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MOmMAERREERANTIR. SREY, £—CBRETRPY M EMAF & Freundlich
*FR:Q, =K, C)/". SEAERR(K)MBKBH & (Q,) B KERE, Hh5E KB YA I
KT AR, AR EMAN SRR BNBERRHER T OMW, 870853 x5
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JEHEAGEERESER RN YE, LM EY SR, Hoh 5820 R i R M
VX —FELRE. FMXBRREYEEWHRH, FHEESBHE 1L ZMRYEA RS
(BEFRZ%,1987). MR EMLL % 5, MR T REBEA BN, A XBURLY o ik
W&k AE F , Meyers %5 (1971, 1973, 1978) . Schwarzenbach % (1981) . Burns 2 (1980, 1983).,
Hiraizumi %% (1979) . Farrington (1978) . Olsen % (1982) . Gearing % (1980) . Mackay % (1988)
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®1 XBRREARFRESEDT SR (%)

Tab.1 Relative contents of the Hekou and Donging crude oils fractionation (%)

WoO OE W A OB K M
B (T) LiDS i Bing BE(C) HASE Bing
50—70 0.65 0.65 60—73 0.42 0.42
70—78 0.58 1.23 73—80 0.57 0.99
80—90 0.52 1.75 80—90 0.74 1.73
90—100 0.58 2.33 90—100 0.52 2.25
100—120 1.33 3.66 100—120 0.73 2.98
120—140 2.08 5.74 120—140 1.27 4.24
140—160 1.32 7.06 140—160 1.39 5.64
160—180 1.88 8.94
180—200 1.99 10.93
200—210 1.56 12.49

1.3.1 BAMEBKMH S CEERERN 0 WEKEHERE Y2, BERTFYE, B
30dm’ T BBH G, 0 A 35g A B IR SR O R, S By Lk 40 B o) T BE AR, A HgCl,
3g, FHE, PiPE 1.5h, BB 2d J5, A MBAMIE K BT BRI, AT &A1
AR K BR A WA A Th b, i BAE IR A 2Lk v, SURTT LA 2o, 5 B K BRI SLAH .
T 3C AR TR A3 O R R B A H R BR A T D R AR B .
1.3.2 MWAMARKORE  FEFMK, BRI HeCl,.
133 AFEHBEREMEEK  BEFTLEE, 5 LR PR RN, A R
A HliE,
1.4 WWEHE

A, HERAENeEENE. $F, A HD 2R 8 FEFITNE.
1.5 XBHE

£ SAdm’ BB P A 4dm® WA AKER, WEmERE, WA 20g BFY, 5, %
BIOFEER . ENEBME, BOSoHEERY, REFEBRNEMNSE, TR EFEY MK
W BB, $ 0 5 Be AT T R R EREE K, B AR B IR W TE AR AR BE T A D AR B
) IR D B 7 2 R Bt £R W E
2 HRFTE
2.1 HiEWMIL

HEMOBRYRNWMOMAEHNERRHE~TE IME?2, —&HRCEH
(Hiraizumi et al, 1979; Farrington, 1978) , B ¥ % 42 25 9 K B 7T A Freundlich % 18 % Fft
NRER: 0,=K,-C” (1)
K, Q,, C, 5 B3R 45 i FURL A b 3w 9 R B B AK P VR B KR n RESHE B, B
1B 2EM, Q5 CZHEAEFRFHERXE, W1/ n=1,X—%R5 Meyers &
(1978) . Means % (1980) . Schwarzenbach % (1981) IFF R &R —. R () TE K.

g, =kK-C, 2

A, QN FRY LM S B KASTEER. REXQREM KEFTE 2L AEK2T
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DAE Y, K {8 BE I8 B2 0 BE B9 38 0 T A, 3 B 55 0B R AR B AT 2R
Means % (1980) % %t — S5 H ALY HY K E#ATHIF, WA MER K EEBEE 101—
11552 [ REZHEHREARD., HFANXHEASTRYHEIRSREX, DA
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Fig.1 Adsorbance isothermal of Dongying Oil Fg.2 Adsorbance isothermal of Hekou Oil
2 AREGTHOMMFERSERY (cm’ / g)
Tab.2 Distribution coefficients (cm’ / g) of Hekou and Dongying Crude Oils under
the vanous conditions
RE E= L) A H * -1 -
(c) Ji:d <0.032mm >0.032mm <0.032mm >0.032mm
0 314 177 674 275
10 232 135 391 210
5
20 144 80 203 136
30 39 14 57 62
0 284 160 618 210
1o 10 206 124 363 194
20 126 72 188 124
30 34 11 52 52
0 225 133 490 210
10 169 97 316 155
20
20 101 57 164 100
30 26 4.6 42 34
0 189 114 422 180
30 10 139 82 276 134
20 83 46 150 84
30 20 0.76 36 21

BRERN0.15% A, K, = 101, AHBE BN 2.28% BF, K, = 1 155, T Meyers % (1971) #E
UK 20 St B POHLI A ORI M B B9 45 R W 5 Means % (1980) MR, i i AT BE 55
FH B EA X,
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2.2 MRk
RIS, AT LU F R Ink, = %’ + B, R, AENW B T K R

BE (°K)s R, B HHH HAHM BAEE InK 1 1/ TEVASMTRAR. 07 113000 25 25 v o %
BB RNE 3. AR TUE, R RL, RIRAFITRE. AAHY L ERT LSS &
T 0 35 40y %o o 9 52 B Vi 2 R R, 3K e R B 58 B AHZNT 41KT / mol (Meyers et al, 1971,
1973). H#E/KELE S 30, K2 > 0.032mm B, 0] OVMAIAHN — 80kT / mol. M 2 Haf A
B K ARG, 200 B0RIY & R B AR 1 8559, A i TR A4 A1 {0l e LAMR Y, T BE IR PR AE AL 2
B, BERRE TR M IE 20 e A0 A9 L5 (Meyers er al, 1971, 1973), AHIE4Y Bk — 8.8kJ /
mol 1 — 38.1kJ / mol, A LI LERERANTFHAE Z B, 5 — 8.6— — 34kJ / mol.

2.3 HiA O BF 3 i A B KR B R

F3 AOBARERBRMR QD"
Tab.3 Adsorption heat of Hekou and Dongying Crude oils

# 1 0 AH (kJ/mol) ZREMAH(KI/mol)

B <0.032mm >0.032mm <0.032mm >0.032mm
0 -14 —11 —-14 -12
10 —-15 ~16 -10 -13
20 —-15 -15 —-8.6 -14
30 —15 —-80 -13 -34

1) AH-—80k/moltt 3o S48, 13045 RETE M.

ARBAZEFN O R RYEARRRE. B2 EL4T, 0HE 0. 45 60 % M 35 572 i
LA 3FE 4, MHMEE (C)MBERREE ()5 TFE 4. 3t 0, SH TCK) #4F
B354, XRKXN:Q, =B+ B+ T+ B,* S. X BENFH.ITHS5 .

EREREZN, BREFYSHHMBRREHE5EKRE. SEEAX, mX4THQ MEE

1B £h B 1 KT B A
Meyers % (1978) T 25C NaCl ¥ (30g / kg) ', SR ¥E & 2 100mg / dm, IMASERRA
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E 2
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Fig.4 Temperal changes in the absorbed amount

Fig.3 Temperal changes in the absorbed amount
of dispered Dongying Oil

of dispered Hekou Oil
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£4 TEEHTAOBRMEEHOBARMR"
Tab.4 Maximum absorption amount ((Q,} of the Hekou and Dongying Crude Oils

under the various conditions

o) 5] B W FY =1 B M
wHE | # <0.032mm >0.032mm <0.032mm >0.032mm
(C) B Co On Co On Co On Co On
(mg/dm® (107} | (mg/dm’y (107 | (mg/dm’) (107 | (mg/dm>) (107
0 6.91 0.85 6.94 0.65 8.69 1.34 8.72 1.01
10 5.57 0.60 5.54 0.46 7.26 0.96 7.23 0.74
3 20 4.14 0.34 4.17 0.24 573 0.57 5.76 0.47
30 3.02 0.089 3.00 0.03 4.32 0.18 430 0.18
0 7.89 0.84 793 0.63 9.15 1.30 9.20 0.94
10 578 0.59 578 0.44 7.29 0.95 7.29 0.72
10 20 438 0.34 4.38 028 578 0.56 5.78 0.45
30 3.02 0.089 3.00 0.03 432 0.18 4.30 0.18
0 7.88 0.84 7.93 0.63 9.15 1.30 9.20 0.94
10 6.42 0.58 5.46 043 7.55 0.93 7.60 0.67
2 20 491 0.33 4.96 0.22 5.91 0.54 5.96 0.40
30 3.51 0.082 3.54 0.016 438 0.15 4.40 0.13
0 8.49 0.82 8.45 0.62 9.40 1.28 9.36 0.09
10 7.06 0.58 7.09 0.41 773 0.90 7.6 0.62
3 20 5.55 0.33 5.54 0.21 5.96 0.51 5.96 0.35
30 4.03 0.07 3.99 0.003 4.20 0.13 4.17 0.08

1) Edm* K FMASgBZY

£5 X+ BHYHE
Tab.5 The B values for equation (4)

) o h x -
i <0.032mm >0.032mm <0.032mm >0.032mm
B 1.0484 1.0267 2.0150 2.3246
;3 —7.2596x107* —1.3547%107° -2.5295%107° —47321x107°
B —25133x107° ~2.0448x107 -3.837x107° —2.6983x107

0.74—1.41mg / g, X WM C,,—C, K 0.83—1.14mg / g, ¥ T 52 HEBEH 0.39mg / g,
BN 090mg / g. Gearing % (1980) 7£ 1 B 4= 7 (MERL) D) 2045 SR8 A5 BB AZ B K
W& N 3.6—12mg / g, FHEN 032—1.6mg/ g. XEER, ATFLREGA—H, TE
EEH#ITHE, BEALTRHERE5ZERR FEE T,

247t e AL TE mg / dm—g / dm FE B PI B, Gearing % (1980) 1A 7k fh b & H BRI Y
WA /NERL, FTRE R R AE S BRI BER . 4 S50 70 24 A B, 4 OB B AT [T,
KB TFRERS, BESEE LREN, AEH SR, B Q. M KBUAITH
- fhay B SBORL 7 AT R G B 4B 0L
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2.4 RBFHxHMARMEEHE
B2 (Susp) 5F7K H# (Oil) Fy B Bt , 7T A Ol + Susp < Oil + Susp RFE %, F A %I (1)

a0, _ dg,
ﬁﬁ%ﬁ?fﬂﬂ@'ﬂﬁﬁﬁ$(—§)ﬂi&{u%m%:d—g = K.~ 0) @
Sk, (0,) A VRt Hh Bk R (0) TREE] ¢ ERGURL 4 34 B 8
HH. B Q)RBE Q= 0,(1 - ) (FH @

ME 3 FE 4 0T LLE B, B O R IF Y 5T i 0 B 3 S R EU R IR B9, 7E 20min A2 A BY

ARE) T4, RIELIREER, R A 69 B M S PO AT R34, KRN
k= B,+ ™ "(FH) (5)

X, THEE (CK). B, BAEEH HEDHA: B, ANz — 2.161, KEMN - 60.72;
B, W O MR - 639.3, REMA — 1539.1, REFERX @), G)HARE ofH.
3 N

W KMBERY MR (K) 5MAEX, BB AT FH RN, HE5&F
YRR IRV KEREE A K. BIR Y O O A AR E A R R E R W, R
HA R — 8.6— — 34kJ / mol. B FRHy xf M iy W B o R AR, SR B 5 K T PR B 9 B (] 24 O

20min.

8 * x W
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STUDY OF CRUDE OIL PURIFICATION IN SHALLOW SEA AREAS
—THE ADSORPTION OF DISPERSED CRUDE OLL BY
SUSPENDED MATERIAL

HAO En-liang ZHU Chen—jian LI Tie SHI Xiao—yong
YU Sheng—rui WANG Yong—chen SHI Zhi-li SUN Bing—yi
(Department of Marine Chemisiry, Ocean University of Qingdao, Qingdao, 266003)

Abstract In order to understand the adsorptive purification process by the suspended material to
deal with oil spill events in seawater, indoor simulation experiments using the suspened sediment of
the Huanghe River Estuary and Hekou and Dongying Crude Oils in different salinities and
temperatures of seawater were conducted during March—July, 1989. The results are as follows.

1. The adsorption of the oil by suspended material in certain temperature is in accordance with
the Freundlich empirical equation: Q, = K, * C!’". On the basis of the experimental data, a liner
relationship exists between @, and C,, i.e. 1/n = 1. Hence, the above equation can be written as Q,
=K, + C, Here, Q, is the content of the oil adsorbed by the suspended material and C, is the
concentration of the oil in the water during adsorption equilibrium. The distribution coefficient (X,)
decreases if salinity and temperature of water increase, and if ‘ the granularity of the suspended
material increases.

2. The adsorption by the suspended material of the Huanghe River FEstuary belongs to physical
adsorption. The adsorptive heat can be calculated from the equation: Ink, = %{+ B, where AH is the
adsorptive heat, 7{°K) is the temperature of the adsomption, and R, B are constants. AH and B can
be calculted from the regression of InK, and 1/ 7, the result shows that AH — 8.6— — 34kJ / mol.

3. The maximum adsorption amount can be written as: Q, = B, + B * T+ B,* S, here, B is a

constant. The result shows that Q, decreases if the salinity and temperature of the water increases.
d
4. The dynamics can be expressed as: Oil + Susp?]é Oil » Susp. The adsorptive rate (—d-Qt—l) can

be written approximately as: % =KQ,, — @), or Q,= Q,(1 — e ¥)(FH) the amount of oil adsorption
by the particles measured at f, Here, Q, and k is the adsorptive rate coefficient. It is shown that the
adsorption of the dispersed crude oil by suspended material is rapid and the equilibrium time is
around 20 minutes; this process will be more rapid when temperature rises.

Key words Oil pollution in ocean Suspended material Adsormption of oil Distribution
coefficient

Subject classification number X55



