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Abstract

In the aspect of ship water supply, the primary reverse osmosis device can convert the seawater
with total dissolved solids (TDS) of about 35,000 mg/L to the desalinated water with TDS of 200 -
700 mg/L. After a long-term operation, the TDS of the produced water will exceed the TDS limita-
tion of ship water quality. Moreover, the primary reverse osmosis device has the problem of poor
boron removal effect, causing a certain health risk in using desalinated water supplied by the
primary reverse osmosis device. Therefore, it is necessary to carry out the secondary advanced
treatment. The effects of operating pressure and concentrated water reflux on volume and TDS of
the water produced by secondary reverse osmosis were experimentally studied, as well as the
boron removal effect of the primary/secondary reverse osmosis process. The results show that
the value of TDS of the produced water ranges from 6 - 10.5 mg/L when the operating pressure
ranges from 0.89 - 1.05 MPa, which meets the requirement of drinking water quality for warships.
The volume of concentrated water reflux has little influence on the volume and TDS of the pro-
duced water. When the inlet water temperature ranges from 15°C - 25°C, the boron content of the
primary reverse osmosis outlet ranges from 0.6 - 0.9 mg/L, which cannot satisfy the upper limit of
0.5 mg/L stipulated in the Standards for Drinking Water Quality (GB 5749-2006); the boron content
of the secondary reverse osmosis outlet ranges from 0.2 - 0.4 mg/L, which meets the requirement.
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FEMARPOK T, —HRBEEKIRAE B R W ## i & B £ (Total Dissolved Solids, TDS) 35,000
mg/L7EH KK ANTDSEE200~700 mg/LEIRAIK, (EKEFEZTE K=K TDS<E i AR K
KRER. 3 H—FREFBKRUEBEFBIPRIBRAE, RA—RRBSEBKRNEBHKEE
—ERRBERR, R EN R KT SR RBBRELE . R T IR A FRK B R =
FRIBFEFKMBERFKTDSHEM, UR—RRBE. —HRBENBHRR. SRRH: SBEE
717#£0.89~1.05 MPalit, — % RBFEHIF=/KTDSTE6~10.5 mg/LZ 7, ¥ EMARKEAER. WAKERE
SRR KRB TDSE MR /N . S KIEEIEL15C~25CH, —&REBBHKINTHEEX0.6~0.9 mg/L,

IR (CEFERAKPARAE) (GB 5749-2006)HE /0.5 mg/LIRME; —HRIBEHKNIESERE
0.2~0.4 mg/L, #RKHAER.
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BB BT R EEE BN 2> B ROR, Tzt TR BE2h . KRl M OREE .
H BTAE MR L SRR R K — R R ] BB R AN AR A 1], T RIB IE BORAE B KR AL AL BE vh R B R 7
fItERE. 2000 SFEIF4G, IZERKRUBARBDAEMM LRGN, FZRM RS ERRK,
TR R TCIEIE B AR e, T ZAF PR G . B % B AR R B EOR IR, BTty
TR e . fERPRMERETT T, (ER TR BOR . S5 22 Mg i AP S A m SR Y 1 F] 1A
FRUE A AR B OB R AN B AR, XA OO AN CL28 R iz I AE T 5 25 3 (R K IR A 3
H1[2]. T Humplikt [3]8F7C 1 REWS ELAEZ 5K B EE 70 B AR G AP RE, Ik i/ B ph i el AL,
TR T BRI o I R AR AR P PR RE AT DLRRARIE K IR A R A7 AR B R 3R 2 FH (4] BE
B TTVE R BT R, RO ) A0 A0 22 0 £ A W AR AT ) R GE A BRI, 35 A F e AR AL
FEEWAGEIZHE R[S, BARBERIREKTRIMINME . L. AW, HREE
RPER P L5y B T AR AL BB R, 0 M7l Ca™' s Mg™'s SO FIERFE—ME . it
b, t T SBIE TCIABU R K ) CO, A, 1X 88 CO, i IRAL A 5k 7 /K M5 22 IR K AL HCO™
KRG RBERWK pH BUK, FIMEAERAEMIE. M T RRTAK, REERWAKTAAE
PARAHFE: 1) TDS fifs 2) pH FUSBREERAR, KM R 95MME: 3) SRERIK, Kb ca®. Mg®'. SOi
EFEEEMIC 4) HRBERKBAEEX B ECRAME . Bk, BOREATHE DA, FER
FUIEGIR S AR R, IAFAE AR . TR A KA S iz H S, shohh T
P AN LS8 38 i KA T R 26 BRI AR B G TTRIK S bR, JRIFIAG 5B 1B AL KA A A
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K& GB5749-2006 (ATERA/K TAERRHEY o BT RBFBRMMKIER . B ILC, ANEEKIR
H, FREX AT AP G AEE, AP SR K TDS e, —RESRMM S2i#E K TDS 1E
150 mg/L LA R[6] AW TN — G IRIBIE HE KR A 58 B I KT T /KSR, 35020 7K B HR B 1 45 5 L 22
1, i817Z%: #/K TDS N 35000 mg/L, HF/KIRE 15°C, #AEE 1 5.0 MPa.

Table 1. Analyses of water quality of primary reverse osmosis water production

= 1. —RREIEZKKRDH

WA H LS 1A HRBE AETER K DR
K =K
fi mg/L 0.025 At 0.1
| mg/L 0.016 A 1
AN mg/L 0.035 A H 0.07
Tl mg/L 4.14 0.939 0.5
] mg/L 9830 120 200
5 mg/L 368 0.193 /
B mg/L 1170 0.444 /
A mg/L 1.02 E N oA 1
TR Eh 4 mg/L 0.2 Eon 10
A mg/L 19,700 203 250
i 1 mg/L 2860 1.9 250
TR AR S ] A mg/L 35,000 417 1000
S EE (LA CaCO5 1) mg/L 6670 3.6 450
FEEE(CODW %, LL O, 71) mg/L 7.61 1.15 3
[ENEACEE N KA At th <5 15
VAR o JEE (PR B2 LA ) NTU A <0.5 1
SURIR 0 0 TSR Rk
PIHR 7T .42 & At 7
pH 7.6 6.7 6.5~8.5
A mg/L 0.05 A H 0.5

Wi LA R, —HRIBIE KIS B 0.939 mg/L, #BE T (CAETERAK RAERRHE) ME
(1] 0.5 mg/L [R{E; TDS MI&EN 417 mg/L, ML TN RZEH K TDS < 150 mg/L I EK 6], It
SMAES TS &N 120 mg/L, SALENR NIRN BV, AKAEIBRH . 2SR RBP4 .
A MBS 1% S B ARO[ 7], AN B BN 2 8 I £ s L ) XURE (8], GIB1335-92 (KA AL BE IR
FHKE 4k DAERRUEY BE DK AN & B AE 20~100 mg/L, KT ER— 0B i KT —90%
BIERE A
2. M RERAERIE

AARI S BN RIS HIRFEA TS E, WAt KEN 15 m’/d, #it7F#/K TDS < 150 mg/L, PL—%%
FOBERAKAE N, RIEEBEN TZRELE 1. L SEERRIT:

1) /K TDS: <500 mg/L;

2) FKIEEE: 0°C~40C;

3) FekE: 15mY/d;
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4) 777K TDS: <150 mg/L;

5) BiEhE. >98%;
6) [ 74%~89%:;
7) BEZEHY. P R BW30-4040 fii,
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Figure 1. Process flow of the secondary reverse osmosis device
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TR FrEsKiieE &2k TDS B84 SRR 44 R 06 2 B 2R .
3. REERES O
3.1. BMEEAXN—H=KER TDS BIF M

T I 53 %5 B K E 71 575K R TDS Z A [I56 &, RIG(RIERE K & 3K TDS. #EK
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Figure 2. The change of the outlet flow and apparent recovery rate of the secondary water production affected by the oper-

ating pressure

B 2. ZRRREMBM N RFERIEE DL X SR

2 A AE e R AEE I8 0.89~1.05 MPa I, 77K

=N

H He

5% 10.8~12.2 L/min, 11 H3AEE 1
HroKREZ SR EA S, PKEIRMECRLE 74%~89%, i W@ 5 EREE 17, A LT B A 5
80%I1I AT R EE K [9] [10]0
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T B ERBAEWRKEIR T2, N RBE RS2 dKm &K B R f, X2
SB35 B R SE PR B, BT UGS I 5% B ) S B RS 3R 2K TR B e o S bR lEl e 3 mh 2 7= 7K i
TR R AAK B R R A . = 7K R SE B [FNCR B R VE R 1B R ILIE 3.
K3 TRUE e #AE R 57K & TR 2 TEA O, (B = B % 1 5L bRl AE 52%~62% 2 (8] . HH
THE T 3 BRI, PR B S () S P A R R 17%~21%, AR TP QB3 U RIE 1 30% 11 5%
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Figure 3. Relationship between the changes of the outlet flow and actual recovery rate of the secondary water production af-
fected by the operating pressure

B 3. ZRAKREMEFRERFERIEE DRIEL X R

H 4 WTLAE H: H#84E K 7179 0.89~1.05 MPa I, 777K TDS f£ 6~10.5 mg/L Z [d], fi T~ GB 5749-2006
fbrdE, BT EMKT 50 mg/L, {ERMRHAKRASEWRE, [F#AER IR 77K TDS 3 4E
ABFM . 72K TDS IR R R LE 95.5%~97.5% 2 1], i8] 2] [ 3535 (B I £ 208 2 B s
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Figure 4. Relationship between the changes of the TDS and apparent desalinating rate of the secondary water production af-
fected by the operating pressure
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TRRIBIERE B FOAEROK R T2, BN BB G7K TDS Z&#f/K TDS Ak /K [Hli
TDS iR A . MREEdEH /K TDS BESE, ECAIEKAR. 2K TDS. F/KitE. /K TDS. /K[
TSR AR T DR RN OB IE IR SEBR TDS, HHAEESRIRKSE R LK 5. HE S aTbEH:
TR B FER LR K TDS 1E 430~785 mg/L,  SLFRIIE Eh#FAE 98.5%~98.8%  [H], W =i T2 MMt Hh %
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Figure 5. Relationship between the changes of the TDS and actual desalting rate of the secondary water production affected
by the operating pressure

& 5. Z2R/ 7k TDS FSEPRAGELRFEIRIEE DB KR

FH T PS8 FH A B v B IE R B R, R DU B A R B I R B S bR
R AR, RS R I R A 2h 2%
3.2. RAKEIFREMN LK KER TDS KN

RIS PR UESE K R 7K TDS /KRR K 7 v e 8, BH9E 1 RIBE 5% B oK Bl & 7=
JKILEAFN TDS R R, AL R IE 6. Hrr, /KA EN 14 L/min, 37K TDS 24 239 mg/L, i#K
R 25.4°C, #A1EE SN 1.0 MPa.
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Figure 6. Relationship between the changes of the outlet flow and TDS affected by the concentrated water reflux flow
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HIE 6 v LA H: FEHKFEAZEIT, WK R R 3G i 7= K i g A 3, 1X 2 Rk
KBNS N T BOE N RIBE BRI ER I, AHFE AR R T SEAKR B I, KRR
7 11.6~11.9 L/min. #/K B R INEER= K TDS tHBSA BN, 1% 2 KRR K B3 2 3 S 80E N %
BIE IR A /K B TDS 800, WF=/K TDS tEE2 #0, 77K TDS W EEVEE A 8~10 mg/L. &KL,
WK BIE LR P2 7K B AT 7K TDS FIEEMAR /N, I HL 7K TDS — Bl LA 753 Hi7K TDS < 150 mg/L
(I BRAE -

3.3. REBERERMBRIH

MNATEE H 2 B B RIR T $3N 1~3 mg B, Bt R A E KT IA R ORCR TR, (HAR IR & 5%
B gl At SRR VS RS S EE B PR T PRI, MOKUR Hh EREI 2 A A ZE () . 3R GB 5749-2006
FERS & By 0.5 mg/Ls

H T K Al 5 DL R 7 T T RAFAE, 70 7 EARDN, T AV ffr, fEHRA 5iEid fs iE ik
3 B KA o 25X I Bk 2 B M AR R [12] 0 BRI E T AN FITRLEE T — 2 — B A B B RCR
R 2.
Table 2. Changes of boron content in reverse osmosis production water affected by the inlet temperature
2. REBEFKDIE EREFHNEERNTL

7K TDS KR HAKMIEE —%ROKESH —ZHROPKIMIEE “HROKEH  —HROKMEGE

(mg/L) (C) (mg/L) (MPa) (mg/L) (MPa) (mg/L)
10.3 0.4 0.3
15.4 0.6 0.2
30,000 3.6 4.5 1.0
21.2 0.9 0.4
26.1 0.9 0.4

f#e 2 W LLE H: BEERE TR, I B B P K& 8 BT M KIRE N 15°C LRI,
— R IBEFKI S BAET 0.5 mg/L, {H224KEREN 15CLLER, —RBE KIS EN
0.6~0.9 mg/L, #id T GB 5749-2006 Mi7E M 0.5 mg/L HIMR{E. ML 10.3°C~26.1CH, I BiEHR
FEE AR B 5 (7= 7K 5 2 A2 AE 0.2~0.4 mg/L IS LA, 3 /& GB 5749-2006 EE3K o it LAAE S AR AR A 7 T
WA — 2] B FE WG KR T K AT Z R IRBERFE LB, A BRAT AR 7K 22 4245 B R
4. &g

i EIRRISHE T, 19 EILL T 4R

1) ZRIIBIERE RS B (AR R R KR R IEA SRR R, JEHE 714 0.89~1.05 MPa i,
FEIKI 10.8~12.2 L/min (15.55~17.57 m*/d); 4% #il#/E & JI7E 0.96 MPa LA_E I, 35 B [ [E 5 KT 80%:
M3EE S04 0.89~1.05 MPa I, 7#7K TDS 7F 6~10.5 mg/L Z[f], 443 7K EMKT 50 mg/L.

2) T RIBEIRIE ARG B RK BN PR KR A TDS MIsEmaE N, WK AL SR AE 3~7 L/min [
JEER, PKREAE 11~13.5 L/min (15.84~19.44 m’/d), 777K TDS {#F-7E 8~9.5 mg/L, 77 /K/KE KK 5
JRWIFE R,

3) 1EBRIN b, — R RIBIE KRN BT B~ K A BRI 2 GBS5749-2006 HIEER, il B ) 2%
BREFEFEMIRK, 7EIREEAN 15 CUL R, —HRBEKMEEMICT 0.5 mg/L, {HX4HEEE 15CLL B,
— R RBIEF KIS =N 0.6~0.9 mg/L, #id T CEFUHKPAERRE) MER 0.5 mg/L RME. &t~
BB FE IR EL G 7K & ERe i 2 CRIEIROHK TAEARAE) ©
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