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Abstract: Thirty-four different water samples of high-
desalinated by

evaporation

salt industrial wastewater were
humidification-dehumidification and
experiments. Based on the experimental results, the
feasibility study of the universal application of the
in actual

humidification-dehumidification technology

industry is conducted. Combining with the water quality
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characteristics and treatment effects of different high-salt
industrial wastewater, the general rule for judging the
effect of this method on the treatment of high-salt
industrial wastewater is summarized. The results show
that the conductivity drop percentage v, of the condensate
of all wastewater in the experiment is above 80.0%, with
the highest percentage of up to 99.9%. All the salinity of
the condensate can reach the biochemical treatment
standard, and the of 32

condensates can be reduced to below 2 000 pS-cm . In

electrical conductivity

addition, via  the  humidification-dehumidification
technology, salt substances with a higher boiling point
than water have a complete removal effect, salt
substances with a lower boiling point than water and a
larger ionization constant have a better removal effect,
and salt substances with a lower boiling point than water

and a smaller constants have a poor removal effect.

Key  words: high-salt  industrial

humidification and

wastewater;
dehumidification; evaporative

desalination; electrical conductivity
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Fig.1 Schematic diagram of experimental device
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Tab.1 Wastewater used in experiment and its properties
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1.8.2  MRKAER KOk

S KRR HL FR A I R RO R
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pS-emt, SR RANILE , 9 HIFE99. 0% Vi b
AHIY T4 R T 3 8 [ 22 370. 0 puSeem ' AR, B¢
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Fig.2 Treatment effect of electroplating

wastewater A
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Tab.2 Conductivity test results of metal processing

wastewater
2R/ (uS-em™") .
PRI T e
ANFWBREE K 71.4%10° 123.8 99.8
PrRERIE K 69.9%10° 370.0 99.5
FLBE K A 39.6x10° 239.0 99.4
HLPEZK B 27.1X10° 51.3 99.8

2.2 HZEK

Tl 245 P2 A R ME A i A R ) s R B B K
LA SR E TR R K AR AR . TR 2 K
M ERE S AR rp, 25 B T 2 AR W B R KK B Y
ANTRD, 43T G B R A R 24 AR R B
VEAL S A B K, T A A 2 2 R AR Y 2
B K RIS 3 A S I 25 ) IR K R 2K
1 3 g il 245 K R ok 2 B (P A 38 AU K I Ak
BRACRAS LI, W Ae B ROV BRI I K FHk
AW

FL S SRR G 2 3 TS, I A o 25 P K Y
SRIE2.8X10° ~141. 4 X 10° pS-cm 2 1], B5 AR
Ko LIMBERIEAE LA B 74K A 5
WA HL SRS T 1 000. 0 uS-em 'BAF, Hoy, #F
IRENT 97.0% LA ko ATRER B Ok 3 2 g K B A il
e B B B, AN KA WL 5 5 K
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Fig.3 Treatment effect of Tilmicosin extraction

wastewater
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Tab.3 Conductivity test results of pharmaceutical

wastewater
T/ (pS-em™)
Bk 4k B %
JRE K REER
TEREK 141.4X10°  9355.0 93.4
PRI 118.2x10° 545.0 99.5
TR ER BN K 84.4X10° 182.0  99.8
A 1 (Na,SO,) ik 81.3x10° 458.0 99.4
R (NaCl) &7k 73.6X10° 158.0 99.8
K RARRUE K 33.8x%10° 252.0 99.2
FEHTHL ALK 23.6X10° 623.0  97.4
OA FLEE K 2.8%10° 174.0 93.7
SEAEYIRIZG ] K 16.9x10°  1396.0 91.7
2K K 69.0x10°  1565.0 97.7

3R KA p, R 93, A% AR TR
19 355. 0 pS-em  FEMER A BT A K, HR e
B SR e SCHR (18 43 H vl A, 16 &2 4= ) 2 /K
BT DL 80 CHIMBMAAM T K & F LAY
SRR R RN, AR AR A NH,,
CO, 5555 HLAR T, B 7K Z8 ik AVR BT, 13 B BT
ik —3B o SR M, X R K B SR K L
5 B U K SR K HL S R AR g, (O % K
VA EER L TR ] LA 545. 0 pS-em 7, X 5 XFE
19 7K R T A ANHE S 1 CL I Sy vtk 1 7K TR 45
AR UL AT EAY) & R R R 25K 752
FE SR MR A5 BT 22 TGN & S 1 Il icke ', o
X VA BRI T AL 2R

PRI 25 A1 24 K AL B v B 3 R 8
B Y2 KR n, 91, 7%, A B LS
%41 396. 0 uS-em ' 53— 2R K 9, e (H¥
e SR A FR A S, 1 565. 0 pS+em ', E LA
R 25 P K Y U R SR R R B et e, R K

W) R R AR BRI 28 & 25 T B RR T K, T
PR TR AE 1 000. 0 pS-em 'L |
2.3 HIRZIRIRALIE &K

B B R R Fh B TRy 35 K DR s 3 28 0 i
PR R, K Th & A KAL) A E SR
MEMERE T, 2 M AR S EAER
MEA AL K BB U — M AR BR
Ja  FHANE B S — R H IR IR
AP R —RME, [ 4 M NNETR A 75 R AL TR
RO, WZE BN MR BRI S K R 48

El4 iRk ALEHRE
Fig.4 Treatment effect of nanofiltrate A

AP BUER R K HL 38 20. 4 X107 pS-
em ', Hoop, fEAH D03 Y 9 8 TP A AIG, oh
91. 3%, HLVABEW 1 FL S 28 0 L 40 0 YA 1) ¥4 B8 YA P
SREGZE . GG LU 25K 30T %k K%
VTR L 3R v g D DR S B 0B DR TR I K P v
LY R AR MANER A RE SR+ 4
b+ UE AL PR IS 15 8RR K A, Hrp R A
BLIS Y A R A5 B R BRY BT AN IR T A
SIS ZE ARG VR BRI HL R 2 79. 5 pS-em
7. K 89 91. 3% Fhimr 22 99. 6 %0, I ER RS 2]
BETE . R AP PTL ANUE I A BE T L TR
WRER] TARMRA A, 7, #RIEHN T 99. 00 LA Eo M
ARSI, B U T LA LR 0 R I 2 kb
T EREARER R P A AR Ab PR TT , ] R e
A B3 8 PR AR USROS T P A 3

K4 BRBEKESEN LR

Tab.4 Conductivity test results of leachate waste-

water
%7 —1
ek 4B %AEF%/(uS-cm )L o) %
JFE K BRI
BUEHFEIK A 20. 4 X 10° 1780.0 91.3
HUEI A 18. 5% 10° 79.5 99.6
Y48 B 18.4 X 10° 179.1 99.0
UEW C 11. 9% 10° 96.7 99.2

2.4 LIREKIK
BB N i A BT S 56 2 T I R A LY
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RESTIING ORISR IR/ P I SR A 3T W i)
A AEAAEYE AT Y N SRS A P
JER ™ [ 5 N SRR ER 26 S M % /K W 28 R b B A%
R, WNZE BRI VR BER R K R
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Fig.5 Treatment effect of nitrate wastewater

1 2% 5 IS SR n] LU Y, 3228 B K Y g,
FAGIERET o 9, BARAY S A I & A 525
BIRIK Com, J 94700, Hove BEW R 5 R 7l (% 2
438.0 pS-cm'o SEHGE R K B FE K HL 3R LR
KCRBL, RGBT R WES T
474.0 pS-em ™, Hop, WEFEKC W 9, LREE
K ARV BER L R BARTEIZ R IR K e, (H2
oo, LU 2 Fh S50 28 K B, S RE WA 2 T 2%
FbR o TR ER IS S FE K LT HE iR AR |
TCHLERZEY BT, BT LA IR R 28 A A PR V2 B
B HL R[S T 264. 0 pS-em ™' ZEA AT 15, 5L
B KK LI SR AR S I BRIR 28 R AL %
BR8] AR B AON R R AR IR

x5 ZLWEEKBSERUKER
Tab.5 Conductivity test results of laboratory

wastewater
BS%/(pS-em )
Pk T T
B K WBER
S JIK A 425.0%x10° 1519.0 99. 6
LY ERIK B 64. 6% 10° 474.0 99.3
SRR K C 8.2X10° 438.0 94.7
THRRER K 50. 2% 10° 264.0 99.5

2.5 BWATTEK

AL TAT M RARK R, e =2 B A T AT
A, FE KB AT A 9. 0~12. 6 t-t 7, Hip= Ak iy R K
Tt €, FHEE R KL K, SR A () A
MEAL B S R Tl K™ . FEAR SR, AR AR K
R T N B W 2 & A B AR = A ALY
AL TR KRR . K6 =2 (R ) 1%
IR A FRASCR DN AE BN AT MUK R v BB S I 7K Ak
AR

=6

ZRERAMIRRR

Fig.6 Treatment effect of blue charcoal wastewater

H1 2 6 Hh L SR IR A5 RO, S0 B F A
AT TP R K B SR K F 5 R AN W, o, A BT A
107 N RN 1T AR NS O : Y 7 SRR A3 R
¥ITET 000. 0 pS-em 'R 2R IEAKE) 9, Fesr, M
92. 3% , A I BER 1 HL TR 02 1 142, 0 pS-em
BROHCAY ) AL IR K V8 BEIR 22 5 AN, BT A5 9, 1
HI TR BK B RS2 L5 ik 4 M A ALK
IK VBRI HL 5 AR DU K 3 Ml e L B,
{ELAE P A IR K B iR, SR WZ R OK h B 45 k&
PR o LUy, X BR AR ALK 4 R R R o
e R BUREARARE . IEREEOR S —E
VR IR AR AL AR L RAR S KPR
T8 g AR R A Uk A
WK L R BUR , 28 R S S B 7, (B, LR
TIRAC TAT L R oK Hh By 45 O v i T D o L R 3k
o ZREORE  IRRERIE A28 R BRI T AL Tk
KA — 58 BIBEER AR, v A Ay T P B 5T 5 LA Ak
PREARIA , IR BN TR Ak | o A5 H Y .

x6 BUTTWEKBSEMXER

Tab.6 Conductivity test results of coal chemical in-

dustry wastewater

B3R/ (uSem 1)

. 0,
PR Bk VR 7%
IR K 14.8%10° 1142.0 92.3

FEALE K A 8.1x10° 1188.0 85.4
fEALEIK B 7.1x10° 1304.0 81.8
$EALIR K C 6.7%x10° 1113.0 83. 4
TR R R K 2.6 10° 315.0 87.9

2.6 HftisthEkk

BT BB EAK LIS AR IR T H g K LA
JRE KT L PR KRR 75 P 7K 5 v 5 PR 7K P T o Y
KRR B . R T TLAE XL T
B AK 1 7, BB L YITE 95. 0% LA b, R BRI (1 L 5
RERRAER 1A A AR AR . 4TI TR K )
L5 8 34 640. 00X 10° pS-em ™, £578 K AL B ¥ ik
W HL R % 710. 0 pS-em ', 7,35 99. 9%, L4 &
INTATME R K, B2 bR T LR & S 15 K
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iSO 3 A PR B pH AR A SRR 1 V4 RV F
TR T AR
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Tab.7 Conductivity test results of other high-salt

wastewater
5%/ (pS-em )
Peok 255 B 7l %
JRIEIK AR
TSR FL Y A2 7K 640. 0 10° 710.0 99.9
FAHUL TR 129. 2% 10° 4470.0 96.5
FIHE T K 32.5x%10° 232.0 99.3
AR K 98.5x10° 301.0 99.7
Hedm kK 51.4%X10° 1830.0 96. 4
(HERN 18.5X 10° 128.0 99.3
BRUIEK 4.7%x10° 62.5 98.7

2.7 EWHERITL

M IR SIS A5 AT DUE Y e B e 7% & Ab 2
S, Wt AR O B B 1) 2 4 T N T AT PR K A TR F
K Tk PSR KRS ATCHLER o 3 9 s ER AR
AHUEAK . 255K BT Tk K L8 = K
FAL TR KA 2 (RS — 1 FL R SR BRI AR, AT
RE 2 R R R K v By #2 v fige o L an sl Ak o L s AL 55
PR, NI By, BEAK 5 EE R 1 FL TR 3
o G54 SCHR LIEE AT, 6 TR B 2 & Ak
PRAE S B g 3 Tolk g /K A B e i i, ] DR 5 T
FIE L T EX AR KB RO M kb 3
BLER LA Sy 4 AR (0 2 FNZ A 3 A K I h Y
HL SR

ST T AR S IR IR T sk Tolk Bk 3=
BEER ISy B R L B S R T 2 kA
BRI EZR , SE0 A5 IR R 5 Tl B 7K R 28 & 45 1
—B, SLIOHT, BAE RE AT B TOKIEKIETE, s
B = 8 T/

R8 MNERRIEREZVIBIRT LW EIE

Tab.8 Experimental data on mechanism of HDH

g/ AL 52/ (pS-em ™)

N3 0
R
SAksiER 0.100 6.98 X 10° 6.00 99.91
EANIRRT 0.032  10.44 X 10° 30. 90 99.70
KR 0.700 942.79 805. 43 14. 60

HSC I 45 R nT LUE Y, SR a2 g brie
ZERMTR)T AR F] T 99. 91% , ¥ BE H T R %
FT6.00 pS-cm ", SAEA WY Ak 3R B B AL
THABEE R . oIR8 KA BLG , p, FNA ik
T HL AR 22 B A K, o UK T 7% R A BRAL
WA, 8 2 A 14. 60 % , i B I 197 UL
SRR KA T R B

5T W R R S Y AR A TR I oS
FZEIRIEA 7, TR K p i DL B 6 B8 A S 4
TEH T B8 SR A28 R LR 9. FEZE R R
w5 K R R ZE TR EK R B 8 R R
25 NGy WBBHEE K, B an SE 56 vp i SN
VWL, fERT3599.91% . PRL, e R R A A ek
FAF 2 BT RY TR SR, MR 75 & i
1T FERE AR P AT B 4 5 b s FLAKAIG AR ZE 75 E
IK A AT, 2 BEAKZE S AV SR, Bl
ER TRV A BE I FL 5 L SN T v B T
SR, LSRR 9,8 R 14.60% . t4h,
TR B i 78 % 3k A v 2 ARSI B, el A5k B R G
Py AE 7K LT R SORE ol AR BB AT LA ik 3]
TR He o DRI, AT R 25 [ T 28 R R i ok 1 24
R R R8s T 10 s Ry 2 K bR B A DG 4 4
KR AR
9 BHEKPELMRESETHESREMNELRE

Tab.9 Boiling points and saturated vapor pressures

of common substances in high-salt wastewa-

ter at normal pressure

LI WA/ C T FNZETE /kPa
H,0 99.9 2.3(20°C)
NaCl 1465.0 *
H,S0, 337.0 8.0X10 7(20°C)
HCI —85.0 4.2(20°C)
HCN 26.0 121. 3(0°C)
NH, —33.5 506. 6(4.7°C)

o I S A A 800 “CEL A7 A M RE U B A T
FRSCBRA R , v P L3R AL AN T R U
HR AT £ T R K ER B Y iR
SRR T R E , X IR TP B KA L
I 045 /2 W) v T8 BEIRUG A L B 2 R VA BRI
A S LA F AR T HCL B LT A3 B 55 H
i 5 NH,-HO 343 7K fif r= 4 NH, " \OH %555 1. 5
PR LA T TR T A B B R BN 10 B o
£10 SEZYEMEEEH(25 C)

Tab.10 Ionization constant of volatile substances

(25 C)
LY/l MBI R ALK,
HCI [/ ON
NH,-H,0 1.8X107°
HCN 6.2X107
FOKBWAKRIG B EER T 9, R 14.60%,

BN G/ V5 T Vs R A 56 i B TR BB P . T
EMRIEW W g, WL E KB RN g, K1EZ, N
99.70% ., LA A EE S H BT N, HCL Y B
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Kook, B HCHE KR b R 2 DL T IR (AP AE,
FH PG T B R 43 LA NH, 73 FIE XA AE 1 20K R
Heiid, H M CL BRI K 78 4 o K IR TR, il
B TR R, S S K 28 e AR BER, N
Z VB T I NH, AR AR L (455> F &
TEV BRI P A Ap YA O o) T A R AR i 1%
BEWCAYHL SR N & RUE K P & R L NH,
NH, BB A1, UESE T 28 AN E T & AR K
AR ER o AR , S8 0 PR 9 T e S I K TP Y v
BV, 5 22 00001 ) B S TR, T LR
R IRIIBERRCR -

23 BRI XTI RN 2 A Ak P R TR
KR ASCR, | AT IR 4 K v 35 B2 53 1) s A
FL RS PR 3 A LK ORI B LT AN 22 Bl K
ZEK VR BRI HL 53R LR AR A /K 5 W a5 LE
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