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The Vacuum Evaporator with a Heat Pump

9 4
BBAFEARS 5 1 FAEE
AN Y
Toshiyuki Kobayashi
woom — A

Kazumaru Saeki

The vacuum evaporator is a water treatment system to separate distilled water from concentrated
waste containing pollutants by means of evaporation and condensation, thus reducing disposal

volume and disposal costs.

Evaporation is efficiently performed by using vacuum and heat pump technologies. The vacuum
allows evaporation at a low temperature and the heat pump saves energy and energy cost.
This paper gives an outline of the vacuum evaporator with a heat pump and its applications in

several fields.
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Fig. 1 Flow of treatment of waste water by the evaporator.
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Fig. 2 Flow of the vacuum evaporator (WTS E 700).
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1 R WTS E EEAE
Table 1 Standard specifications of WTS E

Type WTS E 150 500 700 2000 4000 5000 8000
Frequency Hz 50/60 50/60 50/60 50/60 50/60 50/60 50/
Distillate production (with water) £ /hr 7.5 22.5/23.5 | 31,5/31.8 | 91,5/102, 3 158/175 230/248 330/
Power consumption kW | 2,7/2.7 7/1.5 6.2/8.4 | 16,2/20 28/36 39/50 56/
Voltage "’ \' 220 400/220 400/220 400/440 400/440 400/440 400/440
Efficiency kWh/¢ |0.33/0.36 | 0.30/0.32 | 0.19/0.26 | 0.17/0,19 |0.177/0.206 | 0.17/0. 20 0. 17/
Discharged heat kcal/hr [2150/2580|7740/9 300 | 5600/6 708 | 10 200/12 600 | 17 000/20 000 | 40 000/56 000 | 33 000/
Air required m /hr |1000/1100|4500/53104500/5310 | 6700/8100 |15600/17 900 |14 000/20 000 | 28 000/
Refrigerant R22 R22 R22 R22 R22 R22 R22 i
Empty weight kg 160 640 380 1050 1150 2000 2200 ;
Width mm 670 1500 650 1150 1200 1800 2000 !
Length mm 710 1100 1200 2000 2000 2400 2800 }
Height mm 1350 2030 1940 2465 2450 2900 3000 ;
Noise power level dB(A) 80. 6 80 79 80 <19 81 80
Materials in contact with wastes AISI 316L+PP
‘ Scraper @) O X X X X X
Automatic antifoam dosage O O O O O O O
Automatic concentrate discharge (valve) option option O O O O O
Automatic concentrate discharge (volute pump) X option O O O O O i
Distillate pH control option option option option option option option
Boiling point °C 35~40 35~40 35~40 35~40 35~40 35~40 35~ 40
Vacuum Torr 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50
%) Voltage 220 : Single phase
400 : Three phases+ Neutral O : with
440 : Three phases X : without
Mo1

EVO1 E02

-
{1

DR |11 eaii =

E01
ol [ =
E03
L _
G02 POl
G01 Concentrate discharge pump E01 Air cooler
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Fig. 3 Flow of the vacuum evaporator (WTS E 150, 500).
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Table 2 Application fields Table 3 Typical composition of deve-
loper
Field Applications L
Paraphenylendiamine g/l 5
Photography Concentration of waste developer, fixer
and wash water Benzyl alchool g/ﬂ 10
Surface treatment | Recovery of plating solutions Potassium carbonate g/l 20
of metals Recovery of wash water
Potassium bromide g/l 5
Chemicals Concentration of waste process solutions
Pharmaceuticals and wash water Sodium sulphite g/l 5
Cosmetic
Printing Concentration of waste wash water
containing ink or sensitive resins
. . 4 R ODH
Electronic Concentration of waste wash water fableifl fgfal ii’iz osition of fixer
Precision machine yp b
Machining Concentration of oily emulsions Ammonium thiosulphate g/ 100
and waste wash water ) .
Sodium sulphite g/l 10
Disposal of waste | Concentration of landfill leachate ] ]
Concentration of waste wash water Acetic acid g/t 5
from flue gas scrubber
Aluminium sulphate g/t 10
Others Re-concentration of high density waste water
from separation unit Silver g/l 5

18 K A SR S & -

Vol. 39 No. 2 (1996,3)




Cation resin regeneration waste water to fixer storage

Acidification
storage

Sludge
storage

Anion resin regeneration waste water to developer storage
PR
‘
'
|
|
Developer |
storage |
™ 1
I
i
1
¥
Vacuum . Sulfite
. b Alkalization -~ ., .
evaporation oxidation
(!, Fixer A

Cation resin regeneration waste water to fixer storage

____________________________________________ -
|
|
1

Filtration of |
activated o Clean !

—>1 carbon and [ Neutralization T water e S|

ion exchange storage '

resins I
.
;
1
1
|
1

Filtration of a

activated o can

L~ carbonand [ Neutralization — water —
ion exchange storage
resins
Discharge

Anion resin regeneration waste water to developer storage

B4R BHEPERWLHEY o—

Fig. 4 Flow of treatment of photographic solutions.
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Table 5 Analysis on vacuum evaporation of waste

B 6 X TERRORRBRLENHR

Table 6 Analysis on vacuum evaporation of waste

developer filxer
Parameter Asis | Distillate |{Concentrate Parameter Asis | Distillate |Concentrate
Concentration yield 100 97 3 Concentration yield 100 72 28
COD mg/£ | 20 960 640 610 000 COD mg/¢ | 290 500 2320 1031 700
Silver mg/2 1.17 0.00 35.00 Silver mg/L 9400 0.17 33 880
Iron mg/{ 0.43 0.01 12.81 Iron mg/’ 1290 0.10 4620
Sulphites mg/¢ | 1590 0.83 | 47000 Sulphites mg/¢ | 52000 3 060 177920
Ammoniumion | g7 372 45 600 Ammoniumion | 71600 | 2020 250 610
B 7 R BEEERORRBRLBEIER £ 8 X BXHEH A v FHRTEDHAK

Table 7 Analysis on vacuum evaporation of waste photographic

Table 8 Composition of galvanizing bath

solutions
Parameter As is Distillate |Concentrate Sodium cyanide g/l 60-70
COD mg/¢ 46 900 176 191 000 Zinc g/l 30
Ammonium ion mg/{ 7130 4,33 29 500 Sodium hydroxide g/t 80
Iodine consumption mg/¢ 69 400 556 236 000 Sodium carbonate g/l 30
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Table 9 Analysis of distillate on vacuum
evaporation of waste wash

Processor

Filter J water from flexographic plate
preparation
Tap water supply Storage tank for pH 4,97
Water heating @__) water used in
system washing process COD mg/4 580
T——-' Sulphites mg/4 0. 64
Evaporator
Storage tank for Phenol mg/4 2.42
re-circulation
water
e - Optional process Aldehyde absent
i
oot : Tap water supply Storage tank for Hardness °F <0.1
« lon exchange resin 1
‘I i - concentrated waste
¢ emergency unit ! for disposal Distillation yield % 9.5
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Fig. 6 Flow of treatment of wash water from flexographic plate

preparation.
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Fig. 7 Flow of treatment of waste water in cosmetic production.
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Table 10 Analysis on treatment of wastes in cosmetics FKIIBEI0RDOMEY, ~% DEZET Liﬁk@:ﬁ%ﬁﬁjﬂ% AN
production. B&LHD0T, HUOEBEKEHIZRX n, ZoME7o
SAMPLE 1: Blow down solution 22 %ﬁﬂ%ﬁ-é}fﬂ: 55, D%, 190 ot D JFEBEKH31.5
— ol DRFTRICHE R/ C ST D, BRERIN6TEIIC
Parameter Inlet D1st11.1ed L7155
solution o
CoD mg/¢ 705 310 T ¥ U e
Surface active agent  mg/¢ 270 0.7 Ziiﬁﬁ’cg;t’ E—bRUT ﬁﬁli%%%ﬁ@ (LED #t
pH 6.5 7.2 AR RWRE) ONEL, HH, SBARLE, Zofh
. . D~ DBRBIIC S W TN U tco BEKDRAERLS T
Distillation yield % 90 BTV, BROKOBEEAE )+ 1 2 VK, B x4 4
TORBICE L VAKBANOEREBAEE > T &E .
SAMPLE 2: Blow down solution from a complete pro- ZAoNhd, T, COEBRIEEL L CHHT 2T THE
duction Hne 1<, PIARKTEBESE & OMADED, BAKISEKL
COD mg/¢ 1550 220 P Y 27 b O—BICHIAD &\ - 7 EH b AL i
Surface active agent mg/£ 1208 0.6 INBEATH B,
pH 5.7 6.9
Distillation yield % 70 (BEXH )
« LED ITALIA #, Hffir#—t
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