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Sk R MRR R R E AR A %

IE, AR, k%EL 5 K, 2N, B

(1 P e A S PR e bty PU)ITHERZ 6250005 2 PHRESCHE KEIMEARLA 5 TP, AR 611756)

W OE: DWREMX AR RME Y ——— AR O A IR S, Sl iR PRI TR AR AR L
Yy JTT A 50, rP % B % e (SDZ) AN EUAR Je 25 (FFC) RS S P . 455260 : Freundlich 45 I WZ BHSIAY RE B 4 40L& A W13
gt YRR R RO XA R RS, BRAGR A TR R AR B R TAN, HAE R B AT R B
SR TSRS FF AL T e 5 K RERE R AL ) ST e PR R A 2 1 W B 2 1t 50 (K VA o 35 M 25 5 (P>0.05) s AIRIRA: M ik S5
LA B B TR U AE 2209 K ik A B 225 5(P<0.05); SDZ(K§=0.02 ~ 0.45)F1 FFC(K¢=0.09 ~ 0.40)7E 428, + i B 414555
B Tt R E 0 )5, AW A @+ % SDZ F FFC #Y Ke B0 425 0.60 fi5 ~ 452.00 fi5H01 3.15 /% ~278.89 1%, 1fif
AR TRLA: 5 e el R 48 €6, SDZ Al FFC 1Y Ke BARIRA= W83 Bt i 3.95 £ ~ 120.00 £5H1 2.19 £% ~ 9.10 1%, i i A= My ma ekt R 526
+-X} SDZ Fl FFC i K =i AW BAARE —0.61 5 ~26.45 f5H1 —0.75 15 ~ 0.40 fi5, I UL, (RIRAEW A 5464 kil R
42 B BE BT B IR , T g V2 ) T e A 0 R it B 8 € - rp ok R H EL R (W B BE . % SDZ 1 FFC 1 K L 28 HH BB
R, I RREIR /3 3Tk 61.00%. 75.00%.

KR LW BN FORBE; WK fat

FESES: X53 XHERPRERD: A

Thermodynamic Study on Adsorption of Weakly Hydrophobic Antibiotics in Biochar-

amended Purple Soils

WANG Songtao', ZHENG Shijie?, ZHU Yanhong?, GAO Hui?, WANG Chuan', HE Yang®"

(1 Sichuan Ya’an Ecological and Environmental Monitoring Center Station, Ya’an, Sichuan 625000, China; 2 School of
Environmental Science and Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: In this study, calcareous purple soil, one of the most widely distributed dryland soils in southwest China, was selected, batch
equilibrium experiments were used, in which 4 kinds of biochars were prepared, including rape and rice straw biochars at low and high
temperatures, and then the effectiveness and mechanism of biochar adsorption of sulfadiazine (SDZ) and florfenicol (FFC) in soils were
determined and compared. The results showed that Freundlich isothermal adsorption model could better fit the adsorption isotherms of
antibiotics under all treatments. Except for the low-temperature biochar, the other treatments were spontaneous physical adsorption
processes. The sorption capacity constants (Kr) for SDZ and FFC were not significantly different between of rape and rice straw biochars,
but significantly different between low-temperature and high-temperature biochars (P<0.05). And SDZ (K=0.02-0.45) and FFC
(K¥=0.09-0.40) were both weakly adsorbed in soil. After biochar was applied to purple soil, K for SDZ and FFC of biochars improved
purple soils were 0.60—452.00 times and 3.15-278.89 times higher than those of purple soil, K¢ for SDZ and FFC of low-temperature
biochar improved purple soils were 3.95-120.00 times and 2.19-9.10 times higher than those of low-temperature biochar, and Ky for
SDZ and FFC of high-temperature biochar improved purple soils were —0.61-26.45 times and —0.75-0.40 times higher than those of
high-temperature biochar. In conclusion, a superimposed effect was found in the adsorption performance of low-temperature biochar and
purple soil for the tested antibiotics, which was not observed for high-temperature biochar, even Ky for SDZ and FFC showed a
decreasing tendency, with the maximum decrease up to 61.00% and 75.00%, respectively.

Key words: Biochar; Sulfadiazine (SDZ); Florfenicol (FFC); Adsorption; Purple soil
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ERNEAE SR PEDTAE ZAE LR R 24 R 4R 0 IR B AR ) 2 631

ARk, U AR —Fh S Y R HAE B A
Jo P )k A 24 i A A2 ok i HaAh T, #)
2030 4FERBUA FIHFE AT 3 50 1R bt
A R DVEWEEAL, Hb et i 55y 05 Y do ™ EE I A
WFEZ—, PEERSEM ngkg & pgkg AEF 14
IRV A AT B i) R E L — B
AU S BRSSP, 2 X I A RIS AR AR
W, AR B AR B K FEAE 0.10 ~ 908.00 pg/kg!®s
it Ji W 1 (SDZ) A JE (FFC) % A Sl 6 [ 1 FH i 5
A A AT = 0 P AR S K B AR R, FERME 1
e IR I TR e M ELEAE MR A, B B Rk
k5 R 5 B AL R R R SOR R T 1 5 - e ik &
AW BRI, R T B RS KR IR, A
MR T X IR AE RIS P R A S A A
B, WAEARIEE S R R A WA

R TN, AR B BRI T B
Wi Ty, R TR AL BRES AR LL e TE AT SRy T e d
BEEE L (R A5 AT, Tang SRR ) 2P

RIS B, FES N D A 4 I e A R R
Jei, LRSS FRC Ao R 5433l 23.15 mg/kg
PETI 2 84.75 mg/kg 5 70.92 mg/kg, {H A= ¥ 5 ¢ F)
ORISR S X LR A 28 B s, SRk
FU A [7) A 49y S5 7 8 (2 = P B A A RO S AL
#l, AWFFELL SDZ Hl FFC Ny HARisyed, TR,
I B L KA ) T i B B R X PR R
(R R 20T, DPA AR 200 e 8 2B 3 e e R+
W B A: 2 P PR R, DA S 4 i A TS et
HSR LB LR

1 HREH%®

1.1 RXF RS

HE IR B iz %5 IE (sulfadiazine, SDZ). e %
(florfenicol, FFC), 4liJ¥>98.00%, 435I A BIHLT
BHEA RA TS B AR, SEAMER LR 1. i€
B K R M4l 7K 2§ (UPHU-IV-90T, Y 1| {3 68 2 )
FoA7 BR S 7)) il £ B 4l K (>18.25 MQ-cm).

%1 SDZ. FFC ByEAK MR
Table 1 Basic properties of tested SDZ and FFC

ZFK WO s s x| 1gK oy pK, FK R A BE (mg/L)
Z N o o
il e e C1oH1oN4O,S, .V pKo1=2.00,
S N 0.81 — 77.00
(SDZ) 250.28 H pKa2=6.48
NH,
[¢]
\\/
i > \
e CroHiCLINOS, °  -0.04 pK.=9.00 1 320.00

(FFC) 358.21

o F\\=
a ;
N
A
I OH

RIS ALEE . W K (FA224, g I JRAX
R RA R, AR A EEIR A (SH2-A, Liff
WE AR A R A T . K% & AR TH(PH3-3E,
AR AR A A BR A F]) L B0 HL(TD-420
HARH O, 1) ERHMUESA RA R . SRR
M IE{L(HPLC, LC-2030 Plus, HAEHA A,
1.2 it

PR R SR A U R B R A
B AEAEAAR 2R TSI 2.00 mm §i
BEMAE . BRI ERT: pH N 8.29, H LK
TN 1743 ghkg, AN 0.83 glkg, HEFA
ikt hy 10.90 cmol/kg, HEEREATY 19.30 mY/g, /R
SCIOGAT SRS 23X (Mastersizer 2000, )i &
HIRIAR ST L 11.10%, Kiki 49.75%. #PK7 39.16%.
1.3 ARG & R R

A BT R SR ) BSCHRT Ji P I DX T SR A

FFRAYFUKFEREFFRDZEVE . ARKT, HIBFEHL
TR 2R FH T s A e i 0 o e o 52 R A T o
(fIGIR 300 °C AR 700 C), k3 HAREEE {44
2.00 h, FFERE, DHTH A RSB AL ) oA
IR R W T e (RALY). AR IE/K R A 490 Jo B¢ (RIL)
T IR I S AR W R 5 (RAH) R IR K R A W TR
(RTH). R [R A9k A48 5+ (SR B TG PR oA AE W)
R R 4R 5 1, 4390 RALS, RILS, RAHS, RIHS.
A= W) 5 e ) G 2R 2 BRI B 2 T R A3 SR FH T R 4 A
{Y¥(Elementar Vario EL, Thermo Fisher). 4>Hzl %
10 % LB 43 MrL(BET, 2% 5% ASAP2460)ill5E .
1.4 RIWHE

T T P S IR ST AN ] HERE ST SDZ A
FFC WAL . 20 mIFRE 1.00 g 221, 0.99 g £1
YERD R A 2 IO BHEHT)+0.01g ZE P, 0.99 %
L 4+0.01g ALY TR R RENR LI B 0 E It
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e %57 %

3 10.00 mL ¥ 4 5.00, 10.00, 15.00, 20.00,
25.00 mg/L Y SDZ. FFC i RIFW (I HIRW
0.01 mol/L CaCl, Al 1.00 g/L NaNj), 4 %1
278.15, 298.15, 318.15 K i & F#EEHRY 24 h 2}
BFAT, 224 000 r/min 2.0, B EWERGT 0.22 pum
PTEF JEf5, KA HPLC M SDZ fIl FFC k¥ . %
AL FRYE 3 AT

WA 2 3% A O InertSustain C18(5.00 pm ,
4.60 mmx150.00 mm), Kzl k555 MRS, i shAH
MV ok Ver=75.00 : 25.00, BEREER 20.00 uL, Wi
4 1.00 mL/min, ¥ 30.00 'C, RAMGERLEBE
JBARF: 0.00 ~7.00 min 285N Ry 270.00 nm, 7.00
~10.00 min 4Nk K K 224.00 nm, ll%E SDZ. FFC
(A% B3 B5F 1] 2351 4 3.10 min £ 7.80 min.
1.5 HIERESSH

K H Origin 2021 A2l £ 1 . A=W Bl
AW B B 250, 1 X SDZ Fil FRC 19 450548
F¥4i2 ] Freundlich %57 W fHAAIFU A, Freundlich 45
TR BREASEARLSE TR ) 2 2R R 4, T AR AT
LG5 6, AR T A A 90 I e A B 4R 0 1) 45
TR R (R*=0.7097"); >R GraphPad Prism 8 #if4:
X A= 40 o e W A7 A 3R 1 O o 7 B (K ) iR AT 22
MO AT SR FH W R A 2 8 O] 26 TR R o 3 6 A
AT 2537

Freundlich &5 Jig W BFF 52750 .

0=Kr(Co)"" (0
W B4 ) 22 R 2

AG’= —RTInK,, )
InK= -AH’/RT+AS’/R (3)
Ko=K:/OC (4)

() ~ (@) e Qe Ay MBSV~ 187 s 2 o 5510 28 1 174) WO A
MR, me/kg; Ke AWM ERG Co T
I P I SO B, mg/Ls n 9 WRRRE SR AII(E, 3%
IR s AGY R FE AR A [ P AEZE AL, kI/mol;
R WA KL, WM 8.314 J/(molK); T NS¢

TR, Ks Ko LA MUBR S B 37 A0 S50 B 4
L/g; AH? JWe [l #RAOREZE , kI/mol; AS? AW fff it
A, J/(K-mol); OC NAMKS &, gkg.

2 GRS

2.1 EMRE R E &Y R BN R

VR TTEA N . RmBULE 2. C. 07T
FIRAY ) FE Sy, BEE AR TR, BR
RIH 4b, HAeAYFKE C TR et £V
W R T RE S kb, RA AT RI Y C THE &
M2 2.07%, {3 RAL fil RIL, RAH il RIH /Y C
JEESEN S 7.81%., 17.22%, Uil RA It
RI # 5tk RIL B 18.40% L F+%] RIH iy
30.20%, H RIL. RIH AR5 55 T RAL, RAH,
U, RIH ) CooE & mFEILaTse 2 T R &4
FLZR ARSI, O, HoLE S FRFRES 4
Wy I e 4 4 R R s 5 A 44 5P H/C L Oo/C A
(N+O)/C 53 AFRAEA W BT 5 Btk . oK PRI 1
(BRI 57 B v g, SR K PR AR MBI, 95 &
PESETHAT By A ) 5 e e 100 T B 22 1y i A
TR Y H/C . O/C FI(N+O)/C Fifi HAfi# 15 BE T i i
REARR, Ud R IR B T v S B AR ) Bk O A MR T
{E SRR PE R AR, [, RAL Al RAH A H/C 5
RIL #1 RIH A3, {HH O/C F(N+0)/C HMLT RIL
A1 RIH, 6B SRAS AR ) ok 5 /K R RS F A 40 I i
(55 B PEJEAR — 3, R SERS FE A= 0 Jo A 1) S5 7K
W T KRR ALY B, bR m AT = ml e
TAYER, AR AR R SR Y ki D)
FAeIf B m i S5 A TE R, RAH, RIH
A& T RAL, RIL, 60 BA k33— 6
J&, A R TR SRR TR X5 Ahmad
ZEI2ERFE 300, 700 °C AR BRS FEAIAE AL T2 A4 W) it
HEFRI TR R S5 —3. L, SRR R
TRAH LK RE RS FF A= 9 2 e AT AR 5 A, IR

R2 EMBREEYBRATRAMLRER

Table 2 Elemental compositions and specific surface areas of raw materials and their biochars

BES C 0 N KAy BET L& iR
(%) (%) (%) (%) (m*/g)

RA 39.56 £ 0.11 47.43 +0.05 5.36 +£0.07 1.24 +£0.02 - 2.80+£0.05
RAL 52.10£0.21 30.59 +£0.08 3.64 +0.05 1.26 £0.05 8.60 3.39+0.15
RAH 58.94 £0.17 21.93 +£0.06 1.71 £ 0.00 0.77 £0.01 18.20 258.92 £ 6.60

RI 37.49+0.10 42.93 +0.03 5.17+0.02 1.01 £0.00 - 1.90 = 0.07
RIL 4429 +0.12 28.37 £ 0.06 2.64 +0.06 1.55+0.01 18.40 2.81+0.07
RIH 41.72 £ 0.06 17.47 £0.04 1.41 £0.04 0.82 +£0.02 30.20 171.31 £5.01
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AR, (B EA R R, = iR
HH AR A= 9 o e EL A o g 0 B PR L R IR, (5%
IR AR P A1
2.2 EMRIRXT 3 ER K BT A 2= Y IR B
MR X SDZ Al FEC A4 I i 45 363 éa%iznlz‘l 1.
Kl 2 i, £54 Freundlich % & W% B #5570 (R> =
0.752""), HMIBHNLEE 3. A 1. & 2 figk 3 alj,
RIS AE W) B X SDZ Fl FFC W2 (48R 2k S #U(1/n >
1.00), EiAP R AT SDZ W M AETRLR kS 7,
ULHITEAR SDZ F1 FFC ¥ T, /K435 SDZ 5 FFC
Z I B A S A s ARIR A W T Xt SDZ
FIFFC DU iR A W Eom Xt SDZ M Ak, bl
WV EE 3G, BRI REZ 38, B T

TR

A R 1) 4 v T A A v A ) IO R 55 B 7K
PEHUAE Z R PERE. RAH &R0 R X SDZ
) Kr %2 RAL 2051485 T 42.33 £, 34.67 541 26.92
5, X FFC ) K 8 RAL 438 55 T 121.80 1%, 278.79
1 292.93 4%; RIH 7E4&AS0EE TX SDZ #) K
A RIL 20538 T 179.00 75, 59.50 f5 511 104.40 17,
X} FFC 9 K % RIL 4338& M T 111.25 f% . 364.10
£ 238.70 % . X 5 il Az W o e B K L R AR DA
KR =AM OC, —Jr i, R LR A T
AW BOR A R LB IR 55—, B
D AP R T AR TR R T B K P, 32 T Bk
SYBCAER . Rl A W Tk AL T 2 Y 2k 1k W

Heo MY BURXYS FFC MRMAERA S L B i, %R Y Zeng UMW AE R —3, HIF
(1/n<1.00), BEWAMCESRRAEY) A S FFC ZIIAR SR M, 18 700 "C AR I B A 72 A 4 i 5 o £ R
S AR ELAE FHUY B )G e B A, R B VURRE | ER12 2 VU 20 2= R T U0 2 A W SR 8 ) 3z vy
OS = RAL mRALS & RAH m RAHS @ RIL @ RILS @ RIH @ RIHS
(A)278.15K (B) 298.15K (C)318.15K
8.0 8.0r 20 20¢ 22.0r 22.0r
o 64F 6.4+ E 16} 5 17.6f & 17.6f
< 4.8 4.8t =y 12t < 1321 13.2
E32 32t g 8t £ g8t 8.8t
SETI S 1.6 S at S 44t 44t
00— 0.0 0 ) 00— 0.0
0 51015202530 0 5 1015202530 0 51015202530 0 5 1015202530 0 51015202530 0 5 1015202530
100 1007 . 1607 & 160 2207 2207
= 80 = 80t _@128— 128} 3 176} 176+
<, 60F 60 % 96f 961 < 132t 1327
£ a0t Wt A E et 641 E st 881
S 20t 20t STEY) 32 S 44} 44
0 0 Lo ndm=® Om 0 Q=D-D |,
0 51015202530 0 5 1015202530 005 1015202530 %0 5 1015202530 0 51015202530 0 5 1015202530
C. (mg/L) C. (mg/L) C. (mg/L) C. (mg/L) C. (mg/L) C. (mg/L)
1 iR+ R3S SDZ IR M &8 2%
Fig. 1 Adsorption isotherms of tested materials to SDZ
OS & RAL mRALS = RAH m RAHS @ RIL @ RILS @ RIH @ RIHS
(A)278.15K (B)29815K (C)318.15K
8.0 8.0r 207 30r 30
5 641 6.4¢ 5 16} o 24t 24
= 48 4.8t 5 12t < 18f 18
32 LI £ 8t E 1t ® 12
16 1.6t Sog4t 3 S et 6
00— ol gl 0 )
0 51015202530 0 5 1015202530 0510152025300 5 1015202530 0 51015202530 0 5 1015202530
1207 1207 140 - 1807 1807
o 96r 96 = 127 112» o 1441 1441 ©
S g 72t = 84 84 < 108} 108
E 4 2 48f E 56 56 En 72
Q24 24 S gt 28} Sl 36 36
0 51015202530 0 5 1015202530 0 51015202530 0 5 1015202530 0 51015202530 0 5 1015202530
C, (mg/L) C, (mg/L) C, (mg/L) C, (mg/L) C, (mg/L) C, (mg/L)
2 XA FRC R MR 4%

Fig. 2 Adsorption isotherms of tested materials to SDZ
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# 3 i3t SDZ 1 FFC #Y Freundlich Z58 W} MR8 £ 4
Table 3  Fitting parameters of Freundlich isothermal adsorption model of tested materials to SDZ and FFC
W B A i (K) Shz FFC
Ky 1/n R’ K 1/n R’
SEE L) 278.15 0.02 1.59 0.996" 0.09 1.36 0.743"
298.15 0.45 1.10 0.903" 0.26 1.21 0.980"
318.15 0.26 1.16 1.000" 0.40 1.00 0.958"
RAL 278.15 0.03 1.42 0.854" 0.15 1.11 0.947"
298.15 0.03 1.77 0.965" 0.24 1.20 0.864"
318.15 0.37 1.08 0.958" 0.30 1.03 0.972"
RAH 278.15 1.30 1.21 0.860" 18.42 0.57 0.752"
298.15 1.07 1.82 0.943" 67.15 0.24 0.997"
318.15 10.33 1.91 0.932" 88.18 0.28 0.997"
RIL 278.15 0.01 2.10 0.957" 0.16 1.02 0.813"
298.15 0.02 1.94 0.989" 0.19 1.20 0.803"
318.15 0.25 1.40 0.874" 0.47 1.00 0.974"
RIH 278.15 1.80 1.29 0.908" 17.96 0.69 0.901"
298.15 1.21 1.68 0.844 69.37 0.24 0.996"
318.15 26.35 1.20 0.957" 112.66 0.45 0.805"
RALS 278.15 1.58 0.47 0.967" 0.57 0.77 0.996"
298.15 0.79 0.98 0.952" 1.89 0.66 0.992"
318.15 1.83 0.74 0.949" 2.73 0.70 0.948"
RAHS 278.15 6.70 0.22 0.866" 18.59 0.33 0.836"
298.15 25.91 0.15 0.902" 57.95 0.19 0.980"
318.15 9.25 0.38 0.997" 38.04 0.27 0.709"
RILS 278.15 1.21 0.59 0.818" 0.51 0.80 0.952"
298.15 0.72 0.99 0.809" 1.92 0.64 0.983"
318.15 1.81 0.74 0.966" 1.66 0.70 0.948"
RIHS 278.15 9.06 0.16 0.749" 25.19 0.23 0.960"
298.15 33.21 0.10 0.986™ 68.52 0.18 0.967"
318.15 10.40 0.32 0.901" 28.06 0.30 0.873"

T300 CHI500 CHUAME™ W), 2257PE5 1T (&l 3.

K 4)iR, B SDZ 1F 298.15 K R RIS AL, i
TRBEXT Ky 1520 Y HA I 35 1 25 55(P<0.05), TAEAS
A B AR F R, ANFE 318.15 K F RAH Al RIH it
B LA XTI R A R Y Ke BAT 3P 25 55 (P<0.05),
Tl 1] 240 B 25 5 (P>0.05), X 6T AL L)

K 520 2 A A AT BRI

HAR RAH R THFRAS RIH 5T 51.14%, 1B
TR R BRI 3A  RAH HA &0 Ky, UL
i LR T B IR B F A 2T, S50 RIH /Y
K B A J R PT i 2 Fh A A 0 I B T 3R
LIRS R, R¥ET RIH % SDZ 1 FFC HY%

ns ns ns ns
0.5 s 40— 0.80 e 150 [ 278.15K
K% ns *
4 32 0.64 120 b= 298 15K
g O 3 g 3 mm 318.15K
£ 03 £ 24 g 048 E 90 ns: P>0.05
2 02 216 Z 032 £ 60 *: P<0.05
[ ® = & #%: <001
0.1 8 0.16 30 L P<0.
#5%: p<0,001
0.0 0 0.00 0
RAL RIL RAH RIH RAL RIL RAH RIH
7V YR K7V YRR

3 FREMREYRIRIT SDZ #1 FFC Bk M2 8 5 (K

Fig. 3 Histograms of adsorption capacity constants (Kr) of biochars with different raw materials for SDZ and FFC
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Bfo 0, Zhou SFUSMGBFRAE R AL, oy
HRTFIEAEFEY RN Cu® WM. Bk, AL
6 T 6 T R 7 A 00 T o ) DR R AN 2 2 MR 470 A 3K I
PEAY 2R

40 1
sk
32+ s 1
X 24t — X
N ©
2 * £
= 16 —_ "
ns
8_
—
0 ™ M
RAL RAH RIL RIH

50

20

el
(=]

D
S

W
S

He Wy TR % SDZ F FEC (W B 729 S50 36
4, HTEBRAEYFEIAG<0 kI/mol, KR4 Fixk

0<AG< 40 kJ/mol(318.15 K T RIL Wzl FFC ER41),

YT R iR AW BRI T SDZ Fl FFC 2 H & Y8

5 % %k
RAL RAH RIL RIH
H Wy B
(KD

B4 TREABEELEYRRKI SDZ 7 FFC RMAEE
Fig. 4 Histograms of adsorption capacity constants (Kr) of biochars for SDZ and FFC at different pyrolysis temperatures

x4 HAMBRRMANFESY

Table 4 Adsorption thermodynamic parameters of tested materials

1278.15K
29815 K
mm 318.15K

ns: P>0.05

*: P<0.05
*#: P<0.01
**%: P<0.001

W B AA i SDZ FEC
) AG’ AH’ AS’ AG’ AH’ AS’
(kJ/mol) (kJ/mol) (J/(K-mol)) (kJ/mol) (kJ/mol) (J/(K-mol))
S(Ef ) 278.15 -0.32 48.61 180.40 -3.80 27.65 113.80
298.15 -8.06 -6.70
318.15 -7.15 -8.29
RAL 278.15 6.60 45.11 135.00 2.88 12.83 36.00
298.15 7.08 1.92
318.15 0.91 1.46
RAH 278.15 -1.83 37.06 136.40 -7.96 29.18 134.70
298.15 -1.48 -11.74
318.15 -7.57 -13.25
RIL 278.15 8.77 58.36 175.70 2.35 19.49 60.60
298.15 7.68 2.10
318.15 1.51 -0.16
RIH 278.15 -3.38 47.86 179.50 -8.70 34.08 154.80
298.15 -2.64 —12.68
318.15 -10.97 -14.81
RALS 278.15 -9.85 2.07 40.90 -7.50 29.11 132.50
298.15 -8.84 —11.01
318.15 -11.66 -12.72
RAHS 278.15 -13.12 6.90 75.00 -15.48 13.79 107.20
298.15 —17.42 -19.42
318.15 -15.87 -19.61
RILS 278.15 -9.32 6.80 56.10 -7.32 22.28 108.20
298.15 -8.70 -11.13
318.15 -11.72 -11.50
RIHS 278.15 -14.00 3.54 66.20 -16.37 2.76 71.20
298.15 -18.23 -20.02
318.15 -16.38 -19.01
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B, TR AR P R B SDZ R FRC AR H & Py #e
W RO, Zhao AEUFST B, 500 CHAH G T i
AR P =5 A W o e RN P =5 A W T ekt FRC I
B AR E & RN FTAE R, RIRAEYRRAG BE
o DA B T o S T AR B 100 ) B U I 5 )
IR A R BE A H & W SRR 22—
23 AEYRRMRERETIHHEAEREZHIR

izl

S RAEY) TR L R 545 X% SDZ Fl FFC 1
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