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Abstract : Metal cleaning process is a technology which removes oil, dust and soil etc. on the surface of
metal utilizing cleaning agents. These contaminants disturb the following processes such as plating and
painting etc. if they are not removed. Thus, metal cleaning is typically an environmentally hazardous
activity. Until recently, vapor - degreasers as utilizing chlorinated solvents have been relatively cheap,
extraordinarily versatile and waste disposal costs have been perceived as insignificant. Today, however, it is
readily apparent that Industry’s reliance upon chlorinated solvents as metal cleaners have resulted in a
myriad of environmental, health and safety concerns. Therefore, this paper studies on a parameter and a
sort of the alternative cleaning agents for the optimum cleaners. Also, a great deal of effort has been
devoted to developing alternative metal cleaning technologies in advanced countries and some processes are
being commercialized among them. We are going to consider alternative aqueous cleaning agents replacing

organic chlorinated solvents and to pursue a domain application through a successful improvement case.
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<Table 2> 3F5:5o] FA7i¢ Ago 93 H71EF nz

Conventional cleaning

Automated washing

Volume generated Volume generated
Wastestream (galfyr) Wastestream (gal/yr)
Vapor deggeasingf Automated washing'
Wastewater in separator 200 Wastewater 143,000
Still-bottom sludge 1,440 Oily liquid 962
Alkaline tumbling” Automated washing”
Wastewater 1,010,880 Wastewater 85,800
Oily liquid 577
Hand-aqueous washing”™" Automated washing”™”
Wastewater 296,400 Wastewater 57,200
Oily liquid 385
) E71gA dad A5sE Ag7le] A (7)F ; 5200 Barrelsfyr)
T2k AA Al AEsE ARr)e) $A (13 ; 3120 Barrels/yr)
T FAYG FA AR A A58 ARz A (15 ; 2080 Barrels/yr)
<Table 3> Z} HAFAHNA P E QFEA vl
Generated Mediu Generated
Pollutant Medium Amount Pollutant "~ Amount
(pounds/yr) m (pounds/yr)
Vapor Degreasing®
Automated Washing®
Perchloroethylene Sludge 45
Anionic surfactant Water 2
Perchloroethylene Water negligible
Non-ionic surfactant Water 22
Perchloroethylene Air 6,145
. b Automated Washing®
Alkaline Tumbling
] Anionic surfactant Water 1
Anionic surfactant Water 43
Non-ionic surfactant Water 13
Hand-Aqueous Automated Washing®
Washing® Water 105 Anionic surfactant Water 1
Non-Ionic Surfactant Non-ionic surfactant Water 9

) a2 S71EA Al AE3 AR &3 (715 ; 5,200 barrels/yr)
b Alkaline Tumblert) 2l 21538t A&7 &4 (7] ; 3,120 barrels/yr)

¢ TAH WA AHE3 ARl &4 (71F ; 2,080 barrels/yr)
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Cost Element

Vapor Degreasing Cost®

Automated Wasing Cost®

/YD) $/Yr)
Labor (base rate) 13,866 17,300
Energy 2,943 10,712
Chemicals 1,795 2,711
Water 0 655
Onsite Waste Treatment Negligible 1,032
Offsite Waste Disposal 1,440 2,614
Total 20,044 35,044

) aZ]&E : 52200 barrels/yr
<Table 5> 2}F3t€ AF71sk dote] AR 08

Cost Element

Alkaline Tumbling Cost®

Automated Washing Cost*

(8/Y1) $rYn)
Labor 18,720 10,380
Energy 2,847 6,427
Chemicals 2,434 1,626
Water 4,700 399
Onsite Waste Treatment 7,299 619
Offsite Waste Disposal 0 1,574
Total 36,000 21,025

) a 7IE :

3,120 barrelsfyr
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<Table 6> 2] FAMARF 2Hs AQuye $4n0g vm

Hand—Aqueou§

Washing

Cost Element - Cost Al](?/f??.)ted
. (8/Yr)

Labor 16,640 6,920
Energy 3,256 4285
Chemicals 33,134 1,084
Water 1,213 266
Onsite Waste Treatment 2, 1‘40 413
Offsite Waste Disposal 0 1,050
Total 56,383 14,018

) a 7]& : 2,080 barrelsfyr
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Freon Vapor Degreasers

Aqueous Ultrasonic

Cleaning System

Avg Length of Cleaning Cycle

7 min 8 min
(min/cycle)
Throughput Production
~3,400 batchs ~3,400 batchs
(parts/yr)
Avg No. of Cleaning Cycles/Yr ~3,400 ~3,400
Avg No. of Parts/Cleaning Cycle ~186 ~186
Utility Requirements
Energy(kWh/yr) 12,180 kWh 54,013 kWh
Water(gal/yr) 1,134,000 gal/yr” 567,000 gal/yr
Labor Requirements
System operation(manhours/yr) 397 hrfyr 453 hrfyr
Maintenance(manhours/yr) 150 hrfyr 100 hrfyr

Raw Material Usage

Freon(pounds/yr) 12,540 poundsfyr -
Silicate Cleaner(pounds/yr) - 1,050 poundsfyr
Sulfuric acid(galfyr) - 10.5 pounds/yr
Operating Costs
Utility Costs($/yr) $ 1,559 $ 8,087
Labor Costs($/yr)” $ 8205 $ 8,295
Raw Material Costs($/yr) $ 33,939” $ 1,203
Water Costs($/yn)” $ 1,780 $ 890
Sewer Costs($/yr) $ 6,200 $ 6,200
Total Operating Costs($/yr) $ 51,683 $ 24,675
) 1) 7]F : 18hr/day, 350day/yr
2) BFYF : $15Mmr
3) 71& : 1990
4) $0.00157/gallon
<Table 9> Miraclean A]A®] §-<dn]
Freon Vapor Aqueous Ultrasonic
Degreaser ($) Cleaning System (3)
Power Costs 1,559 8,087
Labor Costs 8,205 8,295
Raw Material Costs 33,939 1,203
Water Costs 1,780 890
Sewer Costs 6,200 6,200
Off-Site Disposal 370 200
Total Operating Costs 52,053 24,875
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PLATING LINE
Y Effluent form Planting
Condensate from Tank Header @
. . —
‘Gmﬁed Water to Rinses 7160%
< Stream to Tank Heaters
Yy Ov v
pe— PROCESSING | | PROcaNG
TANK T TANK ‘A’ TANK ‘B’
1,500 gal 25,000 gal 3) 5,000 gal
Condensate to CON’R?;?(ATE Shudge
y
METALS
CONCENTRATOR
> 11.000 al
4 @ Off-Site
BWWN -v gjmtmmt and
TaNK(®@) I y @ ' ®
CHEMICALS
¢ | mnmnso'v&g‘rg STORAGE ) ;r AR | 5
SALT
CONCENTRATOR | ‘————— Make-up water
2,000 gal
__ Off-site Disposal ' O sampling Point
<fig. 4> Pioneer Metal FinishingA}2] ZERPOL A|AH FA o] sz
PIAE QR blowdownt 2 AHEEI} AAsil, 1 SHeFE BYAel S1000. AEA Aol

2] 12%E 2944 e Ao 2 Vet

sl4Ee] Agd Beo] BH TDS(otal dissolved
solids)¥= °F 10,000ppmE JelUl=dl A3tE BolA
Ni - 10.1ppm¢]3 Cyanide - 2.9ppmo. 32 7}Z& 5 o] 3
BdAer fFasittn & 4 Ao a2y oleg 3
FFS 7IEd 2A Hshr] A AR @
A5l PioneerAl 2944l EAHDL ofr|A}7]%]
TR 9L XA gon Foz w2
H2 @gepz #FAHoz AAIYT & £ Utk
+&%59 HF TDSE < 500ppmoln] w Yy
blowdown®] 7-¢- 100,000ppm Eo] o 3lFoj <k
1,700gallons = 83lgith. A& @z = FAA 9
YhAbglo] Qlojxar 25,000gallon &9) §&E gz
£ olHdl 5Uzt AMEslg oY), ZERPOLA| A8 &
YF 182043 AHgFown 59 etEAe] A}

< Azl

o] HolM & 5 3
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$45,0000] = o7jd 0%z =
st T2 34712k 5.3do|th

A5l net savings

after taxesZ

dAEME S J|UE3

1) s 4934 Ay

ZEZLAGAM A A 7)|Ee] HATAHL
Ndsted FAstdl x=Fdop st A4 FUHAR e
A2 71Ee] A=A AFol ojdT HS5AY 2
T FR7IEe] Ago] RIste] diAAAAT AH
TR &9Jo] golskx ¥oha & 5= ik

2
e



<Table 10> BBHE Be) FEF FE
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Effluent Clarified Water Regulated Maximum for 1lday
(Sample point 2, mg/ £) (Sample point 4, mg/ {) (mg/ )

CN(total) 16.63 2.69 0.2
Ca 19.24 229 -
Mg 0.99 0.73 -
Cd 0.26 < 0.003 0.69
Cr 2223 2 2.77
Cu 11.17 29 3.38
Fe 2222 2.01 -
Ni 71.86 10.1 3.98
Zn 27.83 0.92 2.61
P 2491 < 4.69 -

<Table 11> 7]&2] F-A 3} ZERPOL

systeme] AXx|u]2} §-Fu]-ge] ujm

Previous system

ZERPOL system”

Individual Treatement Tanks

Equipment Storage Tank & Boiler
Chemicals($/yr)” 12,300 - 15,300 2,700 - 3,300
Labor, Repair, Maintenance &

Moritoring” 35,140 1,890
Sludge + Salts Disposal($/yr) - 8,800
Total Operating Cost($/yr) 47,440 - 50,440 13,390 - 13,990"
Installed Cost($) 65,000(1975) 120,000(1981)
D.I. system Installed Cost($) 30,000 30,000
Flow(gal/day) 16,000 - 40,000 1,500 - 5,000
Operation(days/yr) 250 250

Years in service 1975 - 1981 1981 to present
Original flow(gal/day) 40,000” 5,000

) 1) deionized(D.1.) water system dQ
2) ¥ dej9} DI water system2 ¥ g8l ok n|

3) Q17w : $17.5Mr

4) =129 4ol Agnlg 23

5) oldel Alade ©A 54 g

u
({
op
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<Table 12> SHEF9] 6% W44 R 97dx AY

(29 @ =g BE, %)

9% A 97 A
= AZFYS | Bl wAn | _ %
Fadm| AR |
ZHEN A B & #A) A gjn]
CFC-11 5,324 6,251 6,250 100 6,163 98.6
CFC-12 3314 3,962 3,955 99.8 3,783 95.7
CFC-113 1,201 1201 1,114 2.8 1,514 1359
CFC-114 12 12 4 333 14 350
CFC-115 35 35 35 100 46 1314
a2 9,886 11461 | . 11,358 99.1 11,520 101.4
A
= Halon-1211 570 570 496 87 451 90.9
A Halon-1301 3,115 3,115 3,115 100 3,700 118.8
A
27 3,685 3,685 3,611 98.8 4,151 115
3 13,571 15,146 14, 8 !
& 5 5, 969 98 15,671 1047
FUYALE P T S 13,574 13,693 (114.4)
PR A3 1,572 1,395 . 1,978
CFC-13 3 3 0 - 3 -
Ab B ERA 4278 4278 4274 9.9 4,393 102.8
2| 1,1,1-TCE 2,194 2,194 883 402 2,582 2924
A
N 6,475 6,475 5,157 79.6 6,978 135.3
Bl muysredez 9,049 9128
BEE 2,574 A2,574 3,892 22,150

TUdlA MAAZ o] ARRHE 1,1,I-TCE 9
CFC-1132 54842 wAscd 5FE8Fo0ad &
HEZC ¢ BEILYYAMC FHH Q@
GAEA2M 25 6709] 1Foz o] 7
T2 29 3t Ued dA vt ALg
He ARFE 196dxe] ERJEA AHFa9
19973 Y4 R AvFe] AR NFIE L F
HAHAAM FHH oz FHY £ UG} (<Table 12>
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