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Trace amounts of hydrazine in boiler feed water were determined by a flow injection-
spectrophotometric method with p-dimethylaminobenzaldehyde (DMBA). The DMBA
solution for the color development was prepared by dissolving it in diluted hydrochloric
acid without using any organic solvents such as alcohols. The reagent solution proposed
in this work had several advantages, compared with the alcoholic solution usually used in
the batchwise spectrophotometric method. The solution was easily prepared with hyd-
rochloric acid and water, stable for longer times and did not evolve when the solution was
mixed with sample solutions, and the waste treatment was easier than for the alcoholic

. solution. A carrier (HyO) and the reagent solution were propelled at flow rates of 1.0 ml
min~ ' and 0.6 ml min~"', respectively. They were merged to flow into a reaction coil
(0.6 mm i.d. X6 m) kept in a temperature-controlled air bath at 80°C. Samples were in-
jected into the carrier stream, and the reaction product was measured at 458 nm. Metal
ions and ammonia did not interfere with the determination of hydrazine. The calibra-
tion graph was linear up to 100 ppb of hydrazine, and the detection limit corresponding
to a signal to noise ratio of 3 was 0.2 ppb. Relative standard deviations for seven repli-
cates of 5, 50 and 100 ppb of hydrazine were 1.1, 0.9 and 0.4%, respectively. The pro-
posed method was applied to the determination of hydrazine in boiler feed water samples.

Keywords : hydrazine ; boiler feed water ; FIA ; spectrophotometry ; p-dimethylami-
nobenzaldehyde.
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KABBHRORAL THAKPIZIE, BHBRLPEEOME 2
EOBEENIEARS ZOBBERE LT NI I VAR
mIhTwnsd, —fFice K99 Y ORMEE, BEHRR
BEDFEEEINTHY, MasNIze FSI D
—ERISKPOBREBRRERIGUTKEBHRICE S, HH
LTWa3H D34 200°C LI EDBETHAMRLT, 7
VEZT LD pH A ERSEE. ZOOEFE N
TV VRBEA—FEOHANICHET 2 X8ESH Y, HME
v KTV VOERE, K4 9RKKEERERLEREL
SHREEO—>TdH 5.

B, KNFEEFRICBY 284 FHRKFOMEL KT
VVDERE, p-IAFNVNTIIRVYATVTe R
(DMBA) &t K7V v ORKEERICOERMITH 5
vy 7HEEORMEEREHRCLE NNy FAT= TN
FENCEVTbhATVS. HBFOL FI YV IIMET
HORGBICEBLsh, BET oYYy 7)) v 7%, EH
BICBIEZITHDENS 5. —RIZZ D &S RN
BERINHAEITF LT FIA WRERFENERETS
bDEEAOLND., BIZHWBRIEOEHB LA AIAET, 3£
BRIGERESAINMI{MOEEBESREL BB IITHOEN
TE, ULrbaiEOXE2EELRNS. ChHD
ZEMD, K4 S5KRKFEOE FI5Y v OBEBETRES
HBLBIEZBRE LT, FIA OBRIKOVTOKRE
EiTo 1.

FIAIREBE FIYVYOBRHEELTE, BXBKEE
WD, WOCRIMEY, BRI Y, F AL
FBHEI 2 EPBEINTVSE. Zhb0H b, BR
L¥EBEERE FI Y VEE 10 moldn™ (3.2
ppm) BEEEZNKEULILEDT, ppb (10 7g/g) 4 —
F—OREZBNET SR 4 FHRAKNOBEHAIRETH
5. X, BERETEORERISEFIAT 5 0 AIREEE
ORRHEFRIE 10pph EENTWVEN, TYEZT O
EHRKEWD, ANWFTIVT VT REANAT LS
J—=NVEHAWLAREEBHEILBNTL T Y ES T OLE
EREW.

v RSV VORBREE LT, H<r5BVLLENT
%72 DMBA O3 »IZ, 4-70u-57-Y = haxXvJ7
SYMNBREEBINTV AN, KADBEEHS NS
WhBHIKTE bz bYvanErsAnktdnidssn
WID,

DMBA X JIS BETHRVAHSNTVBAF LR T VIR
B ETH DM, fERAVLNRTNAE NNy FRv=
2 T IETIE, REEKFASICZBEOT VI-V (B
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Fig. 1 FIA system for hydrazine determination
with p-(dimethylamino)benzaldehyde (DMBA)

RS: reagent solution {18g DMBA+45ml HCI
+945 ml HyO} ; C: carrier (HyO); P: pump (car-
rier: 1 mlmin~"'; reagent solution: 0.6 mlmin~');
S: sample; SL: sample loop (0.5 mm id.X1.5m,
300 ul); RC: reaction coil (0.5 mm i.d. X6 m); CC:
cooling coil (0.5mm 1.d.X1m); D: detector (458
nm); REC: recorder; BPC: back-pressure coil (0.25
mm i.d. X1 m); W: waste

90% v/v) #FAWVTWVS. Zhii DMBA Z®Db DHK
WHER LIS WS &Eichina, TVI—VEETFDES M
REHEANES, BohaBEELRIVIEI LS
DEEZONS, BEFTIKREINTVS FIA ILH
WTH DMBA DA ¥ /— VIBRVSBHOLSN TN
%)2)12).

UL, FIA &, T4 RISOBENREZFHT S
ZEBREELTVAEBDTH Y, KIEERCBE
DELOETRERERSEF LT, BUAIRERD
FHOURT X, REM, BRAEOLPXTILEDH
BT taEbhbsbDEEZHND.

ORI BEBEND, ARRTRTNVI-NEEDE
BER 2 HWS, KBRTITY 2 &nTE 5RO
BEFNEZHAVHSERE FIA KODWTHRFE L. 20
R, MBOL NIV Y OERBEERRETH LN TE
1z. ~

2 = B

2.1 & & :

APETHOIHRER Fig. 1 TRT. 77 vV v—
Ky 7, 16 H/SVTRORET A VERES THRR X
Ntz70—4 vz ya 38 (AE K-1000 &)
EHV, Fv YV —FHE Imlmin~ !, REARKBRE
06mimin™! TEHLEZ. F¥ ) Y- 0HHOHE
AW 16 BV T (Y T —7 05mmid X115
m, 300W) ZRAWE., ¥v)¥—, HERRhzZEWH
Sgrfic, 25N EEENORIGT [ VICED
T, WekHaR (AME 14200 £ UV-VIS 188,
Ju—tl: KEE 10mm, AE 177, BERER
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458 nm) BV, ¥—7 DEHFKICEs/av b T—-4
FREEE (HAL8 D-2500 B) 2 W, v Tvv—
TROKIE 24 VIZAEE 05mm, ME (FFE) a4
(B& 1m) BWAZ0.25mm OFYF hF 7 0torF
LY (PTFE) Fa—7%2H0TI.

2.2 B E

Fy YV -RORGHEEROFHICIBS BB A% 2
) QEE (ZVUARTH) THAFELK 183MQem DM
MkZRAW, BRIICHOZ FIA ORISR,
DMBA 18g #3888 45ml & 7K 945 ml ICIAfE L2 D
Thsd. b NI T VvEERCE, BEle NIy A
(NoH4Cl) ZIEREICO &> &, B#RL, &RUTCHL
Fr. 5B, BTN TRR LR V.

3 MRERUEBER

31 BRISHERDHRE

R RIGREMW & U T D DMBA OFEIIE, JIS
R UDERKETIINWG v/v) DT~ (A5
= VXIEE Y ) =) BREROTOVL A, KT
3, RERMOBELRVIRDBHNOAR S, BERD
ZEEROCHR~OAROBBAENE LT, Tha—
Wiz EDBERBERIZ AV WEREBRIC D W TR 2T -
1z.

9, TIVI—LEHNEV DMBA OEHK % F58d
U, MEREDORISHIER E DB E NNy FRe =27 L
BICR 0T 1. Bon BRI % Fig. 2 IZRT.
CITIE, RERBRICEL L RER BERA ETS)
OHKEODL {DMBA(g): HE# (ml): 7V a— )
(mD} & (18:90:900) & U, Ak Tlx, (DMBA:
1K) =(18: 45: 945) U7z (R¥EK B &9 5).
Fig. 2 6037 % £512, HEK B 2HVIZHE, K
FHE IR REN DRI ER I & b < BlTHY, B
P KFEEEVT NS 458 nm TH - 17,

X, BERISEEOEBRIZONWTHRE L ER%E Fig.
3ITRY. MBI EHEDRESE, BRIEESEAL—ED
WIEIZETHDICHRER A T 439 TH -1, 2
NICHUTHER B T 65 02EL, fEkiBick bR
FRIZEE N, 73— uE BN OWRRIER O RIGEE
WRRL B ENDP ot N, EEREBICELZE X
DOENELARARORKERDIZ S PR 10% Na o
7.

IZ, FIA 12Xk DMBA BE R CIEERRE O &I
DVTHE L. DMBA BiZ2>W\WT, FHEEE 990 ml
2720 10~20 g DEIFATHRES U 72458, DMBA B0

FEH, BN, BB, KK FIA K&K FHKPOWEBY F7Y ORCETER 995
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Fig. 2 Absorption spectra of the reaction product
of hydrazine with DMBA

A and C: reagent A (18 g DMBA-90 ml HCI+900
ml CyHsO0H); B and D: reagent B (18g
DMBA+45ml HCI+945 ml Hy0O); A and B: 50
ppb of hydrazine; C and D: reagent blank. These
were obtained at 25°C, 10 min after the solutions
were prepared.
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Fig. 3 Time course for the color development of
hydrazine with DMBA

A reagent solution A; B: reagent solution B. The
components of the reagent solutions were the same
as in Fig. 2. Twenty milliliters of sample (50 ppb)
and 5ml of each reagent solution were mixed at
25°C, and absorbances were measured at 458 nm.
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Mz > TEE (Y—273) WLz, 8 20g bl
@ DMBA 3FEL KB TE P12, H-T, &K
FECIIAMRT X 5 18g (990 ml FIEMEL720) ZHW
N A VE A ‘

DMBA E% 18g & L, AL AEBOBDOFEIIOL
TR 45~90 ml (990 ml 7 V) DOEHHEHTHE L
2, COHPETIHEROBIZLAZBEANDOFEZELA
EIbuNEo T

PlLEoKEERP S, TLa—-VEROEVWRERE
LT DMBA (g): 8 (ml): K (ml) DA 18:45:
945 DHLDERFAVS T EE LT

3+2 FIA ([CHT BRERME

SR A CHREE B ABVT, K34 VESRY
Rt 2 4 VB EIE R DR8I D W T HIBRRET U /2.

K2 A NEDREIZDNT, HNEZE 0.5mm @ PTFE
Fa—7%HAD, 1-6m OHETHKET U7, Fig. 4 i
REEDIT I m TREIEE A DD HHER B ITHA
BE (V=78 B 2ETHo 1208, T4 VEHNE
FTIHOEREE LRESALL, HEKA, BILX
BEBMEE -2, BEK A T 2m DI ETEEREE
—EIZ ) 4m EBABEET UL ZOKTORAE
2, SR X AESDE D BSRIGERPOEMOTFSIC
BoTniEbDEEZLND. —FH, HERB TIEI
ANVDEL BB >N TBE R LTS5, 4m HLET
FF—EE ot ThiE, afNVERBTIEICKS
RIGOETESERSFZFELVORBIC L~ 12ed &
Exohb.

fEEAEE OB EIC DV T 40~110°C D #HIF THES
U7z, Fig. 5 10R$ £, BESERT 2 ICH- TR
WK A, BHEiAELBERALT S, ZOHEEHR
Wiw A DIEHHREV. X, HEHK B TIiX 70~80°C
’C“%ﬂ(f“éf)’)t.

LI ED#SE, DMBA OEMICEMEKEFERL 2K
SRR T H, BEET VI - VIAROBEICHARR
EVWEDOD, EBCEHMEHTES LN,
BTV VEKREBROEEEIE, FYVV-LE
AT HEGAERETAENS o2, BT 90°C Ll E
DOEBERTHRELPLT L, VEUVIHES AR E L

ofz. TOEDBENPSE, FIA THKBREZROVZ

FANFE LV, UTOERCIFER B 2HVLTK
a4 VES 6m, KIS A4 VEREEE 80°C TEE
FHIEEUT.
RISREKRE LT, TVI—LEEERLVEEK B
ZEWVWT, HEB% 06~14mlmin~ ' OEEATEXT,
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Fig. 4 Effect of reaction tube length

A and A reagent solution A; O and @: reagent
solution B; Temperature: 80°C. The components
of the reagent solutions were the same as in Fig. 2.
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Fig. 5 Effect of reaction tube temperature

A and A: reagent solution A; O and @: reagent
solution B. The components of the reagent solu-
tions were the same as in Fig. 2.

FORBERE L. TORR, FrU)YV-HEZ ]
mlmin~! KEEUEE, BERREVETICONT
BEOETARONE. THIIRISHERIC L 2EBO
FRBRE, RIGKEOEMCEZbDEEXOND.
REHHEIIEEAZEL, 0.6 mlmin~ ' ZHL.
SREABOBEICOWVNT, 40~400 pl O HHE THRES
Ui, BAESETEEBIBE R ELY, S8E
2300 PlETRE—EELLEoOT, 300U ZEA
FHIEEULT
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#w X W3, @i, A, AK:FIAICEE KR4 SRKkFOMBe 5 Y Y OBEEER 997
H Table 1 Analytical results for hydrazine in real
boiler feed water samples
This method Other method”
(R— Sample ;. )
10 min Natly  SD, ROD. Ml
PP PP ppb
8 iy A 83.6t15 0.88 1.1 84+2
g T fﬁ) B 83.3+09 048 0.6 82+£2
£ }_8 G C  605+12 064 1.1 59+2
Q
]
8 P a) Mean values of seven determinations with largest
< deviations from the mean values. b) Standard de-
viations of seven determinations. c¢) Relative stan-
E dard deviations. d) By the method wused .in
reference(1).
A B C U
K—HUTHY, #RELVD IKF<hTwa,
~1ﬂﬁﬁﬂﬁ,__~AAALLLJJJJJ_ DL ek AR

—> Time

Fig. 6 Flow signals for hydrazine determination
NyH,, ppb: A, 0 (blank); B, 1; C, 2; D, 5; E, 10;
F, 20; G, 50; H, 100.

3.3 REENOEMB
EHABANBEATE 00, EYEOREII SO TR
UK. A4 FRRKPICFET ZREHDH 5 Fe, Cu,
Ni iZ2W\T, €hEN 5 R 50ppb ZHRML THAN
s, ThHD&RAA VLT hb e FI Y v OER
WEEEEx W &Mooz, X, 1lppm DT ¥
ETHHELEZV I EHBT, T

3-1, 32 OREEREZEIC, Fig. 1 D7 u0—Y X7
LERWTHREBRZIERLL. Bontk7u—-Y 7+
% Fig. 6 \Z/R 9. BEBRIE, NoHy & U T 0~100 ppb
ORWETCRIFsESEAERLI. S/N=3 IKH4T 5K
HRFL 0.2ppb THo 2. X, 7 BOFEIKT 518
WEHREL, 5ppb L KTV Y DE-IET 1.1%,
50 ppb T 0.9%, 100ppb T 0.4% LIFEHIIFEEORV
EBETHE LD -1
KEEERP OBOOLNT VAN Yy FRI 2T V5
FEEZ2HWT, R4 7 KbpOe FF VY OEREZT
21z, ¥R % Table | IZ7RY. ROy FRv =2
TSRV TRERN LV (EBEE 20cm) 2HNT
b, BMppb A—5—De FI VY OERTIEDEF
137 THBEN, KFIA TE237E%%. Table
1 2oFH5 &5, KERICLAERIE, REEL &

DMBA O/KIZK =AW A5B e KT Y ¥ OBRNRE-
FIA IZDWVWTHE Lz, KETE, R4 7/KPD 1
ppb LEDE NI YV DEBAPURETH Y, REDKA
TRAKEBBOBEREZTAMETH2HDTHS. BT
ERBIEM, SHEEROEHE, BEROXEYE, RRL
BOABIEERNICHLREBRENH 5.
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KIIFBIFDOAA TRKPICHBESN E LTHRME W, BREVEEBEELTOAMEL FI VYO
TU—A YV 27y av-BRREERIIONT, p-IAFNT I/ RV XTLTE F (DMBA) ZH
WCHE £4F»72. DMBA ZHWVAHERD/ Ny FRY =2 7 VAHEETIE, DMBA OBFIZERES
BOTLI—-LERNTWSY, RERAMOEEL, RVRVOASS, BERLAEORZ P, T
Na— AL FNEVRIGROBRICOVWTRE Lz, £0fER, KEERTHE U RISHER 2
FWTh, EREORIGRSERE LT 5 L ETRERS LS TIERCHEATE LI LD 212,
FIA ~OHEE O HRET ORE, MEBHIZ 0~100 ppb OHF TRIFLERENF L. S/N=3
AN T A RRHRAE L 0.2 ppb TH Y, 5ppb Dk FI Y VvERIIH T 2 NEERZE 1.1% TH -
1. KFIA W, HELSEAA Y ORBLEL, MBIV Y ORL FHKERSITICHAFRETH

BIEMTMLoT.
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