i, BN 2.0 mM NaOH + 0.05
mM NayCOs A HEBR - ik LR 40 mA W GE N 1.5 mL/min. BEFEAR N 100 L,
X 20mg/L 1) & R EE AT (A, 25 R At R IAE OR BE I T) A 2.6 min Ab
I — s AR kg (i 3-14 fon). EM RS T 0.20 mM &

16

12 |+

G/uS
o0
T

| 1 | 1 | 1 |

0 2 4 6
retention time/ min

Fig. 3-15 lon chromatogram of 0.20 mM glycolic acid
eluent: 2.0mM NaOH + 0.05mM Na,COs3
suppressing current: 40 mA;

flow rate: 1.5mL/min; sampling volume: 100uL

BEMRVABGEAT B ORI, 45 AP 3-15 fis, LFEPRRIGAR B A 27327, &
I & AT NaOH/NapyCOs A T I PR 5 - €0 135 068 1) O3 B I 1) 55 1) € 3% 2% 1
N PR A OR B IR 2, R AT DU BB DR 2.0 mM NaOH + 0.05 mM
NayCO3 51 T~ 4 AR AT TP R AR JE 2 2 SOy, AT A 2 - (0 3 HL A )
A0 380 A B U o TR A S TR AR SR AN B T FH € A DU AR
SE [ & /Gy T REAT RN 43 A 6

§3-2-2 ZHBBFIZ BTSSR

B 3-16 K FH B 7 (0 i b A I VLA I S R A & — W 1 B T 1 . A
HORIVE TSR B, BTN S R SRR B L TR, TR Ttk I
HHBL LA, o BRI OR B 1208 4.5 min (&) 3-16a), £ IR B B
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[MZ170 2.5 min (& 3-16b); A HENFE MO8 LRERR A £ —RERITR AN, U0 30
FHI DR B IS T AR HY B 2 AN (] 3-16¢), 2 BHAZAG I 5 325500 Aar i e R A0 &
W B ARG (RPN 7 B L

0 2 4 6 8
retention time / min

Fig. 3-16 lon chromatograms
a. 30mg/L glyoxal;
b. 30mg/L glyoxylic acid;
c. 30mg/L glyoxal + 30 mg/L glyoxylic acid
eluent: 2.0mM NaOH + 0.05mM Na,CO;

§3-2-3 ZEAMIIZ —EHESHRN

3-17 45 SR FH 51 (00 1 . S A T2 0 T TR S ) £ RS P s A58 T 7 280 11
PRUE TAEMIZE . R aliEmisth G H, 76 2.0 ~ 12.0 mg/L RV, KA
T30 5E K SRR MR 5 (mg/L) 5 FUbRE B 1 (0 0% 6 5 52 (S.s) 2 [a) B R AR 47 1)
RS FR o MR RN y=-4.914 + 7.878%x (y: W&, uS.s; x: WSE, mg/L),
FHR AL r=0.9996. [ 3-18 KA [F) (i 45 A1 N A £ — e b VA VI 19 3 TR A
TAEMZ . PITE 2.0 ~ 12.0 mg/L WREEJGIH, RAAT0E (1 £ — W 5 (mg/L)
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1001 1801

150

Peak area (uS.s)

80
o 1200
60 2 7
- 8 oof
®©
40 X
§60-
20 30F
0 | , | , | R | , | , | , 0 n 1 " 1 " 1 " 1 " 1 n 1 n ]
> 4 6 8 10 1» 0 2 4 6 8 10 12 14
concentration (mg/L) concentration (mg/L)

Fig. 3-17 The standard working curve  Fig. 3-18 The standard working curve
of glyoxylic acid of glyoxal

55 SCRRUE B 1 (A 5 0 5 % (uS.s) Z MR I AR GF I et DG & o ZR Pk [ A 5 AR A
y=-6.225+13.371*x (y: WEHIAL, uS.s; x: W, mg/L), MIKAHE r=0.9998. %
A 2R 250 (] IR ARSI 0T R RTT 0 — P AN RAT A R B 5 DRk R A, i HLRL
AR R

§3-2-4 Z_BBFHBIEHERRLN

b5 FH BT 0 B €0 1 L SR AS 0T £ H AR A i ST R A
WAL AT T AR 5 23T o T T FR RSO P AR LA T T AR 5 40 #r, R
WOSRUNF: a. FH 28 7K BRI O A0 BRI B I BERL AR (4.0 mg/L &+
10 mg/L LR +5.0 mg/L CI +1.0 mg/L 58); b. 2 1 (038 s A L4740
Ws . R FAH N RIAR TR A il 2k 5 AR SRR . 181 3-19 4 RS 1
T PRI A AP0 PR T 5 7 (s, T LA S ISR B 3 Ak, JLb A
AN L. B AL C o4 Cl IR il . BRI 2 1~ (il I /e AR S
AT HH IR ] 7E 30 202 . 3 3-1 MR 3-2 23 B4 th 20 R ZL S IR K
gh L, MWFRART LA RS IME 5 B S AT M, 22 AT VG 2 Y
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C
6.0 [
A
40 B
n
=3
O
20
0.0
| L | L | L | L | L |
0 2 4 6 8 10
retention time/ min
Fig. 3-19 lon chromatogram of the solution: glyoxal
(4mg/L) + glyoxylic acid (10mg/L) + CI™
(5mg/L) + oxalic acid (Img/L)
Table 3-1 The analysis data of glyoxal
No. W EAH (mg/L) R {H(mg/L) RSD(%)
1 4.17 4.2
2 4.10 2.5
3 4.15 4.00 3.7
4 4.06 1.5
average 4.12 3.0
Table 3-2 The analysis data of glyoxylic acid
No. A (mg/L) PR {H (mg/L) RSD(%)
1 9.85 -1.5
2 9.93 -0.6
3 9.90 10.0 -0.9
4 9.89 -0.8
average 9.88 -1.1
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§3-2-5 BT GIEWZZBERNE K IR B BEAH ZRBRINERARE RN

LR PEE AL R S R SR AR Z b, S AR 2 IR AR 4
WER CHAR=9D Sl CRRIVSEM RN LSRR HCL. T H AR
) CRERR A BeAE O AR 2t B AR AL, i LSO AR ) 100 %6 (R PR,
PR S LA 9 A A /D i B B AR R I = P R o X LA T H A 7 ) L T PR A
PRI, RT DA SE G T ARG A R B R, TR B [ I X T A e A T PR
HERF ARSI, R AL A TR TR IE 5 I 23 50 1 e 8 55 L A T 2 FP) A R0 S8 o 2
o AV R NapCOs/NaHCO; TR A AE A 35 1 €6 1 HE S S50 A Wk i
W, X SR RN B [ I AT 5 1 5 (R R 43 #

K] 3-20 454 15 mg/L L2+ 15 mg/L B RVEWAE 4.8 mM Na,COs + 6.0 mM
NaHCO; APl i i (1 25 7~ (i &, S HL i 4 60 mA, BEFEAAEL 100 uL, iiid
1.5 mL/min. {4 IFTA] % 88 L] I (i g Dy 7K S, OR B IS 1) 98 F0 i) 0 LR )
g, TOR B I T 7E 488 FD N RERR I (il . i ToKIGE S RIS I SET, [
BB A 1% LSRR W Ve AT T AR AR 43, FRAT D0 (0 il 2 5 7K W AT 22980, 45 R
B 3-21 fivs e B ] DL 2K W 58 4 2208 B, JE— B AEARIRI I (i 46 AF
Hl 4.8 mM Na,COs + 6.0mM NaHCO; Al i il 60 mA. BEFEAATA

20

T

2 st

%ol L JL
0

I 1 I 1 I I ]
0 3 6 9 12
retention time/ min

—
()
T T

_
o

Fig. 3-20 lon chromatogram of 15mg/L glyoxylic acid + 15mg/L
oxalic acid
eluent: 4.8 mM Na,CO; + 6.0 mM NaHCOs;
flow rate: 1.5 mL/min; suppressing current: 60 mA;

sampling volume: 100 uL
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100 uL. % 1.5 mL/min W EI5EEAT, A RIIARIKEE R SRR 5 SRR tER
BT A T O T IE, RFIAT ZE IR BE, 0 MR 5 IR ) B
T O AT AR, a4 B AR RO IR EAE ], 13 SRR AN
RRIIARIE LAE Mk, 0l 3-22 Rl 3-23 o #5305 AObRAE AR th 2071
y=-8.636+14.284*x (y: peak area, uS.s; X: concentration, mg/L ), 1< &% r=0.9998;
M LR AR AE LA th2k T FE N y=-8.722+9.380*x  (y: peak area, uS.s; X:
concentration, mg/L), AHICHRE r=0.9997,

20

IS5+

T

10

G/uS
S v
T T
—

-10 1 A 1 A 1 A 1 A 1

retentiontime/ min

Fig. 3-21 lon chromatogram of 15mg/L glyoxylic acid +
15mg/L oxalic acid (ZERizKIE)
eluent: 4.8mM Na,COs + 6.0mMNaHCOs; flow rate:
1.5mL/min; suppressing current: 60 mA; sampling
volume: 100 uLL

300 450
2 250 L 400r
a I wi 350
§ 200 = 300 -
& 150 8 250}
i 200
?@ 1007 ?g 150 |
50 100 -
O [ 1 s 1 n 1 s 1 s 1 L 1 s 50 L 1 s 1 s 1 s 1 s 1 s 1 s
5 10 15 20 25 30 5 10 15 20 25 30
concentration / mg/L concentration / mg/L

Fig. 3-22 The standard working Fig. 3-23 The standard working
curve of glyoxylic acid curve of oxalic acid
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W BHAR F AL AEAL 0.1 M 20 J+0.1 M HC 9 3 /NI ) F R BE 100 1%,
FH 8 - €1 o AR AT H s A T 2 o €318 251 4.8 mM Na,CO; + 6.0 mM
NaHCO; APEBi . #HI Ry 60 mA. HEFEAFIN 100 uL. %iE 1.5 mL/min,
sl 3-24 ProR. (i a h CRERRIGTGE, Ak b b SCRE AR CL Y
e, R o S RERRIES TG . WA RSO AR A Ay 2 AR
CWERR, THIEN =) HEIR I W VR /N o B0 a A1 ¢ TIARER Gy, 20 RN SRR AN A
T2 PR b A AR il 2 J7 R BRIy oF 549 3 i S TR VR B2 0.0439mol/L, Il
PR (AR FE AN 0.0012mol/Le A4 IIASH 1) FELAR VR £ S R R 12 1) 25 AN R,
HISR . IR PRSI A, BIA] SKRAFAH NI 24

b 2.0
C
120 [ 151
w2
=3
n GI'OA
=3
~ 0.57
O
60 [ 0.0 ———
a 69 72 75 78 8.1
retention time / min
M c
O.—
1 1 1 1 1 1

retention time/ min

Fig. 3-24 1on chromatogram of the electrolyte

EIRWPIAIRAR L, FA D ks 100 i A BRI ] T 4 e
PR AL & I ORI R T B Rl (ORETRAN £ 8 IRl . 16
2.4 mM NayCO; + 3.0 mM NaHCOs 1A UM, Joidons & AT (HI50bik
PO MEVE K 2.0 mM NaOH + 0.05 mM Na,COs A yefiidi, By szBist £ — @dkfr
R, R I & AR Sy BAT TR A A R AR B A S N AR R SRR, AT RS BAIE
Bl B A AR AT 00T . 243 2.0 mM NaOH + 0.05 mM Na,COs A /it
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W TR & T AR S B SR R I B AR (OTERR D) RIR SR 58
(1) S N4 (& D AT RIS S RO S HERF IR 2047 o #71%6 FH 4.8 mM Na,COs + 6.0 mM
NaHCO; 1 A S 5t A ) w] SB[ IR0k e g v AR 740 COTERR D RN (HR)
BEAT PR . RS REIE . BT el i S AR R R S D R £ R AR
WA 1l SRR TP A R SIS L PR R IR AL T HOR B SCRE, 100 HLAS R R 1Y
PR SRRV B E R
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§3-3 BFGBIEAERERDRBEHN T —BAERT A

TR CIEARIRIIIR D I A HORS i AL 22 i A5 B R 28 AT B 5 (1 Hh ) 4
BTSSP EE R, Tz TRRL B2y GeRk. ATHUBRE. AR Ak e
B BERRM G RS A I AR s R AR IR AL A
RAEER] . B A b fig JoAk 2 A ) A ATl

TR IRERZ, Tl A BN A R I EGE . Ak Al
FE IR AN N AR FAR S RREAT, AT A BRI AT A
TR, L2WRk. Yk sett e, RAWEG BRI s ik,
5 R R A 1 R RE AL L — ANz AL A R R,

TP T 5 SRR P R A 3 Tt o 6 1 PR AR VB 0 20 T (1 5 9 2 B A 5 00
Brike A HEBAE D R S, RERK. 87 O3 i S A B AR N H 5
SRR P AR Sl 2% 1 R R AR v 4L o 1R e PR B S B e M b AT LS, TRASIBL
Pod . AR SER I ATINE 6 Al R A R S

§3-3-1 ERERFIT —ERRUE ISR

B 3-25 5 HIE s 7 £ i o SRR A T R E SRR () 25 1 (it 45 IR
il Sy YERGR 4.8 mM NayCO5+6.0 mM NaHCOs, il HL i 60 mA, #EREAA
100 pL, YI# 1.5 mL/mino B HOREARER A DR BY I [R)/73, PAAAKR A LA ] 1
IR, R RE S A T T RREC SRR I, 7R BT ik o
1AM, Hob T R RIS Z R 4.5 3Bl (K 3-25a),  E SRR A BE I ) £
6.5 A3l (Bl 3-25b): UAIIARE A T IR B SRR (KR AR, W43 Sl ZE AR
IS PP B N TR) A 25 H L 1 AN 15 06e (18] 3-25¢), R BN e J7 VAR RN T — R AN o
SRR B AR IR 43 B L

§3-3-2 ORERFT _ERRIEE SR

K 3-26. 18] 3-27 435 I8 F T 0% e SRS IVE RS DU T RR bR RO 1 R
TRAR AR 2 1) AR Ze . M AIE i, 75 4.0 ~ 24.0 mg/L WREETEH], R
HIATENE )T IR E (x: mg/L) 5 HbrHE & 7~ (e s B GE I IF y: uS.s)
A ARG P2t R R o ERPERDA RN y=2.794x —0.882, AKX HHL r=0.9999. i)
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B, SRR R 5 AR B 7 (i e i B 2 [R) SR AR I IR OC R o SRR R 5 7
H y=6.559%-4.806, HHIKZREL r=0.9995, B ZM & 7y R T R Aok IR L

AR F I R o

(@] =

% A (b) K
=
3
O
(c) T MR+ kM
0 2 4 6 8 10

retention time/ min
Fig. 3-25 lon chromatograms of maleic acid and succinic acid

a. 20mg/L succinic acid; b. 20mg/L maleic acid;

¢. 10mg/L succinic acid+ 10mg/L maleic acid

160.01
L, 00T ©
2 4120.0F
=40 t o
g | 8 g0.0f
3 <
3 20 1 T 40.0}
3 r o

0 T 0.0 e
0 5 10 15 20 25 0.0 5.0 10.0 15.0 20.0 25.0
concentration / mg/L concentration / mg/L

Fig. 3-26 The standard working Fig. 3-27 The standard working curve

curve of succinic acid of maleic acid
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Gl IR R DRARANSE L b= ok TBk

§ 3-3-3 HELITIR T RERHIFT BN FH L6

P 3-28 JEAEAEH HIAR_EJTAR Pt-Bi-Pb HELEAL ],

SRR ] o 1 45 PR R 500 % 11
I,

TH LR 9 mA HLf# 0.125 M
B, M B R =

KA (1°267), PP T IR (4277) TR RS8N R IE (6°287).

PR T IR AR D A i o PRI TRV TG O, i e A R R ) e i P
it PP IR R0 T RS o R T R L SRR (Y A T AR AR 0 AR AR R (il 5 A 1
(RIbRiE LAR TR, AT 20740 1 IR U R S 58 1Y) H R IR 1

r TR HKR
40 - a
20 F §
o BN
i Y
N
e )
~ A
5 00 | .
20 + KU
—4,0 | L | L | L | ! | L | L | )
0 100 200 300 400 500 600

retention time/ second
Fig. 3-28 1on chromatogr aphy of the electrolyte (diluted for 500-fold)
electrolyzing time: (a) 94 min; (b) 187 min; (c) 268 min
eluent: 4.8 mM Na,CO3+6.0 mM NaHCOs; suppressing current:
60 mA; flow rate: 1.5 mL/min; sampling volume: 100l

Table 3-3 Contents of maleic acid and succinic acid

electrolyzing time succinic acid maleic acid
(min) (mol/L) (mol/L)
94 0.1154 0.0074
187 0.1071 0.0206
268 0.0661 0.0608
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W 3-3 Prome AT, BT O i A EOR BEARE L [R]INX FLARC T RA
KIRIHAT N g BT

RIS S R AR R T O SRR AT S B R R R T
T FELAR VB P T B B ORI | IREEAT RIS PR A ) T e T

§3-4 KE/GE

B OE R &, T EEDR,  REREAT 2R R IR (R I 43 2 B N 4 A
SFBIES P AT R UL, (e FERE I T, SRR AT T,
RSP ATVE R L MR AL A S 0 A 0 T BAE, B Ok R S A A )
T HTRA T A P AR A . I, DG TR i R A AL A B R
FIIRIEATIIRAR D o AR SO AR T 88— (i v S A 5 25 01 W FH T ARt ek
HUEJR G I ORETR . £ W Pert AUl 4 IR, DA oK IR M Ik I e T
TRRIE R RS MR R DR HERR 1 € PR s AU A AT, 3O HLA A R
(A =g SR REPAN, Jh Rt — P HESAH DG MU A e b ) A e HAT B 1
M. BRI ARREE R E iR

X TR IS RS R O EEIR A R AR IR VIR (4.8 mM NayCOs +
6.0mM NaHCO3), HIHLA 60 mA M OIGAAE T, b HUMR R R S M. 58 1) S
PRV T EVE S BT, TR AT T OBFIR S SRR 11 I e i TS
T SR R TR (R P R A LR TR S LIRS, SRR LR Y LR TR
Wy o> B, BB AREIR S QIR AT e M 5 e s T I H 1. TR IR
¥ (0.40 mM Na,CO;+ 0.50 mM NaHCO3), Il HL K 40 mA [T, X
AR I SRR (R0 M GEERR (F779)) JEAT € 1 5 e Al 4347
S S BUR R WIS CRER . SRR IR IR 1 FBRIA S 107/l Bomgy, H
SHBE T AR IR AN S R BT 1. BT H SR DA A B
AN SR DR 5 A (S A P34, T LIS R S B I I 22 A4l o 2 E )

T BB T R SR AR N T 4 e B A A SRR L R
FEYFN (LR ) HIPREIE . K 2.4 mM Na,CO; + 3.0 mM NaHCO;
VERVEBA, ToVEN & “REFATR U AR TS Wb BEAgPE WK 2.0 mM NaOH + 0.05
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mM Na,CO; AVEMGM, BInTSEBN £ ZFEATRN I o &I & — WA 7 B A v Al ik
AR AR RN, A2 T CRERR AT T LAz 85 1 i v A B AR BEAT 4304
3% ] 2.0 mM NaOH + 0.05 mM Na,COs A PEML, 7T LU £ - fE A A0 il S
R ) B RS ) (ORI AR RN SEM RN (L) BEATIRIINT . R
L MERI AT, S 4k, ] 4.8 mM NayCO; + 6.0 mM NaHCOs 1 kS ey i mf
SEEL AL S AR R H AR (GBEIR) RBP4 R RIS R T ds . R
b T o B 0 A MR B R i ol & 1 r AR A B R T PR e R S
PLAPIRP S PR ISR T HOR B SR, X LA R R AR R e A
FEVEM BAT B2 S

= (RSB IE RS BT IR &R, i 4.8 mM NayCOs + 6.0 mM
NaHCO; 1F A eI, 25 i i SR I S 7 o0] A A J B S R il 46 T 1
HLAER A LR IR AN T —RRIEAT I L R, MERR e M S e B AT

S 3
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Fig. 4-1 In situ MSFTIR spectra of bulk Pb electrode in 0.5 M oxalic acid; Eg:
-0.40V, Es: -0.45~1.80V; Egep: -0.05V; resolution: 80m'l; scans: 400.
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VAR h & I KE; 1383em™ ¥R EE OH TH A AR AR 1210em™ Ay FR 3t
C-O MR 1074em™ 5] FREWEFRIN K £ 84> T h=CH R84 4R 5
W, MBI HR R LI AR S5 27120 2591, 2343, 1728, 1383 F1 1210 cm™ £}
T U U R B I FRLASE 10 v T R R, R RN AR B SRR I R OR s R £
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Fig. 4-15 In situ MSFTIR spectra for Pd/GC electrode in 0.5M (CHO), + 0.1M
HCI solution; Er: 0.0V; Es: 0.10~1.30V; scans: 400; resolution: 8cm™
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= e ¢
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Fig. 4-16 In situ TRFTIR spectra for Pd/GC in 0.5M (CHO),+ 0.1M HCI
solution, Er: 0.0V, Es 1.20V; scans: 20; resolution: 8cm™
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T BEILIADE N 1 41 2y W A i b 3 0 1) i P82 A T8 T 38 K o

22 30 LA I BR 2T Al 25 SR mT e >4 e AR A7 5 T 1,00V ISf RITAT Y S5 A= g
LWETR o Ry DU NS AR B I R (784, BRATTE FH A 2% A7 B T 23 S 21
ARG & AR PA/GC LM b AL A A I REEA T I, 45 R an8] 4-16 P,
S BHON Er: 0.0V, scan: 400; Es: 1.20V, scan20, numbers: 20, 73¥¥% R:
8em o WIERE] 7 AN F AT RUERT 1 AN BRI . 2712 BT 2564 em ! iR IA
N LA T AR R SRR HE C—H M4 dRBB 2343em™ RN CO,
XS BRI AR Bl Ut W A A H AT R & R ]k — 2B e A B AR A
1727em™ AR C=0 MZ%4R30; 1593cm™ Ji Fifklg, FHIIHRIBIR COO A
SR MZER S 1396em™ AFRAE OH 1 A TSR 1210em™ iRk
C-O &R 1075em™ 8 iR IA h=CH A2 A=), AEHhmTL
W S B 7R SR A U &A1 T e, DURARER & R RE M 254N 3 E i
e (10 558 55 159 i F 1) TR 48K

AR/R=0.01

1722

J

3000 2000 1000
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Fig. 4-17 In situ SPAFTIR spectrum for Pb/GC in 0.5 M (CHO),+ 0.1 M
HCI solution; Eg: 0.0V, Es: 1.20 V; scans.400; resolution: 8cm™
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§4-2-2 Z_METE Pb/GC FAER E RSB RRBILINLIBARER

GC HiHfE 9mM Pb(CH3COO), + 0.5M HCIO4 %W, LA 0.05V/s F3# 7
-0.60~0.0V FLAL DX AR 224348 20 P, 143 Pb/GC Hitl. Kl 4-17 44—
WE/E Pb/GC HI b b AR Ab S AL R FE (1) SPAFTIR Y6i¥%, Er 4 0.0V, Es 4 1.20 V.
FIREULEEE) 7 A8 RN AR RE g . 2694 F1 2593em ™! RN £ AL
T SR L C—H PR s Ble: 2343 om™ H7IAh COL M RR 44
B, FWLER S AT &l ] 0 A e S B: 1727 em ™ FT 1639 cm”!
H LA R SR Y C=0 (P& ah i 1399 em™ A5k OH [H A AL T
BB 1209 em™ S FRIE C-O MFZEHRBNEI: 1071 em™ 5 i UEHEIA
Y& —E=CH FARZTIRE . WULIHEIZII AT, & A R O 1
L3 — A e — A A

——— e T e Eg=0.10V

AR/R=0.02

2343 1726
4000 3000 2000 1000

v (em™)
Fig. 4-18 In situ MSFTIR spectra for Pb/GC electrode in 0.5M (CHO), + 0.1M
HCI solution; Eg: 0.0V; Es: 0.10~1.20V; E ge: 0.05V; scan: 400; R: 8cm™

Kl 4-18 25t & A Pb/GC HILM AL MEAL AL FE () MSFTIR D6, Er
0V, EsAM0.10V 2 1.20V, HAZRIFEA 0.05 V. Mo mET 1.15V, AEHH]
DAUH S S22 7 AR R ke (RBP4 0 1 ASw Eatk g CGRRIR N4 1)
WFE). 2712 A1 2547 em™ Ky B SRR P EHE C-H M4RdR NI 2343 om™!
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FRINK COp AXFRMAEIRS), R &AL N o Mot — DA — %
Bk 1726 em™ b LB SE C=0 M4idez): 1382 em™ Ky ¥Rk OH 1Hi P9 AL JE4i
B 1209 em™ S FRIE C-O MRS 1075 em™ 51 1 (F I J
W) & A F=CH PEARAR IR o i 048 R I LA [ T R T 486K

A FAE A T 1,15 VBRI B S W5 1) S PR A 1, SR F 9 R 1 Jed e B B 1]
(A4, 328 F F A S L I 8] 3 AL AR G0 & 7R Pb/GC b b ri AL A
W REBEATIEG, 45 R 4-19, SRS HCN Er: 0.0V, scan: 400; Eg: 1.20V,

AR/R=0.05

|

1385

3000 2000 1000
v (em™)
Fig. 4-19 In situ TRFTIR spectra for Pb/GC in 0.5M (CHO),+ 0.IMHCI
solution, Er: 0.0V, Es: 1.20V

scan20, numbers: 20, 73R R: 8cm o MEZLH] 7 AEAF AR AN 1
WREIUE . 2713 1 2547 em™ ' HR N Z BERARAL T AR RN Z I BRI RE C—H {if
ARl 2342 em™ FHIAK COL AXIRRMNAEIRSN, RALEK FEA L1
St AL T AR 1724 em” BT 1634 em H5 A 2SR C=0 R4 ¥R 3)
1385 em™ S FRIE OH 1H AR FEIRBNRIL: 1211 em™ Ry #REE C-O MH4EHR BN

1075 om™ 5] B FR A h=CH REA2 LS. AP oy LU 0 58 51 45 A1 06
PR i 52 i ST TR 2R W K, 15 ) & P A PR A 3 T B 28U A ol £ e TR 1) 58 i ] £
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§ 4-2-3 Z 7% Pb-Pd/GC BB D LT IERILIIMKIEMRER

GC i AE 8mM PdCl, + 1mM Pb(CH3COO), + 0.5M HCIO4 W 11, LA 0.05V/s
FIHAE-0.60~0.0V FLAZ X [A)EIMR 22414 20 B, Hl15 Pb-Pd/GC Witk Kl 4-20
Y5 T 4 TREAE Pb-Pd/GC HIAR b L AL AL B ) SPAFTIR D, Eg F1 Eg 43
B0V A 110V, FHEKEL 400 K, R R 8cem . E 1000~3000 cm
O, USR] S AT AR LU 1 AN BN REIE . BN RS IR R
(AR, sl S SIS RE. 1709 cm ™' A1 1628 em ™' R 28 1 C
=0 WY&, 1398 cm ' ZEIRFRIE OH 1H A A =L, 1210 cm ™!
LIEIRIRFE C—O ML HRBIW, 1074 cm ™' §H_EXE R PRl FEAI 2L AN Iy 2,
TR = CH RRAEAR TR 2R o

1074
o
g
o
& 2342 ﬁ
~
<
1398
1210
1709 1628
4000 3000 2000 1000

v (cm™)
Fig. 4-20 In situ SPAFTIR spectrum for Pb-Pd/GC electrodein 0.5 M
(CHO),+ 0.1 M HCI; Er:00V; Es1.10V

Kl 4-21 4511 & FEAE Pb-Pd/GC HIHK b A AEAL SE AR FE 1K) MSFTIR D6, Eg
0.0V, EsAN0.10V 2 1.20V, HAZEFE N 0.05 V. ZHALE T 095V, M
HRT LLR SR 2 8 ANkl . s R IR R P K A S, W b R N TR
FEo 2708 12564 om™ HEIE C-H PR 2343 em™ HiAh COL AR
WS, RWLER R AL N it — DAl A 1732 em™ hy
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Fig. 4-21 In situ MSFTIR spectra for Pb-Pd/GC €electrodein 0.5 M (CHO),+ 0.1 M
HCI solution, Eg: 0.0 V; Es: 0.10~1.20 V; E ge: 0.05 V; scan: 400; R: 8cm™

4.42s
13.2
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|: |
J 1210
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3000 2000 1000
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Fig. 4-22 In situ TRFTIR spectra for Pb-Pd/GC in 0.5 M (CHO),+0.1 M
HCI solution, Er: 0.0V, Es: 1.20V
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3 C-O MBI 1074 em™ 1 3G IEHR I H=CH 22 Z =5

LA A ST 0.95 VI B AT W R 06 B LR AR R, AT B N e AR B
[BIfAAE AL, £ —WEAE Po-PA/GC B - P A AE A A T2 1) B 2% o7 T T 23 S 21
HMIETE LS R 4-22 FToR, SEEZER Br: 0.0V, scan: 4005 Es: 1.20 V, scan
20, numbers: 20, ZMHF R: 8em’. WMEH] 7 NN AERKIERT— N R R
[Fjige. 2711 1 2564 cm™ $RIN A £ 8 fi U0 JiT AR ) SR 3k € —HL i 4 s
B 2343 om TN CO AKX FR IS, FPER AL F 2 it
PR AR 1727 em™ R EESE C=0 (R4S 1593em™ i T i,
TR AR COO AF RN LEFRBSBIL: 1396 em™ ¥R %L OH 1 P AE R B
s 1210em™ HFRIE C-O MGEIREIBN 1075 em™ 8 - ilIgH5 I h=CH #2545
TEARSN o ML RT DL 8 L5 814 A il 10 i 2 B I () 28 0 9K, 8 ) A ¥ &
T TR 1 It o ) 4 1 8 o

AR g A e AR R AT AL AL AN O 1 B AR AF M ER R 4 T A
Pb-Pd/GC, Pd/GC Hil Pb/GC HLBK b HUMEAL A ¥ S NI FE, 3RAS T AR B4 &
T R U1V S N ) £ — T A o o 8 A 2 L RE AT AR LT ROt 0, 7 265 o 1 HLASE
T, S REEJE AR A AR, TR S AR PA/GC. Pb/GC 1 Pb-Pd/GC
R b R A B 2 D AL I BRZEAP SO GE (K 4-15, 4-18 FT4-21), ZLAh i
PEIEAR E—3 SRR SRR B DL R AR AT R COy IR R, AT
& LRI AL A — K, FLIU 2351 0 Pb/GC(1.15V) > Pd/GC(1.00V)
> Pb-Pd/GC (0.95V).

§4-3 RE/NG

K WA 27 SR AT 2140 B G S B A R T IR HL a4 i R 20 e v AR AL s R it
FErP 2T AMRRC RS U (AT . AT B LU N i

e HU 2R 2 D H AT B R AT I AR T b SRR T T SR AR AS R AR
1 nano-Pb/GC HLMEALF FANRIBF AT R JrUd RE P R . LETR RN £ TR 5
FEE e PRSP A S5 ARk . L MSFTIR 4550 %1: 4F nano-Pb/GC
UK 1--0.45 V ED RS E 1750 em™ 20 4750 F 504, 1M £E A4 Pb Hibk 75 #£-0.70
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V; 7 nano-Pb/GC Hit} [-0.90 V R AT WLEE F] 1093 em™ 447 L FR-CH,OH 4
i C-O M4 d s, TxXTA& Pb FARIETE-0.95 V, UiHIFFRLE nano-Pb/GC
AR BRI S AT LEZE A A P Hi iR B IE, BV nano-Pb/GC HLAR N FER I HiL AL
TEPER S . J34 MSFTIRs Fl SPAFTIRs 25 4UIE I FLIR I e i J5Uh LT, 4K
JEAERAI AL B A 3E— P40 S R SRR

T BRI SR LA SO IE 5 R R 7E nano-Pb/GC HIHK F-0.45 V RII
O] 1750 em’ ARG, fifE AR P AR B AE-0.60 Vi 7F
nano-Pb/GC Hitl F-1.05 V i W %EH] 1093 cm™ /247 LI #R-CH,OH JE [ C-0 {
AT, TR T AR P FRFEREFL I AL YEH (-0.45~-1.80 V) KA ELH
S, XFEFERT LB nano-Pb/GC HIARNS T2 R (1) HIE Jst e v HL AT LA A P
HUA S 2 R PR A 12

= IR 4 HRLLAM RO G 9T T AR R nano-Pb/GC MIASARHT HifK L,
WP AL N L U AR, 2% BRSSO 0 AR A AR R T A
Pb Hitl, WFFTHA N-0.80 V I, M 75.0 s X I f i £k ] LA 82 BI4T Z B R A 1k
Il nano-Pb/GC 7 4.41 s XF WV [ S 2R 5t e Wl 52 3.

VU 228 WAL R BRELAM B GIE R 5T T & — [ 7E Pd/GC. Pb/GC #1 Pb-Pd/GC
HL R b A S I T R £ A R % U 1) AR AL o B DA BN TR R R AR I
MSFTIRs % &, 0] LA 25 H < AL 4R 28 A Ha 57 TR 24 Pb-Pd/GC (0.95 V)< Pd/GC
(1.00 V)< Pb/GC (1.15 V), XA[LAULH] Pb-Pd/GC —Juft bl kb < e e 4 711
(Pd/GC 5 Pb/GC) HA7 B I H A i 1

Fv HACFRAL LA S 6% (MSFTIR. SPAFTIR il TRFTIR 455 fE1R
TP MRS 2] £ — W AE Fa Al R T b R SR A R, A ) SRR LA S N &
FEIEAM L AMBBCE I . FFER AL R, AR CO AR RE, X ] DA#
B2 g LA R B — o R LA B H R ROR SR P RIS GRS SER 4 50

B, WA AL AN SO G HR B S I PR B R A AR A AR AT
nano-Pb/GC Hitl b, KA RIS, AR =it e A #E, LUK
L AR PA/GC. Pb/GC #l Pb-Pd/GC HIMK b HLAAAT A, DRI AT BAA 3 S AL
PSR AL IR, [ 7R S Br A ] LR R 2%, LAl =4 &
TE IR B PR 1) A PO A T i v ST R TRT e Bk, FLAT A 14 7 SCRANMEL
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FhE ERREFESH CBERELTINGE. RIEMMELE

LR ATy — B Z RS L7 b, T2 N T A ARl Ry, RE.
el ity R B IEAREE DML, AEARZ A O IR, R LA IA J R A
CRERREN T RAT W e T R K IR R A e FRLAR S S A
PRI, AR Wi, Wik WIEE/7 6. RAREM IS4 R
REFI L BP0 PR ARS8 R R . RO SRR RA G, T “ =
PR IR R, G RORTE, B A T INEZ

R LA S R R BRGNS SRR AN LU FE AR AR S ]
Lo PR S AR ISR BT, R AR, X SIS BRE R . AT
PR A 71 PR AP ) B X 1R P s Jist A 3 PRI 5

§ 5-1 E{L% OV i%5$I#& Pb, Pt-Pb, Bi—Pb FA{E{LF. SEM RIEREH
RS BT SR A L 1 e
AL AR 22 R R . SRS . SR AL B & Huk
PRI . T RORAE AL IR R4 SR S N, F PR R L A AR P
b, PIEAEELL Pb BB, VRIARIAGIR, BFS0 o4 m A =t 4
AR B ) L AV

ot
-0.4 0.0 0.4 0.8 12

E/V (SCE)

Fig. 5-1 Cyclic voltammogram of GC electrodein 0.1 M HCIO,4solution
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§ 5-1-1 Pb/GC FEAELL FIHGTEIMMR R 7L H] & & SEM FEFSRAE

Pk AR (GC, ¢=6.0 mm, ZREVUGR LKGMENREAIE: LLE 68 &AL
WEEEILG, J548 5 um, 1 um, 0.3 um ALOs WM WTEE, AR5 HE A oKIiiE T,
B AE 0.1 M HCIO. VU H AL Z AR MR 2275 4E-0.25~1.25 V HIAZIX [A] L 0.10
Vs P IR, OV R 541 FToR. B MR B4 R AL
R, ACE AR/ e B, 10 B HR R T v HPRE

-5 1 . 1 . 1 . 1 . 1
-0.65 -0.60 -0.55 -0.50 -0.45

E/V (SCE)

Fig. 5-2 Cyclic voltammogram of GC electrode in
8mM Pb(CH3CO0),+0.5M HCIO, solution

W 26 T b P S (R B F R T 8 mM Pb(CH3COO), + 0.5 M HCIO, VAR 7
-0.65V~-0.45 V X [AILL 0.10 V 57 16l B 414 20 Rl 46 Pb/GC Ha b, &
52 Pone i, E-055 V.
I3 it L a0 s B 4 P
(I, 204 s HL gt e FLA I
L P Y7 5 S TN o

X H B ok 8 A B B
(FE-SEM, LEO1530, fii4s EDS,
B 20 KV, TAFMEE 3~4 mm)
Wi Po/GC FIARCR LS, W 5-3
JroR, BOKAE A 5,000 AT 50,000 *

Fig. 5-3 SEM image of Pb/GC
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o HUARER T EEOWE R TEAR N R, TUZ B NBRDRARAE 50 nm ZeAy, K
RBURLRIAE 4 300 nm, AEIXSERECIFURL T 1] E 2 41N R BUR 418, EDS 3% K
ARUEAEER] O JuRBENEIE, WiH] Pb A #A L.

§ 5-1-2 Bi-Pb/GC FL{E{LFIRITEIRA 2254 H & F0 SEM LR RAE

0 -
(] -1 B
s _
o
R
=~ 4]

4

5k

1 1 1 1 1 1 1 1 1
065 060  -055 050  -045
E/V (SCE)

Fig. 5-4 Cyclic voltammogram of GC electrode in 2mM
Bi** + 8 MM Pb(CH3C0O0),+0.5M HCIO, solution

5-4 25 T GC HLMAE 2 mM Bi'"+ 8 mM Pb(CH;COO), + 0.5 M HC1O04 ¥
i, £E-0.65~-0.45 V IR X [A] L 0.10 V s7 FHH TR BEAG IR AR 22 414 20 Pl CV
2k o FIHIEE —PEIAE-0.48V Jy Bi* A Pb™ ()34 J5 it e, It 35 41 i Pl 40 1) 18 i
7 1A% LG F IR 2 T

5-5 45 CV i)
Bi-Pb/GC It JE b &
I} SEM JESRKEl . Wtk KIH
WKL > AT %), 204 50 nm
LR (R /INBoRE 4, T2 Btk
ORI /NAE 200~300 nm. 28
EDS 7347, HifAl 7 Bi Hil
Pb J AL 1 3.
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§ 5-1-3 Pt-Pb/GC FHE{L T ROTEERAZ %4 20 SEM 2R AT
5-6 25t GC HiB#E 1mM K,PtClg+ 8mM Pb(CH3COO0), + 0.5M HCIO4 %
i, 7E-0.65~-0.45V HLAZX A LL 0.10V s g5 B 4345 20 Bl CV hk.

065 060  -055  -050  -0.45
E/V (SCE)

Fig. 56 Cyclic voltammogram of GC electrode in 1mM
K2PtClg+ 8mM Pb(CH3COO0),+0.5MHCIO, solution

G A — 1, 7E-0.51V M A —I0 S F it g s L 12 H Jt 0eg B 2 419 Pl 4 ) 1
T AT IEFE 2-0.49V, 1§ IR .

K 5-7 45 T GC HAZAE 1mM KoPtClg+8mM Pb(CH;CO0),+0.5M HCIO4
I 20 P51 Pt-Pb/GC FUARK [ IRE A, JBOK A5 25070 51 24 5,000 A1 50,000
Yo WURLAE AR YA, RIARAE 100nm £ 47 . 4 EDS fEi (K 5-8) 4%

 EMT=2000Kv SignalA=Inlans Date 15 Dec 200
WD= 4mm Time 181585
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P13 H AR T Pt A1 Pb PIFHT R, PIE IR ANEEZ N 12 3.4, XHLPIRIR
H K,PtClg 5 Pb(CH3COO), WRFELLIY 1: 8 K, UiHIAE-0.65~-0.45V X FEAFTH
HELAZ X (] Pt ORI BELE Pb B,

Element  Weight% Atomic%
CK 84.60 98.94
PtM 3.27 0.24

Pb M 12.13 0.82
Totals 100.00

Pt
Pt
Pk ka
Pt

T ; T ; T ; T T T [ e T
u 1 2 3 4 = G

Full Scale 1197 ct= Cursor: 16670 ke (1 ci=)

Fig. 5-8 EDS of Pt-Pb/GC prepared by CV

§ 5-1-4 CV 3% $I & BOTHBR AL Pb, Pt-Pb, Bi—Pb E{E{LFIFIEEE ra i LI BERT R
Bk ( 9=6.0 mm, S=5.93 cm®) 4}5I7E 8 mM Pb(CH3;CO0), + 0.5 M
HCIO4. 1 mM K,PtClg+ 8 mM Pb(CH3COO),+ 0.5 M HCIO4 A1 2 mM Bi*" + 8 mM

8.5
%0 o Pb/GC
i /' Bi-PDIGC
- O
7.5 oo z/' GC
7.0 | ) o 75/
L A
Z 65| oo /d  xPLPbHIGC
o) r / 4 *
& 6.0 | © P *
% | % e 75 *
2 55 F A= P %ﬁxz */*/
g ey «*
50 = /ch.)/z ol */*/
L Q \A/ —*
45 - AN */*
4.0 . */*/*/*/
’ ] | A ] A [ ] A [ ] )
0 30 60 90 120 150 180
t/ min

Fig. 5-9 The plots of cell voltage versusthe reaction time
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Pb(CH3CO0),+ 0.5 M HCIO W, 7£-0.65~-0.45 V HLAZIX [A] - 0.10 V s 43
TR F13 40 P8, )45 Pb/GC Pt-Pb/GC Al Bi-Pb/GC AL . 73 51 GCPb/GC-
Pt-Pb/GC 1 Bi-Pb/GC VYT HIMK 7 H 2R DY 5 LM it , BA 10 mA [T R
PR LA 0.1 M B8 3 /NI o 8] 5-9 45 HY 1R e B F R I TRD TR AR A DG R o Al S
$5) 1 FL AR ST TR T8 K s KT A (] m BB s (98 03 T 65 Ay e

oxalic acid

glyoxylic acid

40 F

G/uS

10 L glycolic acid

2 8 10 12
retention time / min

Fig. 5-10 lon chromatograms of different electrolytes (diluted by 50-fold)
eluent: 4.8mM Na,COs;+6.0mM NaHCOs; suppressing current:
60mA; sampling volume: 100uL; flow rate: 1.5mL/min
(1) GC (dash); (2) Pb/GC (solid); (3) Bi-Pb/GC (dot);

(4) Pt-Pb/GC (dash dot)

R UL DY 4y QAR 0SS F B 50
F K O A B AR
HLRIBCEEA T 5 « ESGIEM 4.8 mM
Na,CO; + 6.0 mM NaHCO; }y /i
W, AT 60 mA, HEFEAAFH 100
ulL, ¥ii# 1.5 mL/min, &% _
1 510 . WAl B ST s w0

ANETR R K SR R = A IF ) 13 Fig. 511 The standard working
curve of oxalic acid
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W, ORI TR] R 82 B0 B 1 (il hy 7K A7 Uee, (R B IR ] 2y 90 Fb 2k LB PR 1) 1%
W, ORI TRIAE 100 BB I¥ 0 SBERR IV B 1 (il e, LR B IN () 7E 500 FP 224 )2
PR RS I 1 (0 1 U

K Il 5-10 v FE R IR B 1~ (0 i 0 T AR 23 AR B 5-11 EAH ) (3 241 T U
R ARV TAE Ih 4 7 2 y=-12.57+14.10 x (y: peak area, US.s; X: concentration,
mg/L; AHICREL r=0.9998), R ] #3 2 Hu i - HE IR 1K 7 &

ML 5-10 RS 3 L RE TR AN LI TR I i 0 T %, RN 52 FABHR BT 25 1Y) LT T
5 BERRIN S/, 3 0.40 mM NayCOs+ 0.50 mM NaHCO; Rt i, sk s i
5 40 mA, SERE 5-12. ARBEINIA 116 #0h LB 00 5 7 (4 1k g, {5 87 I A 78

alyoxylic acid

40

retention time / min
Fig. 5-12 lon chromatograms of different electrolytes (diluted by 50-fold)
eluent: 0.40mM Na,CO;+0.50mM NaHCOs; suppressing current:

40mA; sampling volume: 100uL; flow rate: 1.5mL/min
(1) GC (dash line); (2) Pb/GC (solid line); (3) Bi-Pb/GC (dot line);
(4) Pt-Pb/GC (dash dot line);

147 F A S REPR I & 1 (0 1% 0 . LW TR B 1 (0 3% U [14) 5 5 K /N WP 2

Pb/GC(solid line)>Bi-Pb/GC (dot line) >GC (dash line) >Pt-Pb/GC (dash dot line)-
111 TR 11 €0, 15 e 58 B K/ Ky« Bi-Pb/GC> Pb/GC>GC>Pt-Pb/GC. ¥ LR Y5 &
T R i Ve AR AR 20, 2 AR NI 5-13 T 5-14 Hf S RERR AN LI IR (1 bt T A il
2872 y=-2.34449.891x (y: peak area, uS.s, X: concentration, mg/L, r=0.9979)
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y=-18.988+11.524x (y: peak area, US.s, X: concentration, mg/L, r=0.9996) R[] 15 3]
R CBEIR S QIR & 5, SRR 5-1 Fior.

120 -
i 300 -
w 90} %
175} =
S ‘= 200 F
8 60} g
| E:
é & 100}
30+
0 1 N | N | N | N | N | s 0 1 N 1 N 1 N 1 N 1 N 1 s
2 4 6 8 10 12 5 10 15 20 25 30
concentration / mg/L concentration / mg/L
Fig. 513 The standard working Fig. 5-14 The standard working
curve of glycolic acid curve of glyoxylic acid
Table 5-1 Concentration of glycolic acid and glyoxylic acid
GC Pb/GC Bi-Pb/GC Pt-Pb/GC
glycolic acid(mol/L) 0.0026 0.0061 0.0048 0.0015
glyoxylic acid(mol/L)  0.0290 0.0310 0.0318 0.0016

FRBIRE R BoR: AL IRIMR 225 1K Po AL SRR H AT AR 1)
HUREAR TR E o AESCEERE B, ST S — M Emoos, Bl —ooem i),
SER AT L — 2 38 im0 s R O S R A i o ARBIT R, Pt — RN AR T
Z ISR I vt e A SERRT AT SRR W], AETIRIBH AR &, PEIR %
TR 1 U0 Bi-Pb <5 AL AR FIRIEFEHIE G A RIE R, 5
J& Pb I LML PEA 2, SURIE RIS AT s (EOR, SHE S B AR TTR
ISR, RAEIR 2230046 1) 70 Pt-Pb <5 FELAE A 7100 B R 1) R HE AL
PEILT2Z, RIS Pb HUAEAL 7 RAT R 5 R H ik AN (0 H AL I, TSI
Pt T o4 AT 0 BRI P E R I AN PR AT . DAk, SRAILE
il 4 J7 706 00 Pt-Pb HUEALFIREA TR T o

§5-1-5 Pt-Pb ZJ L AL Z AL ERIIIR . SEM SRAEFAXS ELER mB (L iE 1
BRI AL FRAF B R A E T 1 mM KyPtCls+ 8 mM Pb(CH3COO), + 0.5 M
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HCIO i, K 225 T R 4% Pt-Pb & J@fEAbF. SE4E-0.25 V (=
10 70, SRJEBTER$-0.65 V 15 # 50 2, FERTER$-0.25 V {5 10 #2, fJaBriks)
-0.65 V {52/ 50 #b.

025V -0.25V

— | L — |

10s
-0.65V

065V |

50 s 50s
5-15 45 T 25 AT BRI 1) PE-Pb/GC HLEEFIR HIFTESE . a
B TBCK 5,000 I FO AR R T A BEAATE SR, ) AT H FEAICR T RIORE 70 AT B 34
2o Bl 5-15b JBORAEHECH 50,000 15, ) ATE A8 M 5% BIRIURL IR AR LA R BURL [ R0 A%

2 i =] W fam
EHT=2000Ky Signal A= inLens Date 28 Dec ?ODS'
WD= 3mm Time 11:39.48
ND= 3mm_ 394

D= CW PR T LN

(magnification is 5,000 (a) and 50,000 (b))
FEEHERTEAARTEAR B AL, FIARLE 100 nm Zidy, 8K IBURLRIASAE
200 nm /cA7. EDS % K] FE G B iR ALK C 1 Pt LLJ Pb =R Ml
o BTSSR EL W] Pt AN Ph (KR AN 9 14,

K KT 22 25 AT BRI 45 1) Pt-Pb/GC (GC,  #=6.0 mm, S=5.93 cm®) M
T 0.1 M BRI AR IR S R Y, T SmA fE L RLAR 2 /NEE, A I L
WORRE 50 i Jm 28 B 1 (il i SR o0 4, T IE] 5-16 P (il 51 YRR 4.8
mM Na,CO3 + 6.0 mM NaHCOs, Ffi/HiiE 60 mA, BEAEAAFL 100 uL, Wik 1.5
mL/min. P B3 I8 5] 82 FP ) Ay 7K 7 e T O B BT[] 478 2 R ont W2 (1) 1 1 € il e
L ] R SR B W) SRR LA K 2 =) L TR T 25— €5 15 U o 8 R £ i
BEATTHARAR S, AONAH R 0% 400 N AR M R LA th& i #2, 8%l
PRI R IR S R IR IR BE (0.1 M) —30, A2 0 AT B Rl 4%
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(aYay

[¥] Pt-Pb HL{EAGTNS L HLIA Js A EALTE T

i oxalic acid
40
30
5]
=,
o 20+
10
H,O
0 -
1 .\[vl I 1 I 1 I 1 I 1 I ]
0 2 4 6 8 10 12

retention time/ min
Fig. 5-16 lon chromatogram of the electrolyte with a dilution of 50-fold)
eluent: 4.8 mM Na,CO;+ 6.0 mM NaHCOj;; flow rate: 1.5 mL/min;

sampling volume: 100 uL; suppressing current: 60 mA

§5-1-6 Pt-Pb — LB FI AT B UFRIMAR &, SEM LR RAEFNRT ELRE
LSRR
RIMAEFE R GC HMSGHE 2mM K,PtCls + 0.5M HCIO, ¥, T
-0.25~0.25 V A7 X [ F13 10 [, F2] 0.1 M HClO4 % 1 1-0.25~1.25V i 1
FIM, fJ51E SmM Pb(CH3CO0), + 0.5M HCIO, ¥F K H T--0.65~-0.45V LA X [H]
FA4t 40 Bl 20 AL A IR 2 TR PrioPbao/GC HIAK. K 5-17 45 HH

0.1p 0.8
0.0r 0.4t
QE) _8; é 0.0k
§ 0.3} §-0.4-
041 08¢
-0.5¢ 1ol

- 6 A S S RS T S N 1 I | | |

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 -04 00 04 08 12

E/V (SCE) E/V (SCE)

Fig. 5-17 CVsof GC in 2mM K PtClg Fig. 5-18 CV of Pt;o/GC in 0.1 M
+ 0.5M HCIO, solution HCIO, solution
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GC HIHZAE 2 mM KoPtClg + 0.5 M HCIO, VAR (¥ CV 2k, B4 4 el ik
HLU S I Ko Ptio/GC #E 0.1 M HCIO4 IR 41K CV 2k (sl 5-18), wJ

j/mA cm”

-8 1 . 1 . 1 . 1 . 1
065  -060 055 050  -045
E/V (SCE)

Fig. 5-19 CVs of Pt;o/GC in 8 mM Pb(CH3;COO), +
0.5M HCIO,4 solution

DL B0 8 B SR B B (-0.25~0.0 V HLAZ X ] DL ACGEIE B IE (-0.40 V).
5-19 J& Pt;/GC £ 8mM Pb(CH3;COO0),+0.5M HCIO, W i) CV 2k, F1is —
W £E-0.53 VA — P> (13 J5 0 , [ 25 414t P e 89 0 , 2% PR 0k F 7 TE 2 591)-0.49 Vo

i
S A0, 2 S G L gt

Fig. 5-20 SEM images of Pt;0Pb4/GC prepared by CV
A5 325 LU 1) PtioPbao/GC 757 Hloment  Weighth  Ammict
RS B R ELER LB, 45 CK 8529  98.99
PtM 6.00 043
T St T AN AL s Sk
Kl 5-20 Fros. FARER TR 720 s R ) " b M 071 0.59

A, AR SO % . AN 5-21 il Totals 100.00
EDS fei K n[ 13 Pt;oPbao/GC HIAR K TH Pt

e A s L
s 8 7T 8 8 10 1 12 13 W 15 16
ev|

Figp 521 EDS analysis of
116 Pt10Pb4o/GC prepared by CV

4
Ul Seale 17 cts Cursor 16.275 ke (D)
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5 Po i H# W F AN 1: 1.4,
5 Pt1oPbao/GC £ iR, GC HibSEAE 2 mM K,PtClg+ 0.5 M HC1O,
W 1-0.25~0.25 V HAZIX [R]F94H 20 B8], FR7E 0.1 M HCIO, ¥ 7 1-0.25~

EWT=2000kv Signnl A= inLens Date 28 Dec 2005]
WD=_ 3mm Time 11205144

Fig. 5-22 SEM images of Pt,0Pb,o/GC prepared by CV

R T e Y, B L
EHT=2000Kv SignalA=
WD= 3mm
e g 0

1.25 V AL IX A5 4, 25 31 8 mM Pb(CH3COO0), + 0.5 M HCIO4 % T--0.65~
-045 V HLAIX S 20 B, $H15
PtaoPboo/GC HLAEALF], K 5-22 Z5 i H:

SEM JEFIE .« Fu AR AR THIRORE 73 154 20 5

CK 96.28 99.77
FEEER R Rk T4, B 100 nm Pt M 272 0.17
F1 250 nm 2647 1A U ER TR - H % o ~PoM 1.00 0.06

5-23 25 HY PtyPbyo/GC HIRERE, w]
HY Y2 U2 2] Pt R Pb P Fh4x 8 [ B ik i,
22 g m T AR B Pt AT Pb PR OT

Element Weight% Atomic%

« 11 Totals  100.0
Pt Po Pt Pb
Rt Fo p Pb Pt P Pt P
. P h b . L

T T T T T T T T e T T T T
0 1 2 3 4 3 [ 7 8 9 0 11 12 13 14 15 16

Full Scale 127 cts Cursor: 16371 ke (0 cts) ke

Fig. 5-23 EDS analyss of Ptzopbzo/GC
prepared by CV

IR TAHLLL A 2.8: 1.0.

TEBE R ( $=6.0 mm, S=4.80 cm®) [FIRESEITAL Pt FRTAL Pb (975l
7 Pt1oPbso/GC M PtyoPbyo/GC HIMEALF, RJ5T 10 mA [THHEFIHME 0.1 M &
M2 3 /NN, A AR FRRE 50 A% 5 R B T ekt AT o0 d, a5 R 5-24
525, (ORI A: 4.8 mM NaCO; + 6.0 mM NaHCOs YEMIE R, #0H] HL it
60 mA, FEAEARF 100 uL, Wi 1.5 mL/min. B 1 (03% & b8 H U2 2144 B4 1 7]
oy 82 FPIAK S, LR EAIIRIFE 455 FPRERR I T (il e, RSB SR
FOTERR B T (i 06 o BE— P IR IK B 1~ il i R AR A), ARNAH ] (3% 4%
PENIAF B AR UE A fhZe U7 AR, TF AT I SR (IR B S ARk B — 380 DR,
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TIE 2 () Pt-Pb HUEAL TN B HLIAE J5t & 1 S IR R R AN B A LA TR 1

oxalic acid [ oxalic acid

40 - 40 -
N | wn
= =
5 20F & 20F

H-0 - H0
0r ok —
o 3 6 9 1 0 3 6 9 12
retention time / min retention time/ min
Fig. 5-24 lon chromatogram ( the  Fig. 5-25 lon chromatogram ( the
electrolyte was diluted electrolyte was diluted

for 50-fold, PtoPb2y/GC) for 50-fold, Pt1oPb4o/GC)
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§ 5-2 IHRE Pb, Pt-Pb, Bi—-Pb EL{E{LFIIE LS & . SEM FRIE

BATERE B R AL R ET R
R AL EE IR 2% T Pby Bi-Pb Al Pt-Pb &)@ HAEALF, JF
WEIC T R RE R R r R SR R AT T o 5 AR MR 22—, b2 fE
g CRITEET AR 0T DUR KNG 4 I 2R It ple s J PR ot A9 12 F Ha Ak 2 1E
HLRIAUIAR Pb. Pt-Pb M1 Bi-Pb FELAEALA], Xf HLAEALIREAT SEM JEFEAE, LA
ST ) 46 1) 5 FL A A TR0 R e P Pl IS iR PR R AT 12

§ 5-2-1 Pb FE{E{LF B 1E AL H & F0 SEM FEFHRAE

B AR (GC, ¢=6.0 mm, ZE5E VUG L0 BN R IHALBE UL Ak 243541 )5
7E 8 mM Pb(CH3COO), +0.5 M HCIO4 % H LA 2= TH HLAL 0.5 mA, PRI (] 24
60 5o il LF (1 F R JE K SRR, F 3 R S 4 Ha B o) JLTE SR AT R AL,
g 5-26 Fian. HUAGRTIRRL K /NASY S, BpRR/NBRL K /ME 50 nm 2547,
DA — 1643 SCIRIURLZH 7 o

Fig. 5-26 SEM images of Pb/GC prepared by CP (magnification is 2k (a), 10k
(b), 20k (c) and 50k (d))
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5-27 43t EDS £, FOMEEBILR C LTINS Pb K AETE 1%,
EABEAE] O eI, BWIFEIZILRE T, P IEAB A Hlba b

Spectrum

Element Weight% Atomic%

CK 94.12 99.64
Pb M 5.88 0.36

Totals 100.00

I Oy L A N R B L Y L A AL )
T8

Full Scale 274 cts Cursor: 16.393 ke (0 cis) ke'|

Fig. 5-27 EDS analysis of Pb/GC prepared by CP

§ 5-2-2 Pt-Pb HLAE{LFIAYIE B A0 SEM FLERRAT

5-28 My B AR (GC, #=6.0mm)7E 1 mM K,PtCls+ 8 mM Pb(CH;COO), +
0.5 M HCIO, %3, THHLIT 0.5 mA VI [F] 2 4380 Tl 3 Pt-Pb/GC (W11 E
Sl o AR TSR 20 A M, UKL R SHAE 100 nm LA . EDS X R %
SAHTIISE B Pt 55 Pb RN R 11 4.

EHT=2000Ky  Signal A = InLers  Date (12 Dec 200
WD = 4 mm Time :17:38:48
3 3 =

o &

Fig. 5-28 SEM images of Pt-Pb/GC prepared by CP in 1ImM K,PtClg+ 8mM
Pb(CH3COO),+ 0.5M HCIO, solution

120



S SRR ST B LR RRIEAL A o . SRAEFIERE

§ 5-2-3 Bi—Pb FBHEL 7By (E M ZF0 SEM LR RAE

Kl 5-29 A fE RSN 8 RIS
Bi-Pb/GC  HLfH A 71 (1) 2 [H
S o AR A IRIRORE 32 2554 30
nm £ 100 nm A A7 FRIER T R0RL
2 1 H UKL 73 A1 )5 « £ EDS
RE B R E WS F] C. Bi
A Pb =FhICR I, 2
SE BT, A5 R AR T AR

Fig. 5-29 SEM images of Bi-Pb/GC prepared by
"I Bi A P SR CP (magnification is 5k or 50k (inset))

15: 70

§ 5-2-4 Bk CP $I#& A9 Pb, Pt-Pb, Bi-Pb FL{E{LFIXTEEEE By Bk B

#E GC Hifl ( 9=6.0 mm, S=5.93 cm®) I, 435K A fH HLiL %461 % Pb, Pt-Pb,
Bi-Pb HLfEALH, T 10 mA fHHIFL AR 0.1 M R 3 /NI T =470 R At v
B 50 f5 S5, E B Ot i A s BT et S e m T, 45 R 5-30.

60

- ¢ oxalic acid
50 [~ o

glyoxylic acid

40

30 - glycolic acid

G/uS

20

10

-10

retention time / min
Fig. 5-30 lon chromatograms of each electrolyteswith a dilution of 50-fold
(1) Pb/GC (dot line); (2) Bi-Pb/GC (solid line); (3) Pt-Pb/GC (dash line)
eluent: 4.8 mM Na,CO3;+ 6.0 mM NaHCOs; suppressing current: 60 mA;

sampling volume: 100 puL; flow rate:1.5 mL/min
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XJ 1 Pb/GC 1 Bi-Pb/GC PR HLAEAL B EL RK G, LWFIR . LR AN B
(R RS i T Pt-Pb/GC A M 1 B9 1 5 3% it 2k HUA 7K A7 6 fg )
MRt . LBFIR Y LRI T IG5 B R NS . Pb/GC > Bi-Pb/GC; 1Ml 5
P2 [ €0 1 0 510 5 K/ INIFR 2. Pt-Pb/GC > Bi-Pb/GC > Pb/GC. 4R, 7 Pb/GC i
W FAE R OTERR I i %, IAE Pt-Pb/GC HLAK b AR 21 . BE IR B LB PR 1 A=
o

glyoxylic acid

40

30 -

G/uS

20

glycalic acid

10

retention time / min

Fig. 5-31 lon chromatograms of each electrolytes (diluted for 50-fold)
(1) Pb/GC (dot line); (2) Bi-Pb/GC (solid line); (3) Pt-Pb/GC (dash line)
eluent: 0.40 mM Na,CO;3;+ 0.50 mM NaHCOs3; suppressing current: 40

mA; sampling volume: 100 uL; flow rate: 1.5 mL/min

MIE 5-30 %01 4.8 mM NayCO3+ 6.0 mM NaHCO; AVEIi, RS L
P Pl e 2 TS, DRI e PR P A/ 1) 0.40 mM Na,CO;5 + 0.50 mM NaHCOs
VWO VR DL P B B, TN S RE TR AN SRR BEAT 5E F O3 HT, &5
Rl 5-31 s LREIRITE 116 FP2eAT o LRERR I GG, 170 B2 A AN &
WERR (1 (i Vg o 23 30l K IR 5 SR W E i T AR AR 43, ARG AR AT ) i 4
PN IAS ) S BE RN CRERR (b LAE th 27 fE (18] 5-32 1 5-33), R wf oH4a it
HUE T BT & SRR LR TR 1) 1 o o450 55 25 ARV T LT PR AN T TR T VAR S8
TR 52 . WNRPEFEFTLUEME H, 7E Pb/GC M Bi-Pb/GC LB b AF )
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RIF=) CRERR I BT, RT# ISR — s 1 PO/GC HaAR b BRI Js A J ) =
P ORI S W] R LE Bi-Pb/GC K1H2 : {HZAE Pt-Pb/GC HMK b LT RH L1
MR SR A e FHIE AT ;DL Po A FEEME S B A A], Sl Bi TR EIFK
A5 58 e L PP AL I S TS Bk s P AR P I ARSI NIRIR SR &R Pt S, B
J8% 0 Pt-Pb G JBAEALT, SRR A SRS AN BAT HUEA TG, T RE SRR Bt
) PtORARE IR IS BT, fERREE I T AU AR S AT, PR
HL I SR A o AT IR AT RN, RN SR AT IR I

150 360

| y=-3.571+10.530 X L y=-16.593+11.748 x
1200 1=0.9999 3001 1=0.9999
ﬁ 90- 115240_
i 8
:g | ?g 120
30 6ol
0 1 N 1 N L N L N 1 N 1 N 0 1 " 1 " 1 " 1 " 1 " 1 3
2 4 6 8 10 12 5 10 15 20 25 30
concentration / mg/L concentration / mg/L
Fig. 5-32 The standard working  Fig. 5-33 The standard working
curve of glycolic acid curve of glyoxylic acid

Table 5-2 Concentration of glycolic acid or glyoxylic acid in each electrolytes

Pb/GC Bi-Pb/GC Pt-Pb/GC
glycolic acid L
(mol/L) 0.0087 0.0075
glyoxylic acid o
(mol/L) 0.0411 0.0295

§ 5-2-5 EEfH & Pb/GC 5 Pb EEARMEILFIEELE

LI [7 F) P AT 3 8 RIS TA) 6 BB LR (GC, #=6.0 mm, S=5.93 cm®) L4l
# Pb/GC HLEALH . KF Pb/GC FIAA Pb (S= 5.93cm®) BT 10mA [
Merbiat, 8 H AU DU S L0 Wit v v i 0.1M R 3 /NINF o 4 BT A5 Ha 8
B 50 fix)i, 12 F BT R IR T IR T e Ve S e T 18] 5-34 45
Bl a R, (35T Ve 4.8 mM NayCOs + 6.0 mM NaHCO;, #EFEAK
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FH 100 puL, #0660 mA, iE 1.5 mL/min. 3504 a J2 /K&, &b, ¢ file
SR E ) CEEG . ErT ) SR AN AR SN 52 1) 5 N 400 B BT ok I P £ 3 U

G/uS

60 C
40 e
20 j
b
1L
a
| ) | | | |
0 3 6 9 12

retention time/ min

Fig. 5-34 lon chromatograms of anionic species in electrolyte of

G/uS

Fig. 5-35

electroreduction oxalic acid on different electrodes

(1) nano-Pb/GC (solid line); (2) bulk Pb (dot line)

(3) 30mg/L oxalic acid solution (dash line)

eluent: 4.8 mM Na,CO; + 6.0 mM NaHCOs; peak identities:
(a) HyO; (b) glycolic acid; (c¢) glyoxylic acid; (d) unknown;
(e) oxalic acid

b

401

301

201

10

0 1 2 3 4 5
retention time/ min

lon chromatogram of anionic species in electrolyte of
oxalic acid electroreduction to glyoxylic acid on
different electrodes
(1) nano-Pb/GC (solid line)
(2) Bulk Pb (dot line)
(3) 10mg/L glycolic acid and 25mg/L glyoxylic acid (dash
line); eluent: 0.40 mM Na,COs + 0.50 mM NaHCOs;
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i1 5-35 4% 0.40 mM Na,CO; + 0.50 mM NaHCO; 4y Pt I i st () 25 1 (i 14
I a 1 b 43304 L EFIR AN C I RRRT RV (¥ 2 7 (il . K5 18] 5-34 BRR () (A U
FE 5-35 1 OREIR 5 SRR 1t e 23 EAT AR AR 3, SRR ARNAH ) i 4
PN E IR AR &y fE, VAT R & CREIR . SR AN BRI =
230 (5-1) F (5-2) tFEARFERRI AL RS0k 41.6 B 69.7%, 11 LRIV ik
FEPET 900 71.9 H1 84.3% ;WA FELIALIZL A 2 242K Pb/GC HIMEAL T EEAA Pb,
TR LA i LA B v R AR R B 1) R I B . BLBIAIK PB/GC H
AL EL AR P (A AL 5P B 4

n,(HOOC—COOH) — n(HOOC — COOH)
n,(HOOC—COOH)
n(HOOC — CHO)

n(HOOC — CHO) +n(HOOC — CH.OH

x(HOOC - COOH) = *100%  (5-1)

S(HOOC - CHO) =

*100% (5-2)

Table 5-3 Contents of glyoxylic acid and glycolic acid, conver sion of oxalic acid,

and selectivity of glyoxylic acid

bulk Pb electrode nano-Pb/GC electrode

glyoxylic acid (mol/L) 0.0075 0.0090

glycolic acid (mol/L) 0.0192 0.0480

oxalic acid (n;, mol/L) 0.0584 0.0303
conversion of oxalic acid (%) 41.6 69.7

selectivity of glyoxylic acid (%) 71.9 84.3
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§ 5-3 EERHILIR & BB Pd-Pb EUAFIMIERTH & . RIER
P RERF 3R
Pd 5 Pt # )8 T oo R p B VUG, WO T A, 2 A A,
e R R M R, (2 Pd SRS B A AR, ERSZRT
Sy 4d"", UL 25 1K) d B8 Pd 2 — R R K SR A5 7E & Pb(CH3COO),
PR N PACLy, AR5 K FE AL L iR PA-Pb AL F], B9 HN R
HLIE S A AT

§ 5-3-1 Pd-Pb L4k 7 B & & FRAE

GC HLHAE 20mM Pb(CH3COO), + 1mM PdCL + 0.1M HCl &, K H 1
It 0.5mA, Ak 2 435, 13 Pd-Pb/GC A6, FHHE B RS AT WL EE,
Wl 5-36 FTs. MWIBOKAEECHA 5,000 145 B Rl LLE H HURR R 1R A L3404 s

RN B Yl T B W W
A TRIRAR A e 5 n
! A _"- . =} L& 2 s i .
8. T ML 2 . . — b ¢ &
Pl T Y - L L = | r 3 1 d
£ ; A-‘
0

xxxxx

Fig. 5-36 SEM images of Pd-Pb/GC prepared by CPin 1 mM PdCl, + 20 mM
Pb(CH3COOQ); + 0.1M HCI solution
MIBRAE A 50,000 (A7 BT LAY A Y, B2l RJE kAR AE 10~50 nm 2 [H]
R B R /NRE 5~ LA TR RS AN 4 . EDS R HEAR R I TG 38 2F € o)
Mra R 2R Pd F Pb RPN 1: 4,

§ 5-3-2 A [G] FR#ERTE) Pd-Pb/GC BE M {4 77 A EE S Y BRE SR

DLAH [F] ) FRLA 25 FE £E 20 mM Pb(CH3COO), + 1 mM PdCL, + 0.1 M HCI %
1% Pd-Pb/GC (GC, &=6.0mm, S=4.80 cm®) Hif{L5, 7 H B IUM LM
HLf v E I 5 mA HIUR 0.1 M FERR, MU ARRE o 40 B8 1 (5 1% v A0l 434
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T P J 5 R LI RR AL AU 26 RAEANTE RE

FEEAR R 4 TIPS CRERR . LRSI A R AR HE TAE I e, ¥ LR
L RRI B R (R 0 23 N BEA T T AR AR 43, ARAH N AR e Uy #, 1A Ml
P& OIEiR . CIERAERR A, FHE (5-1) F (5-2) THERRM R
O ERRICEBENE , 7 5L I3 Ak R B R (1 e B KT L i 1) VR P, 4 5-37
Fise A RT LSS (1) BRI 1 /NSRS 5 /NF, SR AL AR AL
A% 5 B[R] PR SEA TR RS s 2 FEUAR IR [R) DK T 5 /NI, BRI A AR B AR B
FRHEOR, Ul R AN TR ARSI I, TREJR A IAS . — 2l AR 2Rk 0 1,
TR AR AE R AL TR . (2) LTERR 1 1 B B LA B ) i A
BERIARAL, M 2 AN, Rk G KA 69.9%, 2 /NI JE R R
I Fh g T T PR IR T O o DRI R G 5 IR PR PE AN S A %, i i SmA
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Fig. 5-38 Effects of plating current on the selectivity towar ds glyoxylic acid
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Fig. 6-1 Cyclic voltammogram of GC electrodein 0.1 M HCIO4 solution
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