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ABSTRACT

STUDY ON THE MASS TRANSFER PERFORMANCE OF
SEPARATING HCI BY MEMBRANE DISTILLATION AND
OSMOTIC DISTILLATION IN ACID-WASHING WASTEWATER

ABSTRACT

Membrane distillation (MD) is a new type of membrane separation
technology, the driving force is the vapor pressure gradient caused by
temperature difference. Osmotic distillation (OD) is also called isothermal
membrane distillation. It is a process driven by the vapor pressure gradient
caused by concentration difference at the same temperature of each membrane.
Both MD and OD can also be applied in separating volatile substances from
various aqueous solutions. The mass transfer performance of HCl in
separating water was studied by MD and OD, respectively. The mass transfer
performances of HCI and H,0, the factors of inhibiting water transfer during
the process of coupled MD and OD were also discussed in the paper.

For the process of MD, mathematical models for evaluating total mass
transfer coefficient and selectivity separation coefficient were derived, and the
influence factors on mass transfer such as temperature, flow rate, packing
density and so on, were investigated. It was found that the molar flux of HCI
and total mass transfer coefficient increased, while selectivity decreased with

improving the inlet temperature in the feed side. The phenomena of
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temperature polarization and concentration polarization can been reduced by
improving flow rate, and the flow rate in the feed side influences on mass
transfer more remarkable. For the hollow fiber membrane modules, the fluid
distribution in the shell side was ameliorated and the channeling effect was
reduced when improving packing density, so the molar flux of HCI ihcreased.

It is feasible to apply OD for separation of HCI, but the rate of trans-
membrane mass transfer is lower than MD. By analyzing the electronic
microscope photographs of PTFE, PVDF and PP hydrophobic microporous
membrane, it was found that the hydrophobic membrane showed a good
performance of acid-proof and alkalescency-proof, anti-corrosion, stable
structure character. The total mass transfer coefficient and selectivity almost
did not change with the time going.

For the process of coupled MD and OD, temperature difference and
concentration difference wére taken into acco;lnt simultaneously.l The results
showed that the activity coefficient of chlorine ion and relative volatility of
HCI were enhanced owing to common-ion effect and salting-out effect when
the feed contained chloride. Increasing the volatility of HCI, the molar flux of
HCl could increase. It was because of hydration, which lowered the
concentration of “free water” and the activity of H,0, so the flux of H,0
decreased, inhibiting the mass transfer of vapor. The molar flux of HCI could
also increase by raising the initial concentration of hydrochloric acid in the

feed. Meanwhile, the mass transfer of vapor was inhibited. When the feed

If



ABSTRACT

contained sulfuric acid, the total mass transfer coefficient, selectivity
separation coefficient and the molar flux of HCI all increased, but the flux of

H,0 decreased.

KEY WORDS: membrane distillation, osmotic distillation, acid-washing

wastewater, mass transfer
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1.1 R IR

111 B EAESE s %

Bodell ' F 1963 ZE H BE I E RSP, BT “—FRARSVIAARATRAK
BREAL R TR KIS BEREAR” . BRBodel RIIFR LA MNME, RS
hEEE R, AHNEEMEE, BAYRENAYKESELTARFEAED, X
B R B i E A  Findley? T 196748 8 M A AR RO AR A FF KK 1986
EEPDETTHEARSENRS L, 54ERMBEAMIEERNEWARERTT
Gi—, e T EAER T MR R FREARSED: AT BN
FUBE, BEA BB B MR AR T BAEAERGERE: RART/
SRTLER: FIRABIUESXRE, RS SUR AR T HTH A2 KSBCFE R
% BEOE—MSHAIER KRR, FAEREAN S RER) A EA R E
SHPRSEE.

E, FE1%(Membrane Distillation, MD)PSR¥ 40 2 R R ABRBA M 4
ST B, BRI TK ML, HAEFH N R ERNAREE
BEMESEE. YH/KEEALBIEEE RRKKE RS R, BRGKERET

BRI B K R R BB BN 5 — I, (B FRAMAEERE, ANKRRER -

FERRSEAT. BERYFREBELTER. ¥ REXRELE, HERKS—0
CGREHSRIR) A BEEE, MTSEBUAS BRI S 3 R BT 7 B SRR «

RIRRE B IR SRR AR, BRETEEENSHUHRRGERPY,
B B 4 b 24 I %4 (Direct Contact Membrane Distillation, DCMD). TR R R & 1i(Air
Gap Membrane Distillation, AGMD). M3 3 % 13 (Sweeping Gas Membrane
Distillation, SGMD)#1ZL %5 3 71%(Vacuum Membrane Distillation, VMD), TUf#/A [
R EI-1H7R.

(1) HEEmREAREOCMD) % B w2 55 A FIE R Ik B il
EEFOE LS RO ESERENE TER, RSERISER: ONEREYFMH
WAy BE SHKEERR; ©SEREMREGKBENRE ST EAL; OFil
BRAS Y BB K MILIE, @5 18 R P90 B N SRR 3% 5 U % -
DCMDALER T 2R BRI BCAR R, 5THfE, BREEX, BREMARER
HEMFRMEL-] (a) o Bt EAHE R Y5 S R IHTE R EAL A LA R
HIMA, FRODHEH SRR R Hr iR,

1
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% 4 T
7 e
// /A |
KiBH / K # Kisiie /// o

. ///: .
(a) EHEHmARER . (b)) ShAREE

KB H Zf %

(c) mPATARER (HHZABER
A1 BARSENNHEERR

Fig.1-1 The four major types of membrane distillation

(2) REABEBAGMD)!" . AGMDIHI14 Fid FR 77 = 16 5DCMDAIF,
FNLABLBMEREYREATERL - BRMEIAA B, REESRINARE
LB Wk, AGMDAFEMMER, AR AR BSHhE, ELHEFL
28, mERUERIK, SMEXE SR, NERTHSAERS, REMERXmEI-1 b) .

(3) REREABSGMD)"Y): ESGMDH, 53F K MY 5s s IE B3 5
BRER BRHEERBRIGHRA RS, AR RR 4 EBA S, mE
1-1 (¢) BirR. SGMDHIE TSN N OB HE R M I RS ERE S Mk
HHER . RN T RERHTRE, TRTEBEARR0ES, BERRK,
B TR HER, HRYFEUAEE, METRANED.

(4) HEAEABVMD) M, ARG, Wi B SRR 55
SR, SERBMIEREYIRNRSE S E, REEFERY N, AHBIREMNE
ﬁ@%,ﬁﬁ%%ﬁﬁ%ﬁﬁﬁﬂﬁﬁﬁﬁ%ﬁﬁ@%@%%ﬂ%ﬁmﬂH(M,
S =MBRAMARE AL, XHEMERANBERRERERD, T2BRT,
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F—E %GR

B s REMEFREDBR DS, EhHTFRENEETK, MUERATREREAR
FLIE TR .

BT M EEMEEEERS, BB (2010) PIERHBHEAE( Bubble
Membrane Distillation, BMD). &S 7% ( Transmission Membrane Distillation, TMD)
FBS I 1% ( Aeration Membrane Distillation, AMD)%.

(5) BREAEEBMD): REE. BiE. NESHIBLRERETERERT
1B, TSR R A AR ST R, WA THREFEIE, N
FEMRBAEDOERIR. RSB ARRER, £ IERARNENERENES
B3k, EENBEESEROERIRE HESER, KRG SHKIERILEZ BF
ERFIRE, SRUESERMBR LA RAERMYERRSE L ARELETRARE,
AR L RARRERE A, HEREE T ERER RAERET, RAEHREKD. &
SRR TE R, SRR AR LA R R R, R
FERAHERST R, R NIRERANEOERE, BUdRER. £
W ERE RS, BEHEEHA, BENAEK, RELFERERD, K
AR FE AL RES, PERGEERK.

(6) BRIEHAMTMD): BERBAME SR ENERL, FEANERTS
EAXTHKBEKBEES, EHSSERSHENAN. EHESHREREEME
BRSNS FEBL ARSI, #EMERERT BB AR, &
— iR AR AR .

(7) BREABAMD): BB RZ AR R E T 102 SRIE R B AT
MIEE RS R, mRRAREAEESES, HTHRKERRLAN, TS
MRS, BARRSHFROSREMTR, B EPHEAIRTE, AT
BEBIUER. AHERAERET, WTBRALABEZL FRAKEFRE, R
TH KM RERIRS, FRSEEZESAKELTERA, BT BREELRRN
AT
1.1.2 BB 12 AR R AR

B AR REEENAREEAN T RIH. HPRERERSERYR
WH 3 EIA MBI FE, APUANDBRSER: BIERVTMARN EAEEEAMRE
B SERVRERMERERNL: HERYRELBILY BBz, HERY
JFCAE A (R 1 2 v

SRR A LA B R BRI B M A )L BE TR A% BB B AR, 1
EHRRE. B2, BRKERNRESRE, XEWAEXRTRERENERERENE
m LR R AARIER, R BEHBIUE BRI TERASIESE, BJ=CxAp,
CHEZBAN, ApHBEESEE, BEAVEARRANEEMEASEX, |

3



AR TR 4L 1R 3

RABABRBENEN R (BE. 713, BALHE, LER), R0WELR @
HRK. 2F8) REHE AR5, CHE#KIEMasson A8 1 KL SR (Dusty
Gas Model, DGM) AT, BIRES FAKUTFZMA BT AN K S5 5%
(Knudsen diffusion). 4F%" #f(Moleular diffusion)M1 % Zli(Poiseuile flow) (X HiK
HHFSD

BREBE R TN A B 12575 RS FEGAN RN R EBLEERT
T ATRETHENRD, —R2BEET SOEm'Y, S580FTURRLS
BHEN=MTRRENZ B RAS RS TEEER, BAONELEKESAST
FFS B MR (D FRLREOINEL, Lb>rt, SESTS5ILERME R R
HHRE R, PR AT RS RT BOR TR Mi<<rlf, SASTF2ZN
R AR A U AR 7= A O S o T, B AT BB TR, 154
ENKES, fF BN %A T %58 HH

o
V// TGy
Py

WRER N

g P 7 g 7
AN 1.7
o ¥
Xy ’
A3 7
R CLG A oy it 150 7

Bd1-2 MDf% R F7 i SR IR T4 AR
Fig.1-2 The sequent and parallel resistance of mass transfer of MD

ZERBEN TR B LRI RN, BRI BT g A — o h 3
BATHIE . N2 E XX =FHROTREME, 43R R R RER T
R, HRAENS 15 2L T A S B B — BN S i

Phattaranawik % A" 447 T BEFLZ A RIDCMDAE B Z M, A HIETLAB 5076 [
FWHEERENR. ERAXRDCMDH IR RS, S FEBILB MY &
REHRMSRY B, 4F5 BRSO B—3 F9 SA S Ak B %
A M. Fernandez %™ B 5 T ZEDCMD R % B9 IR— B 5 HLEE, Dings
RIETRY H—2 5 H—HHRE N =2 SKMPTEE, & it KMPTHR 5 Fiiy
BARAHNERE, B35FWANEMLER.

AR SR 0 B B AL E R K, AKXt AT A SR B 52 0 g
M, MEFLAER U K FSchofield ZPRIMEH R LA SRS WM
Stefan—Maxwell MR . 55 —FBF S0 ST AR i 2 BROR R O TR 220 S L
BB, B AR RTARY, R R RN RS E
% BRERNEMESHE IR, FNYSERERL; BREREN, TELE




B8 %GR

AR ALT 1 SRR R
113 BEIBRERRA N

AR R EKER, ERESENESEENEST, NHRESTH
BT, X B R A0 A R K R ALY E R AN B A . WATEBRK
MR ERA 0>90°, RIEBAEING. FRNGKEE—RbESTFREMH
H%, MBRRAZE (PVDF) . BA®H (PP) « BZM (PE) MIRUE LK (PTFE)
s XERSHEAAREFORKNE. LEREtRREErt, §REERRERIEE
ARG PR, Bue PR A “HEUK” MBS, BRUKKIBERIE 5K A
0>150°, BT BARSE BIER BB H K RIO R AL, RBIBEREEHNK
WL, MAERAMERENBETKSYE, “TTHERRHRLE (PVDF) HiK
R B fu £ M 80° $REE) 16007 o BiKMEREF, FLATE 0.1~0.5um 28], FLERRAE
60%~ 80%.2 [ I BEAA ok 52 5 A 1 o LA 1o PR Y,

wRTFEABAGE IR, B, BRNFEFERE. 4T FERELFR
MEH, FULRERARATAFRABAERS . BERRPTAEXEAMF R
Fl, 2 4 4 RO E £920~100pm, SMEZ9100~600um, A ERAHE
WHETAR: BRIGEER, BEBGERE: & RERE BEREEHE.
114 BEBIEDERELMARIBHEER

iR R PR B R, ey T R (AL 25 A A P APV T A 1 v A & R
(B 7K 26 S A 5 B I L P (0 T B K P L), KRS A R T TR
W, BT EREERIEFE, MEN RSN AL REREED, FTLUEES
BEARHNEK R, DUBR SRR IS T 2 B T RE.
114185

FEENRERE, B8 TEREYFRNRSIE, W TRIEMEE, FREERESR
FiZ MG BT, BRSNS, BT ERURER R TR L Rt
o T ZAPYRE “HRAKK K BAMBMATTRRE THREHRELERR” .
ER SRR, KESERERBEERK, FECEFESEREM/. Banat F
AP VMD % ZB— KBRS B KB, RORREMTA R, R EEE N
in, PSS B REAEHTIE .
1.1.4.25%

REAHE 3ot T o 8 PR SRR MR AL RV B A, 3B i BN RS 7 AL B A AR A BE W8
Bl SR R LRI E LIRS . AR T EWORART, Fdx R B A &,
s oAb T ETURAR, BRI, FESHE RN ZH T 2R, TP
WSUREALE, T e IE A OB R R A A BB AT R - R R ERE, BRE Y



AEH TR PR +F A8 3

REREZIBORAER,; M TP EAERAN, BTS2 B a8 L2 2 (o] (ks
&, WIHRAN, REERTEEE.
1.1.4.3%8pH
TREEEAPYERABA BB ERN R, REROpHE, SERANEA. &
FEKIE B PRV R4, pHIE K, 704 BNH:H 5 MB35, SHTNHESE,
BRASEZEEA, BERREEA. X TFREEREMR (WHCD , RSN
MG, BT HWpHE CEKTHWRE) , i EFEHER M, HIREHL
G KHCIA M), BHRE T SMHTHCURE, MR THEBEMNNESTEE, &7
FHCIH 4 # . Tomaszewska AP IS R4 B MOt RN, BIKRHRB M E
XTHCIZ B H Fo
L1448 P& &
KRABZABHRRREBER R TN, RREIBERHBR—MREENH B
br, TR S FR 5 B R AR R B AR B BRI E R R R I — A B
#. Banat ¥ APPRA VMD B ZB—K B4 B i R N NaCl, 2 8%
RS BRI B E R 5 Tomaszewska % A POIZE /2 B8 £h BRI % IR 7 26 46 68
EEIARE. RPN T MEEHRMLR, BATERMAROERE, &
& TKBZESED, 125 HCl Mk B .

1.2 BB LA

BEM (Osmotic Distillation, OD) PRyt BuEE S BmE S,
PN KR LRI TIR G . B AH RS B AR .t TI515 2805 5 b B 74k
HERBEAHR, FSXARAZEMEAEE, BRR, BERRRSARENZN, BiE%
RIS R M E R MR EEZS | RNARSIEE (8BRS, BHENMES
IEE SRERMBEFERNEE (FER Bx. HREYRENZEREE— MR
—BA AR, ¥ RESHATEMILE, FEFEREE— M R AL S HEA
WRERAR. BERERRIMR SRR T T 31THME, RERKD, #EY,
BB BT RRMEE EAER, USRI AZRE, AT —ERN
VIR KK P 2 B S, eI TR BT R ) SR ) R (A FR I R B L B
H L

TER ARBGRIBE R 18 R P T BB 2 1R, B P8 R BB cL Bk ik
R, FERLH) 7 — USRI R . — MBI T, BRI AN K, B
FKERFUBRRER A TR —AN S HE, ERYTRS USRS S
KPR HITHET. B ER Y RER KB BNGEESEEEE (K5E
%) RIEERBUBEETHONR. YBRENEREYDRORS TS, Bk
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B—F WGA

SEENE, pEREIEEETELY., BEEBAREYHAEMIE, L55
FKIMFBHR KX A E, BEAMABRNNE RS, SsEREIRTNRER
WIRRHEAT L 20, TOBZEMABARE FHERE, BABRRERANDINRS &
TR, &AL P AEEE B LB AL B B D T R AR 2 B AR

13 BERB5EERBBESRIRE

BEXRBERAMOEERWET AT AR, BEBRERIE) )RR
B 5 RESRRE: BERRNERENRBERMNNKEES ENESE
B . BEESEERENES R IVESBEREY, ERARISERENES
IR B RAR, % FIn % iR A Z X A LB L . EBF
A R S S AR RS EE Y BB ERE , AT RIRTKESUE
i, fEiPERE, FFEEST T HUEHRL, Balazs Koroknai% APHEBUZRIR 58418 (BR)
HESATHTIHORS, REARERTHNMBSIR. FAZYERRBBERE
WM R, WRANEEREMKEE, FRROKEBREERS. BER
EES RN AR RRE, BREERERNRE—EOKEE, KEEBNN, B
BERB RN, LURE NS MBS R MM FUE B5OK, BHRMER, Wk
B HEE SRR, RRLERNMAN, RNEMkSREMETER™. RET%
NN 5 5 B R MM A A BUE FRAR A 1B BBUER” , RS, A
RREREE, RN EA MR, 4 REMSERAMERNOEIE R KT
A H L AP R & .

1.4 BEIBMEERBIRFHRULAR

1.4.1 BERL

HEEmR AT RN AR RS PR HEMNER EAEREIR
i, BEELESRERMESERD PV FR MK, hE AAMIBER 285 5
AL 5%ERYFIEAMER @A BRBE AR, RENAMBUREZE2)%
s s £ ARl

LRGSR, BRNGEARSRAT BFEELRE. AL TER
PR BT AL A B R TR R TN AR R, A TR BES
TR EEEESTANEAEERE, XAHREREHZ ARERL. BERUGHEFEERE
BREMNE AT RN A WERE, W5 T EREHEs) N, MEAET
FEAF, ELRE M AL 3055 5 FIE A WAL R 3 (TPC) FoR, TPC=RiiiRZ=/EMME
£09, TPC i T LN BB BB ZMNF R ZE, BRRST TPCET L, BT




AR CRTP B8 3T

Wit RIFREEB RS, TPC HEHE 04~0.7 208, W SERBE0ETR, TPC
EHEETF 1.

Schofield % AP TPC 15 MBS A% BT — T ATERT, HR TR
FEARBRAGRRERUINE, EREY, LTHARIRENERR DT EM
AMFHREHRLETS, TPC N 0.6~0.9; FHATAMHEERESE, Bk
B AR B ) TPC E—BAE 0.4~0.7 Z18); BAIEHEERLE™E, o5k
[ TPC 4 0.3; Martinez S APRAISEHE R MHM, BT EBER, TPC
H B #E R % Lawson B AR A AT AL, 5t vk A BL AP O /K B 588 R B,
. RESH TPCEIRAE] 0.8 /4. TPC STRHRIRE . WRVE . EHRIRE S0 H
- W, FHEENRIREE, TPC Jg/b; &R A KRRRIR I RE X TPC. M4, TPC
EEBMEER, BERBKX, TPCHA; BHHSHASIEK, TPC KN,

BRI ERE T BRERED S, PHTERER, ELmERSNERE
WP EEL SR LR RN BEERL. SRS ARAENRIRE, LERT Y
Wi, BUHFEER, BEBHIBEERL. |

EBBERETRTREFERERL, FERMYRANEERKRE, ek
f ok T L 2 B AR P ARG, T 7 R SDCARI R M VR M 5 8 5 e 00 B B o 2

R R RIS B MBEK I AT RN, RIS RE O RR K,
MTTRHE TR BRI TR ), BRI R SRRSO A TR A
B, BERUREAHE, DEHRETEEKER, REATRSER—MENE,
KBS FR B AL B B TERAERB BRI AL, IR 2 B
BRI BERAL I 2,

142 KEWE

KMBABRRIER B RN, RS RERREAN, (5B RRRE
AT R ERMRE, EEMEABEZ BER—NKELRE, XIS A kE
k. Bk, WERKKHHSERMD R ERHED S, EELFIOLBPEN, &
FERIT R, RV A8 SR BRI AR UE B0, WREE MR IR 5 1 B A M o] L 22005
Martinez—Diez% ANPIZhiR B B AL AR BT RO MMBHT THRS, 23R, Al
TARBEWAC, WREEM AT I & MM B/, (BRI B R 1% e vk FE WAL B B
BEAh, WREERU IR BRI — € BUR, SRR XM RE R B S L5
LR,

BB P R FIERERIGE, ERRER, RERL BT MR
H, HFERRKERK, KIEREMOEERD, TERBKENMEERK, NS
BBEEFRD, FATRIEMRE ., 155K, WRERLIHERTREN S

8




F—F XMEA

WAT 2R, REIEHEARIGE R SERTRA, BRERLERRED.
1.5 BERBE B EZR BB A

1.5.1 BB AR A

1.5.1.1 H/KIRALRE UK i

RBBERHAE RSB, EHE 60 FREZRARLFHT
BN, BEFRMEN, REENTEAHNEERNBAISENTE, ERE
BEACREEARZA, mgAIRBIHATEENRA, REER, NERKEBEN
BN ERERE, HRHMRBENNE, KEWMAEERERAMBIARN TRKR
WRIE UK 2, SRR ISHAR GBI N RIEBEHARHE S . Lawson F AL
MBFFt 4 £, DCMD SRMEKRERREEIETELREEIENEREE;
REFE B K AR K B 26 7 T A 7 1R A A R i 0O (BRI A2 0 RERE SR
B, DHRERE AR, R AR B K AR K B A SRR
o ZENAZENE ) BRGH oBRF R % R BE R RU A, Schofield ZAPHE T Ik ae
SRR RA W, (752 R %A RS B AR, R A
SRR, FIRTA DL R R FERIOEENE, W APAEERMBAMRELESER,
FIF AP ES MK IR 2L, Godino 25 APPSO T 1 FH KR Ae 1 4 IR 2K TR A A A 2
E Kl etk

SH bR, BREEARRNEKRET S, BBl 2% XK
REARFERY): giiEit FEAER £ RRK P B HUBK, IR RS RT R K BB FE R I60%~ 87%;
RVBE RN A AR B B R 1899.7%0 |, TR AR KB SRR A
2)0.8uS/em, BEKBEYREEMHIET6x107. FILRERMRZESEE, FK
b S S0 — I 95 35 M S 7 1) g K U A R K B B o R — MR KIE IR R
] o
1.5.1. 233 R ¥ BRI WR 48

B AR AR B R KW R AR R Y AT e, AR R PR PO A 2R
B, FEICE RS, XA S ABOT P LA . SRFIVMDIRAEE U R e
BERIFHBCR, BY MR Zi%F85% . Rincon® A“/FIDCMD} H BEK
TGS, 3 EREEY R B R EAE100% . S 7% N R A BRI T Tk
TR B R P SRR R, BB BRI R AR . ERIDKGTIE, TR
SRR G, B RARASRN, FERERRITNEFRME, FTCREAR
BORTE R VR4 7 TH A R A RO D R R

IR B T S0E Rt 2 BB A S, (IR I IR R R R AL 75

9



Bl A U G e G UAS 8

WO RE R HAE — R EFERANE. RLFEANDRASHITEN G LR
CGRESBYED #ITIRE, FONEMTENTTY, BAMEBRAEERN T
R T7 v 530K NCIR RIRRBER R X IS TR BT TR, 8314
NHRRIGER

Y5, BRI R LU 5 4RI FIR GRS EARE, Eits R
Jr AR ARG RRZRE—25 R B AT O I — o A6 B B MKV ¥ [ 4% 7=
M L.
LS. 137 M 5 JR A At Bk e

FRAIBIT T 5 F T K VSV HE R MV R B RS, BB G T 7 3K
FERUERERAMOARSEERK, M7 BRI EOBRERES S, HEE
F AR T ROR R R BRI OK W P B R AP VR R R ATAT A

BEABEARATKERPENIN S BEEBR LK CRIRE, mAKERD %
BRAEE. 2B, W, BAR. FERTER. S0iSEREEIKEYY. Tk
% NSRS T AR S B BOK A ISR, BT RE. KIS R R
B, EESERBRESS, SERAMGERNEKRERIET T BKHERbRYE .

PBARN R R TRENM A, RBITHERENS R TEEXED, i
ERREVMSEFTHAEE —EME . FLBS NSRRI B A B K ER S
VIRHIT T8, SRR, ERAREESEFR—KREYNHREIILHAS,
FR—KH 2B R E0H1.93, Banat® A\ 5T T 261X IR B— K E B IR & W1 4
B, AR ERR.

EERUETHYR T E, EFEREFFHRKE RSB, FHDCMDM
RR U 2 B (RIS HCIO R B VMDA B 3 K sP HCLEAT [ ™), T =2 A Bt
DCMD. VMDMSGMD=H 775 X IR E A R #4T T L.

1.5.1.4 Kb 38

ST RA R EARAE BK A B b R F (9 SOk R 3 %, MR F 8K, &
MBUK. RREK. HIZAEK. BIEK. FEISEK. SR TEOLTEK
PRI BRI . HECRA VMD HEARE T H %KL, Fagt
BT AR TRE SR BOK AL B R N . W R TR AR R E R R I BOK L BN, B78
FISLF A B RO BER, tnIIRRE 55°C, MK 0.095MPa, & HELEITH
/NS T BURS IR Ay 462.4mg/L TR I B /K VR FEE B AR 1) 16me/L, S ) T4 G £ B 5K o
JBARHE .

Zakrzewska % NI & Mo BT YER KT A0 B0, B W7, LA
BOURTEB AN T RSB K LA REMRE, SRR T Bk B R4,

10



-8 IMER

RS R ABIHRER. Gy "EBE—REEEES, ATSmEKMIAE
FERLER, B5iBIESE MR A MERT Sme/L, PRI BRARRE S
— il GRS ERKTIM, FFTLLERAT 99.9%H % 5. Banat A"
BEEDE TS TRERNEKNEE S BENBEKMLE, BB IRFHLEEN
B, Marek Gryta ZAVS@EEX B LBKHARRA, £xEKETREEU LRI
K ERAMG R, SRJE B R R 2R KA T IR AR TR, BB 18 B4 A 2R TRV
AL S 7E 2~4 pS/cm Z [8].

152 BEEBEANEA

BEREMEATEARTVIR. A&5EMERSE. A TSREHAET ZHN
g, BERMRE—MLEMN, RETRIOBEIEHEAR, BECHEIE. HE. K
BEEHANE IR,

TEX R, EEr kg, ERIEREREREAR, BEAREFERT.
IR R AR S B AN UK. BEAMRERE THTRENRIETRE,
e BT Bt BESRIT RS . TE—RBE—BBAMNERBARERE EETT
HHR AT 1999 ELH T Tvibdrs, BT maE, REEdREEY
_ﬁ%ﬁ,ﬁ%ﬁ%ﬁ%%ﬁ-ﬁ%ﬁ%%,%E%ﬁ%ﬁ%%%%%ﬁo

AR SEYEI RS A, BERETATES. EAR. BURRERNK
45, BE BTN E AR, TIE. A, KETR, HREIANEREFREY.
e EitT . BIETIRE, BRMBEAMHE—DKE, REHILHENRE
%5 . Sheng ZAYESBERBHAM ANMEAR. NFARARTRS, 4
BEE, ZHBEREAANEREEIEBRNESRET . FHME—8E—
BIBEHB—DETRASTEHBNTNHZAERa L EE, T HawREL™
BeFE.

HEBEROEAENT T RAMRECERS, BlnxIKHEA K25
HW (KR SINBIZBE TEORLRRT, ZRTEKELEMEREE R e

ol

Jebh, BERUCHRTEREBROLG, ERAIKEETENESEEN
BE)F, BRI TS TR, FEER A — BRSO, WERE
P % SR P SR R VBB A R AR e,

1.6 Bk KA b2
1.6.1 EREKNEKRESRE
154, AT, MUREmke et fd, ¥EERABRR (FRAER. mk%)

11




R TR A3

TERELERIN & BREBITRYE. RIEHRAEKR—FEmEEK, EEERS
RE. BB, K]S, pHEERE 02~1.0 21U, Bj, REAZLILHAT
5000 RZK, BEHBAIBREE AR E LM, XERILE KN RAZ LR B EHHRZ
KEPHERENAEG L. EFEKFR CrieSKPRENmE S ERBUE
VIR=8 Pk, CIREdENREDLEKBEEM.,

WA, BKHE Créest & BRHSEAERNMIER. £BRE ML
THRBNEE (BHA) TFERS, YAFPEE CIit, FHEEEIHIN, BF
SE. HERZ Crisch A e BRIt ameE E, R FHERE, RER
HACB TR T4 A BT aY), & REFHHZHNERS B E S B4R
Wi (FLIRZ7E 20~30pm), XFEMBEHER AL, LR NE BREE KL N
iR & EAMELHITYT BOTRAMRL, mILFTHEEEE, mILNELE
BALRE, FRMLREAKD, BAPRHEE TN BT EERIM, T e
KmE &R RmERS, TENETERETEFILE FE L EXBIEEK
HCL#AT 7B BEFAT AR HERUE B A HKF CUREREAfE#T 300mg/L.

162 Bk (&8) EKHAESE
1.6.2.1F 3k

ERMRILBK BT R, BRARRWEAKEX . FRRILRKH
TR AIACER . BARPFIERESS (EIRK I pH (LA BIHEARAE, (B3 RRE R D BEK

TH) Cl, FIRHEFREXBONR, HF-EREBNEKE, KUESEEEFY, &R

VIR AR SRR R B ) Z IR 4.
1.6.2.2 B
EHAEe Y R A ER AR B AR R AR (SRR YAk, FIRHE Tk She
iR TR BE A EA R EAER, ERNHLEY:
HCI —HCl1
2FeCly+2H,0+1/20,—Fe;,05+4HCI

EREERET, RRBMZAR. BK, THBEKE, 78 (HCL Fe0,) ffk
KUME—NREATHR BEELHURER. REMERE. LEAHKSRE, %
ERANELRATERA, B REKETER SRR, BA BTSSR
M BEBEBEHRABELBONA, EEORE R 4ELBRETFS“H
£ TRAENMSGEREER, MEFBEKTE. REMHBmEERE, BTRAKX,
PR T % BRI,




F—8 URGR

1.6.2.3 B IR E

BRI R B BK 5B T AMREDA M, BRTRERYSEINS
&, WTIEFIBK R E . SARRECR AR =T B 515 IR & 1 2R
BT BK R8RS, RIERAKHERMFIRETR
U AR, thRR A R TR B 90%. W IR HUERT A R A R, &,
BATHAE, EHTFERRERR, FUELFNTRNALHRD.

1.6.2.4 HLIR fRE

FLIR B2 32 R B K PO B 3 A SR HE : 76 B A ik b hn— e MR K, AR AR AL,
BRALTFERAARNAY, YHLENTEEKREE SR, BHREE
W% B B K R EICT, fEBK R EICTE W4 T rakRE, AMXFIERCITBER. &
LR RANLT, ERMSHEBREMRBETIS0% L, BRI T AN RETE
BB, ARG, BREMK TR T E 7 RNHE S S EE—
S, SRR IRE S A FERRELRE, REAKESRSEMAN
F7 1.
1.6.2.5 XKBALEYRMIE

KBRS (Hydrotalcite like compound) £ — 25 &) E KB =5 7 ¥ L 44
£, SENHTREHIE WEITARGHAET, FUXKABRREEES
4 )& ALY (Layered Double Hydrxoides, 35 ALDHs). LDHsf) Z#4E &5 # A A,
AENREL. ME. BE. HEREERLERNMELR, BAELEESNE
BRI A, |

LDHsi 4 Kahes, SRR mE—E &4 TRBEHREUKNESAEF, BR
G KM GEEIZ MR B B B0k, R LLDHS AT 1F 4 #5438 7 RO B . RUA
LDHsHIZ 81 B F A M BE ML SR r= i “ RS2 B0 S BRI HICT, 7]
A CIkBERIREI300mg/LEA T« $3EH S NPIBFR T R HEIRBES00°C, n(Mg):n(AD=4:1,

KB FREKEE h2.0g/L, ACFRERE H30CH, KR EKmIRKE A (CLDH)XCl

EIR B R, MCIHERE K%, BiZAEREREZ, BATILRFNTRNA
FEH PR A LT ERRE.
1.6.2.6 AR IS4 B TE

ARG B R AR IR RS B KB E LUK G, B8 T W A
FAAT A B, KA TR, W/ E MRS, A& B HE R
WENEHBN. GEES AP ER, ELRELH THCIERETIEIO%U L,
EA R EKEEER, RRAS, BHKESBEEFNAEFHER— P,
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AR TR LR X

1.6.2.7 ¥ BB

Y IUBHTCIT AR I B R A I TR SR, BRI R
WEMHER, HTRORUFERERE, BTEREENERTASRERNRIER
BWERY #. 7 BBTH#E RN RERMRERE ORES) , BT Bsh
XIRAREGHT. T BBHHRERSR. BRI, BRI TENAMMED, RLE
BT e R B AT SIS AR A R R A, 7 HE RS AR ER, &
B Ja R B R EL U

LT FEXHMREN. AERBARL

LTI MRENX

RS, WL, UM TSTLAERETEEN SRETRE, B LNE
KEBHBENRRHRTERGS, RMBEEKTE CristsReEsEmi
W HHEREMET SRR LR, ENETERTENFAME. $T LA
BHE, HLEXMRLEAKTH CIETRE, BARGRSEREE N HE RS B
Ao FEBRBRERMR TR ER EHHBHRS, THRES BB S SR
WA, RERRER. E-REROBREHTE AEEEMFEEPEN.

A SRR B K A RSB, KA H BB 5 B A S BRIt & &
B, RENFARRR SEEMACERILRANTITE, HREARBER
TRER DO FIVE R 76K AR AB B 7 R R 1 MV R 3 6 A B KR
B TR R E KRR H W, SRR S Ba R
B BHRCHCL A B0 Wi Fivtde, DUMIRS HCl Mt 2 Bitt. TTRMA S S155
ARG BRI R BOK AT, THIRNELHEEN. EoRSRNEK
Wor R BOK BT LR R AT R AN, WR AR A T,

L72HMRAA

A EEFRAR:

(1) BUEMERES, THMAEREYRN, KER BB R,

(2) RABZEMEH AR EERRE B AP ERERR HClL, HERRBRER
T HCIFAERE B SRR BRI B R, B B B AL b3
WX TR

(3) BRUBEARMIEIET HCI MR BIERE, % B0 sid BReh B & 4 M 1
2.

(4) BAMARMBBARMRS, FTHAILIE HCLA H,0 HH Fb: A5 L R 0




8 R

S KRR R E,
1.7.3 H A%
LT M AR BE A 13 FiR.
NEE R
e - == ___ .
J [ EEEsRdkEs |
FERRE R R

(TR AR —H 0K
v BD MRS RE R

|| BREES B RHCIH BEZ BN BEKPHCIH
| fERE MR eI R R

|

| (RLEERREREFEERY) YN h
|| R, SRR k. e o
\ B, RIS RIS RN e i

KGRI B R4 G, PSRN ZRRE R, B3 Y mt
1 K SR D0 TR, WLL BRI B B AL KA R A9 TT ik
\

1-3 LRHAMBEARBE
Fig.1-3 Technology roadmap of experimental study

15

———— —— ——

o



REEEVARET LR EREYRER T, KESHBHE R, 28
BB PR BB HhvR B S5 8 AR K 2 B A5 TR 9, 4 48 HCL-H,0
T TCALI A FR BB R TR LB AR

2.1 BigipH

LLIKESERBENITEAZ

BERTRFC KRB R B, &AHNEIIRRIZTo s
KR EE.
JH,0)= Am/At 2-D
K Q1) F, JHO)HKMERER, ke/(m>h); Am RTRUEIIE R B AL,
kg; A WEHMRER, m’; ¢ HBITHE], he

212 BEREAE
1E DCMD /2%, MUK IARARE (Trn) KT RN EAEE (Thy),

RMBRELRFEE (T BTAMEEERE (T, 0RE, BXMREH HE
FRERRA o R 47 A 0S5 00 5 3 % T 25 40 T e S MO S B K W 2R
=, BER T R Y B A BHES) 7 - 8 BE MR ALBL S T B RS R o PR AR AL R 8 TPC
RIK/ANRBTE, TPC R T fFd Bt BB B £ MR, HENT 0~1 2,
HEBKR, RABBEHENORERES. ST RIFOBAREAS, TPC HESE
04~0.7 Z[8); XFZthmEHiidiE, TPCHEBET 1. TPC XX TF:

TpC = tinhinm (2-2)

w = L

R QD Hy Ty M T FAHRAERMAA MBREERRE; T M Ty 550
PR AR AR AR R o

k

; ?"‘-(Ts‘b+Tﬂb-hr/h5)+hf-7;b-J-AH
fm — k_m+h l+k_m ' (2'3)
§ " ho
b (T Ty 1)1 T, 4B
7 -8 " £ (2-4)
E'—“—+hs l+£‘"—
5 &
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BoFE BRABIRPKERBRIERTIR

R (2-3). (2-4) B, SHRMBERE: AH hRMAEEHHER: W ABORES

AN, EMEEESHTYSREAL: bl b2 R AR RERRE, FX
BT 2% kBRI H:

Nu=0.19Re"* pr®? (2-5)
2.2 RRES
2.2.1 TSR RAH

S KHAENFRLE (PTFE). BAE (PP) FHRE, HHBEKNEABEASHERL
% 2-1, SRABALHEEA BT, dIbEEVRE MImR, hPsRAaR
HIAETEE NI (PMMA) BUEA R, WRBERMRTES BiRE, RERNKER
BZERM USRS, RIF REFRRE D 2R RS R Y R 15
M. KEABBERER TR WERRBA S, ARRER 4=0.004m*, BAKA
WL 2-1.
%21 ERAFRBEEARASH

Table 2-1 Basic technical parameter of flat membrane

FELbE R & 6/um A2 ripm HLEEE /% K
PTFE 60 0.1 55 8| gk 20
PP 160 0.2 65 Akzo Nobel , Germany
AL A
\ 33 s
VAR /
1 1.} § - ”
ik p=—Nay 3
n\n\'} §{
/ 4 A\ 0 ¥
" - "
A ; i & )
|0 -
\ }/' o ) / ° 2 ®
s R l
[ “

il

....,;}J{é.tpm ° °
? |
*

\ /’ '\ REAQ
F R RS
(a) (b

B2 FREAHASSEIEE
@I (b
Fig.2-1 Inner structure of flat membrane module
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LS TR 2 AR

222 TREE

KRB B WE2207R . KRR —NIEF IR, RIS INAE i) F AR
RN RBA S, BRT SR FBE RIS, ERREReR: Tk
R )RR RN AR AL, ZETRC ey RN 5 3 SR B KRR 2SR
TR PIANMEARTETE KA F SRR TR SR
MR RE IS B T AR R E R AL R, B FREFRNTN
REB T K RSB LA &

T
S ——

6 |
|
~ \
] ; 4 —— ‘
2 5 3 7 |
B2-2 LRHEFEAREE
Fig.2-2 Schematic illustration of the apparatus
1—RRECHE: 2—ERKH: 3—iF3 R 4—FRRBEAM: S—RRIERKS,
6— SV, T—HF R, 8— AR (BB T1. T2, T3. T4.
2.2.3 LI .
22 FELRMBRE
Table 2-2  List of main experimental instruments
e . .
ok RS /HA& HEES & TR
WHELL U RUIAAET, I | SN CBHBD Ml
i 601-A DI 1000W, FTHBEAEN | NIRRT, TR | bl 4Ry
Kt TSEARIETS, MR | HE RS T | (B AH
£0.1C fHiR/K#E)
R EH MAT RN |
5 8] YAl gl
e |, | IR e
e as 1500W , TR N . ' M VN
(72 B +0.1°C B
r:‘—-l '-;j- 1 sle s i
KF | ArDlio |TAECIE © o SARAA
RS | PHS-W | K/E b£0.01 WE KRR BGR pH | BB RIFHBRA R




B_F RAETET KRR RTTR

4 g
& .
e RS RS K Rig AR
e . . KRB/ R | R SR ERER
¥EZN% | BT00-600M | B A#:i# 300rad/min ERED WA
SE A ) R IR
o TR B gﬁ’iﬁ j;“fgfg
HRE — RIET, BEERE, B B!
24 L BRI, ERITH
Bl B A 2R BB K
%
TR L W T o |
- 2L % T
2.3 &R 51tE
2.3.1 BEHIE K TE

AT ERBIELL, BN TERLRHBENBKIERE, LRXM PP
PTFE WA AR RN ER MR, SSRABHEARARSHINE 2-1. LREES, #iK
FIRBCR E K, BB ES A 0.186m/s, FEFMIRAES AR (25C),

LR RWE 23 Frw.
0.20
015 A
| —a— ppiE
0.10 —o— PTFER
=
Eooosh
= b A
] T . A ..
LISt o Vst
(@)
T 005 |
h<
.10
-0.18
020 1 PR WU SO SEPR SO B
0 10 20 30 40 50 60 70 80
Time/min

M 2-3 PP A PTFE BaKHEHE (25C)
Fig.2-3 The comparison of hydrophobicity of PP and PTFE membrane at 25°C
(18 2-3 fi#y &, 74 PTFE 1 PP B FHUBRA, /K 9 BS BLE B HEA LT,
VX BRI B K T B A, R TR ER, ERLENSRER A, MELH—K
WK SEi LM BB BUK T R B R A R K LB R.




AL TR AT 8 3

232 AMAQBREMKESERESHTM

BRI ALK, BIADBRERFE 10C, FERMANDERE N 30, 35, 40.
45, 50, 55, 60C, KESRKBEHEEZFEAMN DBETHFRNE 2-4. HET4,
KFSE A BREEHEA DR A B 2 K. B DB T &1
BERE A, NHAERETARAEREE. ANLE 4888, ©
HFEZET, FER ﬁ%mmm%ﬁ%ﬁ%ﬁ

*
T

" u=u=0.145m s’ T=10C

8 y=u=0.1%6m s' T=10C

~
T

J(H,0)kg: m* 1"
@

B 2-4 A DB BT B EE R AW

Fig.2-4 Influence of temperature in the heat side on H,O flux
2.3.3 AR R A ESEEBENTM

BERRM S 4K, REAMADERE 10°C, R MAE 0.145m/s, $REMMFE,
ARl E T KBS BUE BREFRR IR T R LE 2-5,

12

B T=35C, T=10C, u=0.145m/s
[ ZZBT~45C , T=10C, u=0.145mis
- SITA5C, T=10C, u=0.145mis

s

7/,
72

o0
T

AN

7
A,

J(H,0) /kg.m” b
4
L]

0.21

B 2-5 HMEEEERNEH
Fig.2-5  Influence of flow rate in the heat side on H,0O flux

RHECUR (€48 K G SUBER MU AR 0 FU R, /0 T BRI 5 3 140 2 1ol
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B8 BAREIRPKERBRERTR

HRBERE, BATHAERRE, B4 TdRER MIBRERE (T B&
ETFHERBE (), WHTEERL, ATHXEREE (B 25, MEREE
P S 1 I T A K

0.72

1755°C 1=20°C
?

o,:)z o ots e o.|z4 o
uf=us/m.s"
B 26 RERCAEESRENKR
Fig.2-6 TPC vs. flow rate

5L R AL 7 2R B T R G 05 4 4 AR 2 o 8 T AR IR T S LA PR A
B AMI—E4. hE2-6 TLEE, MERENER, RERLREETER. 7
BRBEEE, FENK, GREREEEAD, RIS, B 5T
K, KESHBBERHBA, 5 “BELE BRI X—4HE 2.

234 BREHKESERBEHZMW

6

T=IC, 7=21C

ur- u=0. 186m/s

1N

¢NaCly/mol.L"

27 BWREXNKEABRERNEW
Fig.2-7  Influence of salinity in on H;O flux

JH,0V kg m™ h’
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L

w
T

Pitsy

Fik. ME2-TAILUEE, SOUAA WAL CIREE . IR IE —E i, BEE A
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B AR o A5

NaCURBEHIHK, RSB BUR EZH A . B AR, BEH5.5 ke/(m>h);
NaCl# % %5 0.5mol/L Bt , & & % 4.9kgm?h™; NaClik B % 4molVL i, & & %
229kg/(m™h). KESHBBERFDOEER: —H, HhRENRE kB IR
WREZBR, WTEBHEBOER, BHKEIAAMARNEE, B—HE, ik
EHEK R BNBERK, MAE TSR E KR SUE, BAEE TR HEA.
EH T DA 795 77 T R D 5K 7 A I 0 U P BT KT A

24 XTI

(1) AN DRI BB IR BAE FUHES) ), BAKKSMBIEE,

(2) WARENHKESBREAAEN RN, R TRERS £k
ZMARERE, MRTHEERRY, BT LRER, SIS TEERL, 5
TR R Y R

(3) AMEH RN RS REEBWOARSLE, REBNOEE, LTBEA
IRIEEREPTH M 1E A S BUK S B E B
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F=F JEAES B HCLE IR

¥=F BHRBSEKD HC BT REREMR

AR R LR 2 5 R A SUE BB S NI R B R, BREER
—FB AR, WA AT REBRAKPHEREYR (1 NH;. HCL HS %) . £
KRB SRR (DCMD) 4 BKH HCL 73 APK PR A4 i 4 4
A AT DCMD 72, BAHCI MERERE. SARARMERNESBRENE
LA B B BORHBTR .

3.1 FRARAGKE

3.1.1 Bigis
3.1LLIHCHRER R

RS, HCIMBEERR G-1) KE:
JCHCD = K(c}y — o) | (3-1)

3.1.1.246 R 44

DCMD 43 B 535 R AT VU5 5E e S4B R0 IRAN £ 04% 1 B A B R
H; H5ERDREMIBRE L SERDRSE BT BEgaA; HERD
FRIEA MR T vk, BENVRON R . R R A2 Bk BTRE 7 (1/K) BLAE ML s )
BREMA (UK VK RBRAEFRES (1K) » B

=—t—t—

R (32) P, KABERRER, Ko KK HEBAERRE. BAHERRLK
TR R R B, AL Amss.
2RI R AR R AR R VBT, e T RO S T Ak A A A2 B R ARG A AT
W, MORBCRME RS (UK ABxTF&A BRI & B8, T 2IRA
HPY, B G-2)FEA:
1 1 1
————
K K, K,

(3-3)

L2 B R ARBNHES

HU SR AR B AT — T BO d, HRRALEEA B HCL TR, BRE
ForEE LA 3-1.
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AEnUe TR A8 3

—Qdc=K(c; -c,)dA (3-4)

OOG

OO
BOONS 86 &3

POOSOSO00008 9 (
XX

IO00S0008000000Y
P P0S580080080 4
100680000060 ¢

A

resce ol
XL
OO

OO,

DOCC
LI

X
XXX

POS 0000080000000 0¢

X
AU OO
)00E 00000000800 0000000¢

100500600000
OO OO0,
XXX

DO

100008000000 ¢

'S80 008500004

SOOI

H
a
.
.

$4
-
-
e

-_—’Eg;
OO s,

x=0 Ldx| .
& 3-1 FRABAHEFREE (DCMD)
Fig.3-1 Schematic of mass transfer for flat membrane module in DCMD

MR ST AR P LA B B B L A HCT ST AL R, e TFIRUGR A AL R
R R R PRE AR AT, TR B2 R PEL A AR X T 38 A B R A4 B Ay
A, TR RERBGRIE R, LRI B HCL 7 LI 5 TR o 5 d &b
KIREAE (B c0). # (3-4) AR :

~-Q,dc = Ke,dA (3-5)

BREH S BAFED CBHEMD, 4=0, c=c,,; BAMHD CEREMD, 4=4,
c=c.0 MR (3-5) HITRHE:
- K

n_’__=— (3'6)
Cra Qf ; '

K (3-6) F, O WEREMFAER, m’s; 4 WEXEER, md K HEER
RY wiss cpo, o ARIABAMEREMIE . H O HCl BWREE, mol/L.
SR IR 1, SRR A B R HCIEH TR 7 5 .

-d(Vey))=0,(c,o—c, )t (3-7
JA
V=t (3-8)
JA
=d(Vey)=—c,, dV ~Vdc,,=c, ,—dt-(V, —ﬁt)dc, 0 (3-9)
p p ’

XG-7. (3-8) 4545

—d(Vc0)=Q/cf,o[l—exp(—ﬁ)]dt (3-10)
9,
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HoFE AR BT HCL R RTTR

R (39), (3-10) &8, HRANGREFHITHRS, kB
JAt) p{Q,[1-exp(-KA/ Q,)]-JA/ p}

0
In L% = ~In(1- 2 (3-11)
Cro m, JA4
4
5 Pl lI=exp(-KAIQ, )~ T4 p}
JA
B
0
In<2 = _BIn(1- 22 (3-12)
Cro my

R (3-12) 1, ¢, ¢ 4% 0 RALA B ZURHRINBAL A DAL HCI B3,
S AR P AEEHEE . BIncS o /et o 0t —In(1 - JAt/m, ) fE B, FFIATEAERLE
HMEAHE B TRALNERRL.
3LI3EREIERAMES

AR, A HCE B0 RR K B B, s
YRR M MR HOL B M, RIEERMIENIK £ HCl AR — A BBk, &
CRAGENSEAN S ET. fRMRER YRS BANSE, & X T

_y/U=y)
ﬂ’va-m

R (3-13) 1, ye x 45518 HOZEMACH IR R M TR ARG Ly 1x 53
SRR ARG R R B A, WT x y BIEETE, H A~y

#

(3-13)

- —pd(ch)

(3-14)
g ¢, oJAdt
gaR (3-8) BRHS HE:
d _
cro _ JAB-N)dt (3.15)
Cro  JAI-m,
M (3-15) #HITRE:
0
lnf?°—=-(ﬂ-l)ln(l—-JAl) (3-16)
Cro my,

Blinc® o /c!, o 3 ~In(1 - JAt/m,) fE BRI 8 — 4 LR, th ELARRIRBI AR 1L FEAEST
HARKB-
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AR TR0 X

3.1.2 LI
3.1.2.1 5250 P R e R4

SRAPRBREARASERE - ER 21, LRABAH Q) HLR=EHE,
BRI R 0.011m?.

3.1.2.25 KR
% 3-1 LRRA
Table 3-1 Experimental reagent
Rk gy A %
B HT4 (AR) dentde 1
ik 44k (AR) dentte L]
AL S Hr8E (AR) T
A& S¥r4li (AR) Teste 1
V4. SHréli (AR) Jentde O
HRR R S8 (AR) R MIAR R A
B P 44 (AR) Ak TRk AT R 22 |
Bk T | LI R AL T AT A R
3123 K%E
IO E W —EE2-2,
31240 B FIRE N ik

SIS P R AR EE (GB11896-89) Bl vk b (3 Tk FE
313 ERE5HS
313.EREA DR B R

FHBOA ERIRAE R, pH=0.98, TR S AL A, pH=122. ARG Y
A0.186m/s, RIS DRFERAFTE 20°C, BUREHEA DIRAE, HC BE/R 8 BRiE
ADREAN KRR ME 3-2 Fin. HERTEAE H HCL /R B BHENEA DR EN A &
MK BEKTHERE T BB REE, MK HCIEEKT Y SR, US4t
T+ = B H R T HC F5 R

Bl 3-3 KRB, BORBEADEERBIR, KESHEREERGA, KM EHE
BEFEHEHEXRR LA, ERBGEMEETRTHELT, RN DEET S, BEH
AR SIEEZEBK, BUKESERIE R K, KA AL SRR T RO,
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B=E RS BT HCERIERETIR

B0 HCI 96 R, BIL7E SR A 28 vk 4 B HCL /2 ep, Bk MalK ffkid LIER
& HCl 0 BERE.

0.32

=
R
T

0.16 -

J(HCD /mol- m™ h'
s
T

o
8

.0.08 s PR SN W WY S [T S R 1 2
20 40 60 80 100 120 140 160

Time/min
B 3-2 RHEADEEN HC ERER KW

Fig.3-2 Influence of temperature in the feed on HCI flux
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B33 KA DBEXKEERERNEW

Fig.3-3 Influence of temperature in the feed on H,O flux
HLR AR R 20000 5 19 HCLIKBE, BAInc? /e o %4 = In(1 - JAt/m, ) 1E B, G R 3-4
Fik. B 3-4 MIFMENETR (3-12) FBRMELRR, HEELREMHH T E
R RS K RIE RN B RE B (B 3-5), IR EBERR LU R -k SRR
RIERBIE UTHER, 4R1E 3-6.
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Fig3-4 Incgo/cty vs.~In(1~JAt/m,) in DCMD
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Fig.3-5 Influence of temperature in the feed on K and #

A 3-5 T4, SRR ABBERE DR R F BT A, FRPES B B 2Bk
BADRER T B TR BEFHR 161, BAERAR K tH 3.18X 10°m/s B3 4.26
X10°m/s, KT 34%; BEESBRE BT 12.8%, SR RIS AMEE R
il B TR E B BHBE HCL MR SUEIK, MR B 0 HCl (A <UR 2, T
D) Ty RHEE R, HCL Y MRS K, DRBEBEREA, BERLIS
W53, ARER TN, EF R R S5 R HC B B . THE kA
R B3 HCL W% BRMAE 3, BIREOF B LA KL, MR
REZEIEERK, RNKRSHT BRLNER, KB FER £ 8 EKES0ERE
BREREK (WE 33 HiR), BESBCEHIES BRI,




B=E WIS EKD HCL M ARSI

@36%%,mKEh@%mEﬂm%ﬁ%%,ﬁ%?ﬁ%%m%mm“%ﬁ%
B K HERMNBNENEE THABARKZAZEAREFMEEXRFR, B
nK=InK"-4/T” &i—H.
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Fig3-6 -InKvs. 1/T;in DCMD

3.1.3.2R R DU x4 SR K R

EC R, RUORCH BRI, REFRHRA DR 523°C, THGRA
1L 28178 20°C , TR TR 0.145m/s, BHEAEZEHITE 0.145m/s~0.273 m/s ZJal,
AR S as 4 B 5045 HCI fIBE/R B B RELRAE 2 3-7 BT R. B 3-7&RY, &
LN 7 A 8 38 K HCL BOPE /R 8 o LI 938 A hn B T RS THI U 4 s AR
B, HATHEEOSEEAZ MM AREE, RATARENER, W TRER
WK Z Rk, {#18 HCI IR /RKid 838 K,
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Fig.3-7 Influence of flow rate in the feed side on HCI flux
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Table 3-2  Basic parameters of hollow fiber membrane modules

WS dymm  dy/mm Am’ nl ki &%  Dyp/mm Dy/mm  /m

1 1.1 0.8 0.037 48 20 17 19 0.22
2 1.1 0.8 0.055 72 30 17 19 0.22
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Fig.3-16 Influence of temperature in the feed on HCI flux Chollow fiber membrane module )
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1 20% 4.13 2.76
2 30% : 5.44 2.58

BT SE AR AT T, R R, TR A BN, P DR LS
0.243m/s, RHE . AR DR BE A BIRFFIES3.SC 20C 0 2 5IR I 2455 B 1120%
0% FMAMEITER, MES-18RHE H, EHESENA, HCINERE R
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Fig.3-20 Comparison of membrane structure before and after experiment(surface)
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Table 5-1 Experimental reagent
ERilE #hipE IR
R Srirel (AR) dentfe 1
iR - Mgl (AR) T
gy A8l (AR) e
SHE Sy Hrél (AR) Jene
. T4k (AR) Rt
THRR R 4l (AR) KA TS Bt R A
tivge 4k (AR) Mk BEAL T B A A
51418 TR A TR FE L ST A A
5.3 Bt o

53.1 HCFH,0 RSB L X R 2R

BARES BHCUS B, BREBESSHBAR, SUENBHRE N LEE, 1
PG BRI E 2 WP ERE. ¥ FHCHLOKER, RREE. HEKE THHCI 5
FARESSLEA RGEMIED, RITHFEE UL, SHHHCLHLOKENS }
PR ML, WES-1FTR. BRI 5 0 A 038 £k R R R
S TERURARIRIR, BB TR, SO0k, HB
i R 2 B HCLR AT 4T .

BARBEZNGR, BENOTE, LHAARTE, KRIHEBK, KESEBER
MR 2 M) F Lk B TR A 3. KSR R HCL A BACE,
BRI, WEHRESEREN, HC-HO % T b Bk 18 Al B A
EAFESANE, BB b BV TR i B K (15 A EIE T, ST
LSBT B AT 4 TF B

LR TH BRI, R R A RS, ERMRT
WXMIERE . SHARREZL, BHXHIRHZ DSR4 0 A7
Setchenow /7 F2 & 75 /01

S,
lgS—b':kc_v (5-1)

R 51 H, S, S, BN RE RIS SR AR, kBT

BRLREG o, HHHRER ERHREE .
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W, RRFE (5-2) RRKIEILER.

J=CAp (5-2)
R E AR KRS ERN R T EAEMNGRERSETE, BRERY:
p(e,T)=a(c)p(T) (5-3)

K (5-3) W, a KMERE, p"(T) BRE T HAKMZESE,
WAk, 5% & 87 (Clausius)- 58 47 % (Clapeyron) 77 #2 AT 40, 44 4} 76 S E 5 #
FWE 2 AR R
(T o _A .
p (T) x exp( RT) (5-4)

BE Trmr Tom 5 AIARRERE AR MABR K-S R ERGREE, T hFBEE,
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Fig.5-4 Influence of temperature difference and salinity on H,O flux
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323 K B, Ap=0.864 kPa, AT 40K, Ap KT 8.1 £%, BEEEMARKES
EREEEMYEERA.

%52 AFEETFAKS 10% NaCl ElRmE KA EE™

Table 5-2 The vapor pressure of pure water and 10% NaCl solution at different temperature

FEK 283 293 303 313 323

pi/kPa 1.228 2339 4.243 7376 12.334
p/kPa 1.133 2133 4.000 6.933 11.470
Ap/kPa 0.095 0.206 0.243 0.443 0.864

: p—SUKRIMRIZZSE; pr—NaClFHREKHIZASE: Ap—KEBESR IR E
5.4.1. 30 KRR

AR MFEI H 0.21m/s, RHRE R RIFAE 24.0C. B S-6 WLLEH, BEERK
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JH,0)=0; ARBGH SRR Z KT 4.7°CH, JH0)<0, BIKZE MR I i FHE
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Fig.5-6 Influence of stripper temperature on H,O flux
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R S BN B AR BORN DHEE 2514 49.8°C. 20C, BEPIIIAEL
% 0.21m/s. HCl FKHER WE 5-9 Fir.

%53 40°CH HCl FERIRRWE T A9 HERR L™
Table 5-3 The solubility of HCI in sulfuric acid solution at 40°C

B HClIRE % 35.6 34.8 32.4 27.6 25.9 185 115

R BIRIE % 3.56 5.86 8.90 16.8 18.8 286 442

Bl 5-9 %4, BEERDRPRMKEREK, KESHTHEELE 28 #H/N, HCI
IR R B A . MR BRI b 0.01mol/L i, J(H,0)=6.88kg/(m’h),
JHCI=0.14mol/(m>h); BBk B K| 0.05 molL I, JH,0)=4.95 kg/(m™h),
J(HCI)=0.45 mol/(m*h), KAIEE TFRET 28.1%, HCIHMEEMAT 2.1 f%,
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Fig.5-9 Influence of H,SO; concentration in the feed on flux
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