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Sample taken

KAGAKU Vol. 58 (2009)

Sample 50mL + water 200mL

(500 mL distillation flask)

Neutralization

—Reducing agents

Standing for few minutes

Distillation

Fill up to 100 mL with water

Fig. 1 Distillation procedure of total cyanide by JIS

Fig. 112R37.
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Table 1 Effect of adding agents on the distillation of metal cyanocomplexes™
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Metal cyanocomplexes

Average recovery, % ¥

Species CN ™ /ug EDTA" MgCl,© CuSO, +SnCl, "
Ni(CN),*~ 100.4 98.5 98.2 92.0
Fe(CN)g'~ 100.1 97.9 98.5 96.8
Fe(CN)g~ 100.1 96.3 97.2 97.1
Au(CN),~ 100.2 11.1 53.2 55.7
Au(CN),~ 100.6 7.7 28.7 72.9
Co(CN)*~ 100.1 2.6 5.6 4.0

a) Three samples at each concentration
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. b) Recommended amount in JIS method.
¢) Recommended amount in Standard Methods.

d) Recommended amount in ISO method.
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Table 2 Effect of reducing agents on the distillation of samples™”

Samples Reducing agent a)
p NH,SO:NH, /g gag HCN formed®/
Species Amounts/g Species Amount/g Hg
NaNO, 0.1 CsHsOp 0.1 16.4"
0.5 CeHsOy 0.1 54.4"
0.1 0.3 CsHsOg 0.1 6.8
0.5 1.5 CsHsOg 0.1 6.0
0.1 SnCl, 1.0 0.0"
0.5 SnCl, 1.0 0.0”
NH;OHCI 0.1 CsHsOg 0.1 79.0
0.5 CsHsOg 0.1 116.
0.1 SnCl, 1.0 0.0
0.5 SnCl, 1.0 0.0
NyH2Cl 0.1 CsHsOg 0.1 0.0
0.5 CsHsOg 0.1 0.0
0.1 SnCl, 1.0 0.0
0.5 SnCl, 1.0 0.0

a) in 100 mL. Blank value was subtracted. b) NO, was detected.
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722 FRRAL™ T R O SR TR R & AR Bk & o SIS
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VESGBLTHCN K LIEOBRELXHEL DI &0 D,
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T, BB ICHEZRET L2012, &EYT VO
2BV 2 BITCH OB % F~72259 fE 3% Table 2
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MO TWBIELA XD &M, HMR: M) 7 2dh
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Table 3 Analytical results of free cyanide in the plating solution and wastewater by JIS aeration method

Without alkaline With alkaline

No. Sampling points Main components Fixation Fixation Ni/mg L™
CN /mgL™' CN /mgL™
Chemical polishing bath Na,S,04, HoSO, ND ND 0
B Catalyst bath N,H2Cl, EDTA, PdCl,, HCI ND ND 0
Electroless nickel plating bath NiSO,, NaH,PO,, Aminocaboxylic ND ND 7350
acids, Chelating agents
D  Cyanide reservoir tank Cyanide compounds 11.8 28.5 0
@  After activated charcoal filtration ND ND 0
®  Acid reservoir tank NayS,Og ND ND 3
@  After filter press NayS.0g, EDTA, NoH2Cl ND 0.02 0
(®  Electroless nickel plating reservoir  Aminocaboxylic acids, Ni 0.03 0.05 2027
tank

® Neutralization tank Aminocaboxylic acids, Ni ND 0.04 1312
@ Mixing tank Aminocaboxylic acids, Ni, Na,S,0Og ND 1.02 353
Final discharge tank Aminocaboxylic acids, Ni, Na,S,Og ND 0.81 304
©®  Mixed solution of @ and ® Aminocaboxylic acids, Ni, Na,S,Ox ND 1.94 589

ND: <0.01 mg/Las CN ;A-C: Plating solutions ; @ -© : Wastewater

3 T v O

OT Y ERBN L TORWESETT OPK R EEBEED D 5
YT UM ENSF BN H L. ThHiE, YTV ERED
HEK % R\ RFFT B 720 ORILILR, 423 T ¥ OB
Ry 7 YRR T 256 TH ), ZOEFEFIZOW
TR,

3.1 ZIVHUVBEEILLZEER - v 7rIveh->&HKkb
5D T AtA F > DERY

KDL 7 2 %5 582, I TE RV
A, PERHIZKEREF M) 7 A EMA T pH 25
RICHEBELTHRET L. ThETAHVEREEVD. Ly
L, BEF= 7 Voo EHKETIVA Y EELH,
AERRBREEY S JIS B2 0 38.1.1.1 GlAHE) CHIMLE % 47
A&, YT UALA G Y (CNT) RSN, fTBOMAE
L T TR 572

ZIT, EEM= Y r Vo ZHEKH S CN PR S h
EHAZHOLNICT S22, THoH - & TR, HKu
HTRZAEL, Do XBLUCHKROGH ZIT\, ED4E
BE R DWW THE L7z,

COTHTIE, 7V v MEBRICEER= v 7L L EER
THoE (VYT rEED) BiToTwiz »o ZMMLUHE
K JIS o> 38.1.1.1 (EATE) TR L%, 4+¥) T
WRVEE-Y5 0 VT CON 200 L7 R % Table 3
WRT. CORE, O X TROLAIIER (A), fll
(B), HEM=v r V- & (C) » 5%, KELF MY
T AERERMD 5 VIIHRML LTS (TAHY REE

LThH, LA&LTH) ON BRI Shehorz.

COTHOHKIE, Y7 vR BEAROCEER=Y 7L
Do ZPKRD 3 RHEICHPNTEY, Table 31RT &
I 8D THIARZIRAL, TRZhHEKk O~® & L7z
T2, HIK @ EHK® 2REL-DDZHK @ &L,
Pk OfFERELBE L. ©, @ 1&3 7 VR/IEK @
@ IBRIEK, G, ®, @ X\EEHR= Y 7 VRIEK, ®
IR OHEKRTH 5.

DT UREEKIE, TOVh )T L 7%, R
F#ZET>TwWS, Y7 VRO O H»51E, CN- (11.8
J ¥ 28.5 mg/L) S S 7z 2%, ik RF % OPEK @
oL, WIS CN IR E T, ¥ 7 UHPKIEREEI
SR S Tz,

MBADKH Q@ RUITA VT —TLABOIK D » 5
b, WIND CN IR s oz, EBEMR= v 7L
> PRI ® R OHHIRE © Tldtii€d ~0.05 mg/L
Thoi:.

BAEK @ LRl ® ok cix, 7V ) FEE%
L N 3 S o 7285, TV A EEZT
5 LIRA @ LRME ® OFKT, FhEh, 1.02
J 1 0.81 mg/L @ CN i s hiz. &d, ZOLHOHR
G @ LR ® OBk TIX, FnEN 353 KU
304 mg/L D=y 7 VA F UG ERTw.

FIT, BROTANE =TV AGOIEK @ & HEMR
v VDHo EROHTM © OHKEFRAEE TR L
B @ IO WTHIARZFER, TUHYVEEL 2T
CN I s o720, 7TVHIVEET S L 1.94
mg/L ® CN i x /-,
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Table 4 Analytical results of total cyanide in the each
plating process solution and wastewater by
JIS distillation method”

Total cyanide/

Sampling points mg L™’

Main components

Conditioning bath Na,COs, Na,B,O, Not detected

Soft etching bath NayS.Og 433

Soft etching rinse Na,S,Oq 105
water bath

Catalyst bath PdCl,, SnCl, Not detected

Electroless copper CuSO,, EDTA, Not detected

plating bath HCHO, NaOH
Wastewater tank NayS,05¢ 46.3
Final effluent tank NayS,0g 18.2

Sample : 50 mL ; NH;OHCI 0.3 g and EDTA 1 g was added.

ZO®H - ELHHEKRD S CN™ W S 2 7RI, RO
1) ~4) OXHITHEESNS.

1) THOPARMIL TR BT 2 R A B O Al
OHKE TN A ) B LZBIC ON A & vz FRIg,
BRDT 4 IVE =T LABOPK @ LEEMR= v 7LD
> EFROFHE © OPKOWEWIAKELF MY 7 A%
WEMZTpHI2IZ9 5L CN ZHWT 5.

2) HK @ HIIZLERER (A) 50NVt F Y 2
TRl A ) v A Ll (B) 205 @ EDTA R Ui ke ¥
FIYZYANREENTN S, FHM ® oPbkdhici,
B A VD ZWEPSDFERED= XML F LT
IVANVKYBEEETN TS,

3) @& ® OFAMFEREL, KEELF P TLATT IV
A EE (pH 12) L72BRZ, = v 7 v A+ YOI TFT
NIV F VWA F Y HFERTHE ML, Bb=v 7
VKT 5.

4) TOBAL=y VPRI ETRET I A VR
YR ORICT I VEERRE SR LT CN AT S.

IhSORIEIE, UToLIicEzohS.,

Ni(OH)s +Se0¢°~ + 20H  —> NiO, + 250,%~ + 2H,0
CH,(NH,) COOH + NiOy + 20H  —>
HCN + CO, + 2H,0 + Ni(OH),

3.2 71U NEIR® > X TiHHEKH 5 D HON DR
TV RERDD 5> ETIFETIEMMANEF— VD - X &7
S2TBY, ¥Y7ry2HHLTR2VWISE»2rbbT, 20
TR S &y 7 vt sz,

ZFIT, TOD-ETHOH-> ETREPKLHETIEZ
FAEL, &7 Bl S N2 EK = BEd L7z,
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THOMANF— IV b - & TR, FAME TR O
LTW2EALZRAELL. THOEOTEIPLEYT V08
KB ENE02 W5 T 572012, LK, ©o XK
KB BOHEAKRFD4ET T V% 1981 FEDJISETED b1
HETERLEY. FEE Table 4 137 T

COTHTIEY Ty 2HL TRV, V7 by T
YW KK D S IEE N2 433 mg/L [ U 105
mg/L & EREDEY T Yo E iz, £/, Pk
JER B O LT AR A HIE ZE N2 46.8 mg/L [ U¥ 18.2
mg/L D&Y T PRI hz.

2T, IHTHEHALTYREAR YT v ORjLE
THRINT 2B OHB LRIz, $hbh, V7 by T
VIHITH BN F Y IEEEF M) v A, ZoBMEH %
WIET 5 72012 1981 40 JIS " THIE ST 2 sifte
FaFI V7 v EZY A KREDTA OFEEZHZ. 2o
R, DK ST 7 U S nzERIE, kg
DOARIVF XY ZHiEEF MY v Ak Faxoov T U
=Y ATHICL, EDTA 2@ L T pH 2 LUN CTHIEAR
AT o 2B, SR HBER L, ZHhAEDTA & S
LTHCN 2K T 5720 Th b2 L 2B S L7z,
ZOPROBE, HOEPLOT I FHRET Y=Y 2 %%
MLThH, EREBWIL5EET, HCN OEE 2 BilF 2w
TERHELEY.

3-2-1 HCN4%RICH U 3 HE(EEHDHE?
F XV HREES ) 724 (1 mmol), ik Fafxi vy v %
=22 (1 mmol) OFFTFTHEHEOERILAY (1 mmol)
ZMMA, pH 2 ULT TIEZAEAR 217\, HCN OA R % i
N7z, FEH% Table 5 % U Table 6 (2777

CORRE, ANVEVEE TIJANVKUE FFTHN
RUB, 7VFe R, Fbhy, B7I FEHOLI LA VKR
SVIEEFEHOMAY R EH S HON AR L7z, RERD
Bz %L HON ORI LA, —EGDODH 51
EWHHIELEO HCN AR L. F72, 7I VR
VR FVHINEUBEIANKIEEL D 48D HON
HAER L7z BIZ, FERKRALKE, 7rva—n, 73,
CYIJVHDOL) R ANKNVEREL 2 WEE D5
b, HON 24K L7z, L7203oC, LEEORARTIE, (13
EAEDEBILAWAH HON RO FEFIFI R 5 Z & 5
EMNCHRY, BETL-ABILEYW O TIE, EDTA 2% d
%< (14.1%) HCN %A L 7.

3-2-2 HCN£RKICH (T 3 ERaPDaE”
FFVHEES Y 72 (1 mmol) KXUTEDTA (1 mmol)
DIAET T, HHOBFLAW (1 mmol) ZMIZ T pH 2
PUF THEGEE %47V, HON OB 272, Z0RH
% Table 7 IZ/R7.

L FaFIuT rESy AEEOHEREBES M) T A2
3 Eo, Hilte F9Y =7 40513450 HCN HERK

~)V

~ )
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Table 5 Formation of HCN during the distillation of samples containing various organic com-

pounds with carbonyl group by JIS method -3
Compounds (1 mmol) HCN/umol » Compounds (1 mmol) HCN/umol »

(Carboxylic acids) (Oxycarboxylic acids)

Sodium formate 0.0 Hydroxylacetic acid 25.7

Sodium acetate 4.1 Lactic acid 4.5

Propionic acid 1.9 Sodium gluconate 55.2

n-Hexanoic acid 0.0 Potassium sodium tartrate 39.0

Acrylic acid 55 Citric acid 13.2

Oxalic acid 0.3 Sodium salicylate 1.2

Succinic acid 6.5 Gallic acid 4.2

Adipic acid 0.3

Maleic acid 16.2 (Aldehydes)

Sodium benzoate 2.0 Acetaldehyde 16.3

Potassium hydrogen phthalate 2.1 Propionaldehyde 3.1

Acrolein 175

(Aminocarboxylic acids) Benzaldehyde 1.0

Aminoacetic acid 9.1

6-Aminohexanoic acid 0.1 (Acetones)

L-a-Alanine 1.6 Acetone 5.0

L-Aspartic acid 11.1 4-Methyl-2-pentanone 6.5

L-Glutamic acid 5.4 Acetylacetone 4.2

L-Lysine monohydrochloride 3.3

L-Arginine monohydrochloride 5.0 (Acidamides)

Iminodiacetic acid 13.2 Acetamide 4.6

Ethylendiaminediacetic acid 18.3 N,N-Dimethylfolmamide 3.1

Nitrilotriacetic acid 88.6 N,N-Dimethylacetamide 2.6

Ethylenediaminetetraacetic acid 141.0 Acetanilide 0.3

Glycoletherdiaminetetraacetic acid 33.1

Diethlenetriaminepentaacetic acid 91.2

Glycolhexanediaminetetraacetic acid 100.0

Sodium anthranilate 0.6

a) KyS,05 1 mmol and NH;OHCI 1 mmol are presented. b) in 100 mL. Blank value was subtracted.

Table 6 Formation of HCN during the distillation of
samples containing various organic com-

pounds without carbonyl group by JIS

method®"*”
Compounds (1 mmol) HCN/pmol”
(Aromatic hydrocarbons)
Benzene 12.2
Toluene 0.9
Xylene 1.8
(Alcohls)
Methanol 5.7
Ethanol 1.1
2-Propanol 3.7
(Amines)
Methylamine ¢ 2.9
n-Buthylamine 0.4
Ethylenediamine 3.1
1,6-Hexanediamine 9.7
Triethanolamine 9.7
(Pyridines)
Pyridine 7.8
2,2"-Bipyridyl 13.2
1,10-Phenanthroline 0.0

a) KySyO5 1 mmol and NH;OHCI 1 mmol are presented.
c) 40% solu-

b) in 100 mL. Blank value was subtracted.

tion, 0.1 mL

63

Table 7 Formation of HCN during the distillation of
samples containing various nitrogen com-

pounds by JIS method ™
Compounds (1 mmol) HCN/umol”

(Inorganic)

Hydroxylammonium hydrochloride 141.0

Hydroxylammonium sulfate 130.0

Sodium nitrite 10.3

Hydrazinium dichloride 1.8

Ammonium chloride 0.0

Potassium nitrate 0.0

Amidosulfuric acid 0.0

Ammonium amidosulfate 0.0

Sodium azide 0.0
(Organic)

Urea 0.0

Aminoacetic acid 0.0

Sulfanilamide 0.0

a) KyS;O5 1 mmol and EDTA 1 mmol are presented. b) in
100 mL. Blank value was subtracted.
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Table 8 Analytical results of total cyanide in the samples taken at the zincate

bath shop by JIS method"”

No. Sampling points pH Total cyanide (HCN) /mg L ™"
(Plating process)

1 Alkaline cleaning bath — Not detected
2 Water rinse bath 12.1 Not detected
3 Pickle bath 0.2 Not detected
4 Water rinse bath 0.9 Not detected
5 Neutralization bath 13.2 Not detected
6 Zincate bath 13.0 2.25

7 Water rinse bath 12.4 1.02

8 Nitric acid dip bath 1.0 0.94

9 Clear chromate bath 1.8 0.89

10 Water rinse bath 1.9 0.64

11 Color chromate bath 1.5 0.03

12 Water rinse bath 3.3 0.10

(Wastewater treatment process)

A Reservoir tank (Zincate) 12.4 2.18

B Reservoir tank (Alkaline-Acid) 11.7 0.54

D Sedimentation tank 11.1 0.86

G Chromate reservoir tank 3.5 0.14

F Final pH adjustment tank 7.6 0.07

L7z78, WAL 7 =9 a, WA YA, 73 FRERE 7.

ROT7 VAbF b v A% EOERREFILED N SITITE A
EHCN DR Lo 72,

R¥FE, TIIWER, ANVT7oVTIRGEDEILE
BERILEWH»DHIE, 1 ZEALEHCN AR L h o 72
L72H5 T, LitoEARTIE, HON OA&RIZHES+ 5%
FLEWIZ, e FuF LTy LM, WAYEERE, i
ke FI V=g 2R EICRESINS LEZ LN

3:3 J—I 7 ERD o XHKH S D HCN DR
WA, YT VR LAWY ¥ — NSRBI o
EHPER LTS, LAL, Tho0ods ZPRP LA
T UK ENS. F2T, YU — bdo LK
5D HCN OARFEENZ DV THEGET L 7z.

COTHODo & TR, PRLETREZHEL, IS 5
IZHEDOWTEY T ViRERZME L7z #5HK% Table 8 IR
El

CORER, Oo ETHO 1 (T VA BEHE) 2255 (f
) TREEY T YIRS NG holeds, ZokDOY Y
r—ME, KBS, WMBREEHERTT=s 0 X — MES
i, 0.89~225mg/L D&Y T VKM s

PR TR T, ¥ v r— MR, LEAcY
0.86~2.18 mg/L D&Y T Y &Nz, 7 a2 — g
R Je Ol pH AREEM O PR T, 0.07~0.14 mg/L @
YT K s N,

W2, 50Ty r— oo XTHO 6 HEHOD - X
RPAT L 7oA, ORI, MRALESR, KL b A
BOA Iy —pz¥rzunke B YORRA»S %
D, o ZHDOEYT VIREIR 0.44~16.8 mg/L Tho

ZZT, B#EY Yy — il (ZnO: 12 g/L, NaOH:
110 g/L, UG : 1 mL/L) 2 L THEHD - & 217
v, —ERE LI ZW|FOETT VIREZREL
72 VU — 1o ZTTOEY T VBRI, EREEIC
o THEIML, 88 Wef#I21% 1.45 mg/L & o7z,

VU= o &1L TO HCON OERER I,
I Sz,

1) V=10 EWPORBRAIAIFYy— b
vruoob ) ryeabhl), Hho- EHI2L Iy -
LA EARBELIC L > THRL CN 2B L72b D &
EZAbND. BB, MARLIL WEEHEKTICETRE A 3
FI—=nRey b ALEWAREIRREEST Y 7 A%
WE BT 5 & CN ZAKT S EHELTnaY,

9) Highdo X3/ v x— MLE ORI ICHEEEICRE S
T2, ZOLEMBOHHFEZBIIEDLY, pH2
LUF COMBZEE HIZ EDTA & UG LT HON 24k L 72
borEZOLNDL. T, Vrr— MNEUSIOBRME D
S EPADS BT T VAR ERLEBPY oK
i, 2) ORIBICEZ2HDTHEEEZLNS.

B, YKPOWEA 4 27 I FiRig7 v E= T A
THMT I, HON AR L2V E SRATw L2, il
WA 4 v LSRRk EAME LA, TS MHRER
TYEZTAEMATH HON OERZIHTE v & #H
mInTwaY,

/PP S

3-4 H5—BEMIEFERH, 5D HCN OER"
BEMEEFIIE EDTA, YT F Ly 7Y a—i, ki
ATNTe N, BEaIUREEL EOARILAY Ll F
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QXY VT VEZT L, BT VEZ T LR EDBHELE
WrgEnTnws., ZOBEENHEBER?HEY T ¥ il
SN72DT, ThHOEHD SO HCN OEKE % N
BEW A & D HCN OERIER 2 RAE L 72, Z o/, ko
&9 R E AR Sz

) EFEBFINT VEZTLALRVAT VT RO
JBLTHRNVLTIVEF YA EAEL, ZNAMBEEE P25
LT HCN 232", SIE, ROX)ITHsr L%
A5,

NH,OH + HCHO —> HCH =NOH + H,O
HCH=NOH —> HCN + H,O

2) BEAMHEFOL FaF I VT VEZT ANERT
AL SN CTEZEBILWZERL, hd, BEELEho
TIJHNVKRYBROEFEERT I v GBI &K
J& L CHCN Z 4K T %

3) BOUBBEIETHLHFET I HMBZEE PITH
RUHNVEEAD T DL o T I N THCN 2 A KT
5.

L7255, Y7 YEMEHL TR WEEMEESR D S
37 B E N EKIE, pH 2 BUF TEZES I
D %5 3) OSAEHEAMIKEI ) HON 24K L7270
LEZOLND.

3-5 B&FHEAK D 5D HCN DER™

WL 7 4 v A DBURTHE T 2 UANE I, BUAES T
YEMALTH RV, ZOFUEFTOBIKP L&Y T VAT
M sz, 22T, BEOETHRCTHEAL TR
T OHER 2 5087 L, HCN OEEIRE % 7 L 7.

BUSTT QPR 54 7 Y HMHB SN2 E KR X 9
WCHEE S D,

1) A7 4V 2HBGUE TREOFBEROER Y 1V
2B TR R FICIE, e Foxi vy v
EZTAPEENTVD2DIT, ThDSpH 2 LUF Tl
ERBULLBICAEARILSY BIZIEEDTA) & KB L T
HCON # 4K L7 DEEZ 5.

2) W FaF I V7 Y EZ T LD, N—H )71 —
FHWP DI TV ZHEEEF b A R SN R o
HEILAWERS LTHON 242K L-b0EEZ 5N
5.

3) WML FEXFI LT VES Y ARRERFO R A
TUVFE FERGLTHRIVATIVEF Y AEED, INEE
OB LTHCN 2R L7720 EZ SR 5.

Z OFER, BURTHEK 2 5 ® HCN DA SUGIE, 77
¥ N o & LR OB EALEEE 2 5 D HON O A,
FIGEF L THhrEEZONS.

Wat . &7 VRO T AWHIICBIT 5T AMOKFEOAREEY T ¥ HHaTLEEOY R 65

3-6 BBE(LEIRHRUEFH SO HCN DL

Ty A4V TT A= b OBMALTISREHIIE, ERT IV
I— VR (FFLVTLVI—):BA), TIVR (VA4AVT
FIVT IV :DIBA) 70y ZHIMPMEbITE A8, &I
FRAIANF—OBFE LT, ROLDO LY HKE T
It rFF 25070y 7HFER LTS, LarL
X ARTEY 74V YT A= b OBEEROPKE 5
LBy Ty, 22T, ZoREHEEZH
ST BDI, HHOTOy 74V YT R — FO%F
JER M N DRAW A SO HON O 2R, 204
B JR PR] & J A L 7.

BREE R O ZF ORI VEEEZMATpH 2T T
IEGESE L 720 HON O 4B % Table 9 12533,

A9 T7F=F NFHRXFLIYIA VYT HR—}b:
HMDI, 1V 740> AV Y7 %—1F IPDI, MVt —
WIAV YT A=D1 1 IDD) HATIIHCON 213 & A LE
BLew, 7ay 7FOFF A (AFVZF VT MEF
YA IMEKO, 7 F/FFTL1A0, YZ7un /v
FF ¥4 CGyHO) A 5 3R O HCON A3 A0 L 7225,
ISOETHET S L JISHERISMBEL Y HEEDOT T &~
LR AS AR L 7.

AVITA=—beTuy 7RERELIAFILFROT
oy 7 4YY7 %—F (HMDI-MEKO, IPDI-MEKO,
IPDI-AO, IPDI-CyHO, TDI-MEKO) 72*5 3% #® HCN
HER L7z, 2@ HCN I, 0.1 mol/L A B R S WY
L. AgCN & LT X MMETHR L. —7, 7va—
V% (IPDI-BA) M U7 2 % (IPDI-DIBA) ®»7 & v
JA4VYT A= B HCON 28T & A EAER LRV,
AR L TO MR TH - 72,

TR OBEHNI DWW T HCN OB 2 7268, 4%
YAZROTuy 74T 7 A— 1 (IPDI-MEKO, MDI-
MEKO) 7513 HCN 234K L7225, Zh Ao %E D5
FIFEALERL 227

Table 9 DFEERNL, FTFTLROTOAY 24 VT T %
— bA 5 HON 2R L7, pH 2 DUT TNEzE® L
PEBIZAEF VAN FadF o v 7 ryEo L ES b I
L, AFT B MOIEH] & SUB L T HCON AR L72729
EHEEEINS. T2, B FOFUILT VBT AN
Micsfmitw AL, F3 2 hodEH & Ut LT
HCN Z4H 3252 bE2 50 5Y,

B, FEESE, XTI A VYT RA—EY
W4 B ALY A S D HON O &£ %2 o v Tiet
L, Ry 7 VEBICE > TERT S 2 &2 LY.

3.7 EMMBEHEN ZHESBER D S D HCN DR
L, A 7—, KFEEEFEOBE L LTEDbR T
Bh%, Z OIRBEPEA 2 IZ B RRAL R R A3 S
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Table 9 Formation of HCN during the distillation of paint materials and oxime
blocked isocyanates by JIS method"”

Samples Taken/g Total Cyal’lldC]EH(;N) /ug X-Ray Diffraction
Isocyanate Oxime JIs
(Paint materials)
HMDI 1.0 <05
IPDI 1.0 0.9
TDI 1.0 <05
MEKO 1.0? 0.6
AO 1.0? 0.9
CyHO 1.0% 1.0
(Oxime blocked isocyanates)
HMDI-MEKO 1.0% 301. Detected
IPDI-MEKO 1.0? 294, Detected
IPDI-AO 1.0? 124. Detected
IPDI-CyHO 1.0% 129.
TDI-MEKO 1.0? 78.3
IPDI-BA 1.0? 1.1 Not Detected
IPDI-DIBA 1.0% 0.6 Not Detected

1) in 100 mL ; 2) Dissolved in methyl alcohol ; HMDI : Hexamethylenediisocyanate ; IPDI :
Isophoronediisocyanate ; TDI : Toluoldiisocyanate ; MEKO : Methylethylketoneoxime ; AO :
Acetoneoxime ; CyHO : Cyclohexanoneoxime ; BA : Buthylalcohol ; DIBA : Diisobutylamine

(2009)

INBD, TUHBEETRINL TBRAVLEZ L Tw
5. LaL, TOBEHEE 1998 40 JIS J:2 THHrT 5 L 4
DT BB E N

CDBERD ST T I ENRRIE, WG IS
EIND5MiNFYTLLEe FOF LT I K MY AGEE
A% Y ROEY T ¥ ORI TR %5 EDTA %S, pH 2L
T OB LB HCON 2 4EK T 57200 TH 5 &y
LCTwa™, F72, HCN ®jFFIZRM L 72 EDTA © X
FL U SBFRFEILFRFILT I PN AGEA 4+~
ThHodLELHEL TV,

3-8 FARMREEEEH B H 5 D HCN DER™

A K IIEEIOHEKE 1998 4D JISIETHMET 5 L 4
VT UABIMEND EWEL TR EY.

FRKNFEETO% &, KA BB X 2
EZH L, JE7 2D S0, & NO, Z [AIKA AT ) —I2
I EETHREL TS, TRSDME, WIGE T,
SO, NO, , NO, & LTHAEL, SO, & NO, 28
LT FaFI 7 Iy I ANKVEEE IN(OH) (SO, :
HADS & Bgatl #2459 5. HADS 1, HIZ SO, & KUt
LTeFrF Y V7 Iy MY AVEA VY k) &
[SO;ON(OH) (SO,),> ™ : HATS & Wsitl &4 35", L
72035 T, BEBRWIPGE K S ARHEK 12 1E, HADS %° HATS
HEONSILEY (BELME L ER T 2ILEWORIR) A
T 5.

ZF 2T, KIIEBITOFEPEKIZ HATS % 0~ 2 mmol/L
DOHEPFATHRIML, EDTA Z#HNd 5\ 3 EDTA 23N L 7%
WTAEY T VB R RE L.

ZORERE, EDTA Z @M L, HATS Z#RME31HlE L

T EDETT VIEEE, 0.3 mg/L THo 7275, HATS O
WMEZEMSEL LY 7 VBELHML, HATS %
2mmol/LIRIML7zE ED4ET T ViIEEEIX3.6 mg/L Tho
7z. —7Ji, EDTA Z#HINE9, HATS iR L & ud4s
VT UVIREEERE FTRUTTH Y, HATS % 0.5~2
mmol/L #N3 % & 0.05~0.07 mg/L ThH - 7.

ZDOZ EHS, HATS H 5\ i3 HATS O 554 iy &
EDTA 235 L C HCN 24K 3 5 2 EAURB I NL. £
7z, KIIFEBPEKBOET 7 Y HHTIZBWT, EDTA %
WAL 72 0 U HATS 20 NS LA 2> 5 @ HCN O 245
EBCIENTELEHEL TS,

B, ARSI, BROIRBEHE N A B2 4 4 v 71
R NG TEHBEGNETHOMN LR, T oPkHbIC
HADS 2SFET % Z & 2 S22 L, pH 2 AT THNEA
35 & EDTA & Kt L CHCN 234§ 5 L5 L Tw
%%,

3:9 TILIZYLDLERBEENH S D CN” DBE™
TV AEEDOERMIFIZ, BAR, 7VIZT 2D
BALR OB, BELeAKE T 2 OWINZ B3 % 72012
7oAt REAtE GG 7 Ty 2 AP IR TWS,. L
L, ThoD75 v 27 A%, FERICEER 7 v EF A
e EEIAE LNEERENE WD, RAERE LTEEY
A REALGUIFEIER LTS, /2, TIVI=T A
HEBEMBOBRTEY (FaX) 1, BETLIRICHEDE
DOBEWREAIFTDN DA, FOBRZ, ZOBEHEL2S ON”
PR E N, 22T, ZOBEEYHO CN OBEHEZ R
xR, ZOBBERIZOWTHTAL .

TV =Y AEEERBEEY L 5 4o 11 FE IOV T
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Table 10 Analytical results of total cyanide in the solution eluted from aluminum drosses

54)

67

with water
Sample No. Aluminum alloy Melted temp./C N, gas processing CN™ /Dross/ugg '
1 Al-Si-Mg 710 Yes 0.4
2 Al-Si-Cu 650 ~ 670 Yes 2.3
3 Al-Si-Cu 780 Yes 2.0
4 Al-Cu-Si 700 ~ 720 None 0.4
5 Al-Cu-Si 700 ~ 720 Yes 2.1
6 Al-Si-Mg 700 ~ 720 None 0.7
7 Al-Si-Mg 700 ~ 720 Yes 0.3
8 Al-Mg 700 ~ 730 None 0.7
9 Al-Si-Mg 700 ~ 750 Yes 4.5
10 Al-Si-Cu-Mg 740 ~ 770 Yes 6.3
11 Al-Si-Cu-Mg 740 ~ 770 None 0.9

FilaVAd

BEFEWIE 55 (A ¥ ¥ 2 Nold, 1.19mm) THIF, 2
DHE 30 g & 500 mL D5 IR L, K 300 mL %
M TWESHETIRBIEE Y L, BHHLA ChziFs
L, FiliPOCN 2 ¥y Y ¥svyuarikEcEglLy F
WH O CN IRE»SEEFEY (FuX) 1o CN OB E
ERD. TN AEEERLI T CORUR,
SN R OBREY O CN” O % Table 10 1R

COFER, BEWEKTHEL LT XTOREED, S
CN i &h, ZOHEHTEIZ 0.3~6.33 ug/g Tho7.
CN OBEHEZIKT 2L, ERTAZHHL TV L
5 OBEEYHIC CN HEHEAS WEIA D Sz

BEEM A O 0T 7 v OMILERIE, ko L) ICHEESh
%%,

TN I =T AGEEEBEREY I, FERRTI L O
I E o THNTY T ART VI ZI A DH —NL FHE
FNTVLLEEZOLND.

F72, TVIZTLAGEOEMPICERZTAZRE AL
EROFIETHN YT LY TF I RROTVIZTAYT
F3I F2ERT 5.

CaCy+ Ny, —> Ca(CN)y —> CaCN,+C
ALGCs + 6Ny +9C —> 4AI(CN),

ANVTTAYTF I FHOCN OBEHEEERT L7
BDIZ, AIVYIAYTTIFO—ER (0.15~3.0g) %
WL, 44 rx#Kk 300 mL #012 TIRE ) HET 1R
Lo L, BILZ ZonEtmeiraL g FRbo
CN ZZEBLLHER AVII43T7F 3 FHOCN OFE
WX 0.017~0.022% THo7z. L7zd>T, TIVI=D
LABSHBBEEDH SO CN  ORHERIZKRD X 9 (23
EEND.

TVIZTLAEERDTT Ty 72 AFOERPRLOIT
HHVIIAELZ Y D HORFELERGLTHEES =N F
FERT L. INPRRTOEFED L VIR AL 7

OOBFLEIGLTEBY7H I FRAERL, MK HEIC
Lo T ON P EN5.

4 3T UHNMEEOWIE L FIEEORE

41 JISEDEY T MO —ERRE
QETHRARIZL DI, JISTEDOET 7 Y ORiLEIZB T %
EDTA OFREMFIFEICOWTI, ZOFHlA SN Tw5.
N L7 EDTA 380 ¥ 7 2 $54k75 & HCON % [
IWNE 2 ET—EDOREIEHLHDOD, EDTA ZHIML %<
ThH, MWsh, 8, P FITL, Zvr, $ovT )ik
F T CHRT LI EY, a7 ko &
I REERED YT JEMRIZ OV T B Y YR E SR
A, YOy FTIREFTERT LI LICL DGR THZ EHM
S oTERY . WIZ, Aty A+ v L
fbe FRF Y L7 vy B AL ORBERY? ™, W
LSRR Bk & o JUSAE Y R ORI, BRI, A
B DBRBEDE AT 2 O PRI E T B NS LA AT 2k
ZHIZ EDTA & UG LT HON 24183 % FHHIHH] & 2
W7o TELZENS, EDTAZEMLAL THL L WOT
FRwhrl OWMENLL o TET

COFER, 2008 4F 8 HICHUE S N7z JIS ok (8) T,
[EDTA 2% (HCN OAKIZ) BIG T2 EE 2 bNLHAEIC
1, EDTAEBROBMZRNTL) 25 7) OEEEIT.
v HIEpEE R Y,

4-2 £ T UHIRIEBEDREYY

VT v EELEEA, D HON 2583 5 HiEE LT, JIS
HELAMIE, SM 32 & 1S0 Y AHW ST WS, SM #:
T, ML= 7 A & LR % N2 CnEaE AL LT
HCN ZKEEF + VU 7 24 (NaOH) EHICHSET 5. 1SO
BCIE, BRERSA (1) AL A X (1), BRI ChEuE
ZALELL T HCN % NaOH BiICHi%E T 5. SM k& 1SO
HETIE, EDTA 2L 2 VWO TEERLYHBHELTD
HON 2VER AT, L2 b JISEOEDTA L ) b&ET 7/
AP SDOEY T Y OEIEREEWY. —TJ, 150 EOk
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Sample taken Sample:50-200

(500 mL distil

or

—Add water

KAGAKU

Vol. 58  (2009)

mL + Water
lation flask)

«—Add KMnO, for reducing agent

«—Add SnCl, for oxidizing agent

«—Add NH,SO3;NH, to decompose NO;

250 mL
«—Add 10 mL of MgCIl,(510g/L)
«—Add 25 mL of H,SO, (1+1)
Distilla

Distill(2~ 3mL min"’

Collect to about 90

—Add water

Fill up to 100 mL

tion Receiver (100mL) with NaOH (20g/L),20mL

)

mL

Fig. 2 Proposed distillation procedure of total cyanide™”

28)

Table 11 Analytical results of total cyanide by the improved method

Samples Interferents Red/Ox agents Additives/g CN~ found/mg L™

A NO, EDTA 1.0 1.8

NO, MgCl, 5.1 1.0

AY — EDTA 1.0 1.0

— MgCl, 5.1 0.6

B S,0q°~ + Organic comp. NH;OHCI EDTA 1.0 4.0

MgCl, 5.1 0.1

B Ss0g°~ + Organic comp. CeH;04 EDTA 1.0 0.1

MgCl, 5.1 0.0

A : Wastewater of metal heat treatment ; B : Wastewater of printed circuit board plating ;
a) Addition of ammonium amidosulfate to decompose NO,

Wedi & 3EAL A X (D) % AV 72881, WIRE O OBEEAS
HADT, HIFE LTI SMETED SR Tw AL~
TAVTLEHWLZENHERING.

VT v EELEMDS HON 2 58T 2 B REL,
Fig. 2 IZ/RY.

AEHAR ISR T 5 L &iE, @~ U A VA
Vo ACTEBALT 5. ALK ST 86108, HALA
() TEILT 5. HAENERH IR A 4 > e 5%
EEIE TIVFRHEBT VES Y LAEMATHMRT . RIS,
510 g/L Mt~ 7 4% > 7 A 10 mL KO (1 +1) 25 mL
ZINZ, MEZEY T HCN %48 L, NaOH BHICHi%ET

L. RISMEFEEPICT I FHMET v E= 7 A CTHRTE
LVERBALM AR L TH EDTAZRBMLTWARWO
T, HCN OEEZ S e TE 5.
COHETEBBIETER T ¥ MEiRD - & Tk
EDEYEKE G L72RERE Table 11 1R, 2 OKE,
SRBIHETHOPK (A) W ITHEMEAF o2 EENRT
W55, MgCl, Z i3 2% & EDTA ¥4 X ) H HON @
R L7, ZOHKICT I FiB7T v E=v 4%
Nz CHASHEA 4 ~ %5 H$ % &, HCN QAR EIZH]
WALz F72, 7V bERD - X LHHK B) o
1%, Hibe Faxy V7 v EZ Y ATEILL, EDTA %

-
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WML CTEMT 5L 4.0mg/L O CN S S 7z,
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Hydrogen Cyanide Formation on the Analysis of Total Cyanide and Free Cyanide
and Improvements of Pretreatment Method of Total Cyanide
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The total cyanide contents in the environment and wastewater are strictly regulated, because
cyanide compounds are very toxic substances. Generally, total cyanide is determined by the JIS
method in Japan. However, many reports have been issued that cyanide ion had been detected
in wastewater and waste discharged from factories that do not handle any cyanide compounds.
These examples included printed circuit board plating, non-cyanide zinc plating, photographic
processing waste solutions, electro-deposited paints, aluminum processing waste, efc.. It was the-
orized that hydrogen cyanide was formed by the reaction of organic compounds, such as EDTA
and nitrogen oxides, during the distillation process or under high-temperature conditions.
Recently, free cyanide ion was detected in an electro-less nickel plating bath at room temperature
by alkaline fixation. The total cyanide was detected in an absorbed solution of the heavy oil
combustion gas and in the effluent of a coal-fired station. This paper describes the cause of cya-
nide formation based on these examples. In addition, a pretreatment method of total cyanide
by JIS was improved, and a new separation procedure for the total cyanide was proposed.

Keywords : wastewater ; cyanide formation ; total cyanide ; free cyanide ; distillation ; alkaline fix-
ation.



