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Abstract: As our country’s carbon footprint research is started late, the establishment of a thorough
carbon footprint assessment system is an inevitable choice for us to effectively cope with complex
international relations and increasingly fierce international low—carbon economic competition,
scientifically promote and guide the development of green and low—carbon transformation, and orderly
achieve the “double carbon” goal. Based on domestic and foreign literature research, the carbon
footprint concept, carbon footprint assessment methods, carbon footprint assessment standards, carbon
footprint assessment boundary division and data acquisition were reviewed and analyzed systematically.
Although the academic definition of carbon footprint was not yet completely unified, more people tended
to elaborate it from the perspective of the whole life cycle. In this paper, the concept of carbon footprint of
industrial products was supplemented and improved from the perspectives of the “whole life cycle” and
“whole process” . Compared with the input—output analysis method (IOA), the life cycle assessment
method (LCA) was relatively leading in development, had certain advantages in universality,
systematization and quantification, and expanded the product system in time and space, but it still needed
to be further improved in the terms of the truncation error control, data quality assurance and unification
of standard system, etc. PAS2050, GHG Protocol and 1SO14067 were currently the most widely used
whole life cycle carbon footprint assessment standards. However, more detailed, precise and clear Product
Category Rules (PCR) were needed for specific product categories. Based on the above research summary
and the analysis of the application progress of carbon footprint assessment technology in key industrial
emission control industry such as electric power, steel, cement, petroleum and chemical industry, the
problems existing in the current research and the challenges facing the development of our country’s
carbon footprint assessment technology were proposed: (DThe localization carbon emission database of the
whole life cycle and whole process of multiple fields had yet to be improved; 2 A high—precision,
standardized and internationally recognized carbon footprint assessment methodology had yet to be built;
and (3 The research on the combination of carbon footprint and quantitative assessment of carbon
emission reduction was not in—depth enough, and there were few landmark demonstration projects that
supported the implementation of carbon footprints for low—carbon solutions. In the future, it was necessary
to further explore the combination of carbon footprint assessment technology with carbon emissions
accounting and carbon trading research, combine product carbon footprint with product carbon labeling
and Environmental Product Declaration (EPD), and give full play to the role of carbon footprint
assessment technology in promoting scientific and orderly carbon reduction, guiding green and low—
carbon consumption, and responding to trade barriers, etc. This paper could provide a reference for
promoting the establishment of a comprehensive, scientific, accurate and standardized carbon footprint
assessment system in China.

Keywords: carbon footprint; life cycle analysis; carbon peak and carbon neutral; carbon footprint

assessment standards; product carbon footprint; trade barriers
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14 JIT A PR 3 A Al 2 300 B0 () AT 2445 ok 4R
o X 2 A B I A T URR A 43 BT sl A
FEMESTT, KA BERH P S A R A 2 i R 2
s P BRI S LA S 32 ) (B AE S AH DG IR 26 AT R X e
AEERE R, UL SRR . AR
WA S A PR ERF A PRIEER . — B BT R ak
JEIIAE 7 i A A FE e 2 30 R AT 10% 14K
P PR Ay R v R, OB B W R T AR
VB AE 343 LA Lo A, X TS24 Joik 3R LY
BE, HAZBIE X AR TTIREE BN, AT 2R AN
i, —BEIGSEY R < 1%, FHAYE<0.1%.

PR I PG AL HE T R E AR, B R
fbak (Co,) . He (CH) . BT AE (N,0O), &
LY (HFCs) . @by (PFCs) . 7SHAk
i (SF,) FI=% LA (NF,), HIRZESM 1004
A ERAEBEES (GWP100) #EATHE, A4kt
(D)EATIR, 22 AR GWP100{H ANk 5
Fi7R

C=3Q xm,

K, €O ER T CO—eq 545
kg; m R E SR AT RAEER, ke QR
T E M R ERAR RS SERR T e 2 T PP
E SIS T 39 = Ra L= R A NVAe 78] 1A= SR IVAEK
o, WL (1kg) NINFERANL, CO,—eq
(ITTIREE F ok kg B0

(1)

x5 BRESEKLKTEES
T 2RI [y ARREIEEH (GWP100)
AR o, 1
Cipes CH, 27.9
A N,0 273
AFBRILY) HFCs 4.84 ~ 14600
Extvtay| PFCs 7380 ~ 12400
NI SF, 25200
AR NF, 17400

2 BRBIAF UK B ) AT b By R

R R T2 B ORRETR, — T, R4S
PP ™ i A 3 PTAt b, DT AR A A
s o3— T, FIIVERENE A9 A 2 Eik
WAL, BB . 7 SRR A A
FRFR . I, 5T LCA J7vETIT R B 2 b
PEASIFT AT SRR IS

TEENBFR T, S E N &2 AR
i WP 41 eBalance, 11545 51 42 [ i, M 2H 41
B« 7 s 0 HE PR 1 T S84 43 ) Ay A P
1kWh CO,~eq } 0.93kg. 1.03kg, H: 2 2165 2 il
T AT RE 177 f i AL 700 3 TR 5 3 )
L) BV RN JFORH R A 7 Mas it FE . i A
55 MR R ILRE T), 2R T R H
TR A ERT- 24 H g Bl fE 8 Y [ B L D9 o R T
A B A A JE AR R A, AR 10°hm® - kWh,
L5 CO T A Mt HE B, 3R 40 10 A A0 35 o
I, BRRYECRIT R . R AR L G R
FEPAL R S A R e A R AR, T
Wl R B E T (131.3x10°hm*-kWh™) > #& il
B (95.8x10°hm*-kWh™) >#R“TH ] (56.6%
10°hm*-kWh™) > /K # (38.8x10°hm*-kWh™') >
B (1.9x10°hm*-kWh™) o XIF) 553 F LCA 7
e, THORAT B0 L P BRI R AR B Y B A2 5T
236.23 JT Wiy CO, HEi, b, 96% LA b 2544
SREHERL, SRETERAUINT. . R A . R
FEWs K BN 3% . 0.68% F10.12%, 21
B, YT R A R R R R SR D 43 S A R
i 1kWh =42 CO,—eq 0.80kg . 0.73kg, #§2%20%

x4 HERETME
Btk I Bl Ry Bl [l
2] SCHk Fefe bl i P g RA SES 1~54F 5~104F >104F
5 3 1 5 4 3 2 1 5 4 3 1
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FIOA Bt T h E AT i 2 25k, 0T
FTYER Va2, Hod, JERE 4T S
B, FEREAT AR T Hik 90% . Liao 461
BOHT T R R A, ER A LCA
Jii:, 2009 4F B v AL AR AR 7D 1k Wh {3t
i, i CO,—eq M 0.892kg. Wang %5 K F LCA 572,
ARGV AT T v BRI T 4 A A B e HE
B BRI R R R I, TR SRR TR |
WU RIGIE ). Y. B, AR TRIREER
PRS- an R AR, S R B HE i S 2
AN 5 /b a3, 2014 4F 35 3 i KAH CO—eq K
3783Mt, (a4 B HE ik it o AR R TR 10.7%~12%,
Horfr 2016 4FE R R HE I I CO,—eq b 223Mt,
o A A A R R 1 6% LA E, BB, dnd
RUEVE | 1z ATC A ZUHER H o SR R 2]
3%; 4= E A R AR 8 A 2010 4F 1kWh fiE i 5
CO,—eq K 0.971kg T & % 2016 4F- [ 0.900kg, HH
BRI % B BTHR T 90% , HLAKGNE 4 7R o Sun 46
FETF Matrix—based B8, 115 715520024 . 2006
AR EHAHL )R R R4 TkWh i 2 CO,—eq
1.09kg. 1.19kg.
FEEBRATSE 7, AR EPRGEEE (IEA) &
A EE BR™, BRI R O | AR A
PR H AR R 528, B 1 kWh AL FE CO,~eq 43 1)
70.86kg. 0.87kg. 1.02kg. Carbon Footprint Ltd. &
AT AR I TSR, R B AR TkWh AR
17 CO,—eq — &N 0.5kg. Mittal &6 Odeh £
Messagie | Santoyo—Castelazo SRS BN HFSE T ER
& (0.926kg) . & [E (0.9897kg) . b ] B
(0.925kg) FISBPGRF (1.045kg) WRIEHL ) B L5k,
P& 15 R P AR T AT R g e I AT AR
Dalir 5L F LCA Ik, WY TIASHLALA R FHEX
BB AT (5 2 KT, B R 1k Wh Ak i
CO,—eq 4 0.321~0.522kg Andric W58 T A9 5
BRI LI B, A B R R R

P4 SRR e AR A

F]20% B, CO,HERR AT 119%0~25%

LI R i S L AE T A Tl ™ ik 2
IPEAS TR AT, BRI RN EE R A
MR CEE, (EEENE, B4
RSB Bl it e v, [a]—FpE ] ik
AT 25 DUAS [R] 20 0 75 6L & ok e B, an & 5
TNo MICHRATRT, AR T i 2 I PAG i
A3, JEEOCHTE TR AR R A e
KRR, 3o, TR 4 I h 2 8 DAk
“BOSHEIR” J5, Rk e AR R OR f5 22
R s, E R AT AR R A

IS TR]— el e i o 300 A5 A B B il X G Hh ool IR AS ] F) 91 e 1
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OB A Tiehe. EWNRZHTBUNE &
R, SRR A v ML R FH A 0 o 25 B A
BHEREE . QFReli k., SRR B, B
B IR HL I B R AR, QA% L KR AR Bl 304X
1kWh fitH 5 CO,—eq 294 0.00413kg . 0.0143kg. 1H
(EARERE RS, BT A ™ S ik R R A
R 7 AT LAMERR NSO GIRAE A & H RSk Ah, DAH
PO 57 ] 604 1, 7 i A i S S TR A A X0 r g 26
o @UARERIRET . 2 E A I 5 i &
RERGR T, B e TR A 0L, P
& M R AT . @CO, MiHEH AR . CO, ML
AT RIS | ARBAS | = B {E Y CO, BT IR LA
FHEARBA SR T IZ B AR IS W H]

3 BRR TR BOR A AR AT b By

BRSBTS AR 42, B
SERGUER AR 2 VPG A B THESI R A P R A7
L g AR K . TP EILL R R -
W KA T R E, A RO X E PR 5 B
& SIS R, T EENER Tk B2
AT EPD (B ™ A ) SF & T 202245 H
19 HE & L2, KB 5t 6 s . Ay bk
T i R I S IREEAE B

TEENBFRT T, SRR R I0A Y, 1
AT T R 5 A BB A ERR A R Al 1) 7 i A
W, MR TS BRI 3.93~4.59t, MEEASK iR
TRRE, HET G, DA 6], 5
g5 R IR AN ELEIAAS TR A
B E, B 1640 CO—eq 43 %M 04741, 0.513t,
3.98t, 0.262t, 0.264t, HREk T 7 5 H B i 70%.
“ERER TR AR AR T R HE R
WET CHEPENT BRI TR, FRERY, &
WL TR 108 CO,—eq 43 R 2,158, 0.1517, 3
PR3- 7 rf [ 2000—2009 4F 80 2k 47 M 14 i
fe HE ik, 2 W SR I B B, e 2000 A Y 1t A
CO,—eq 4 2.61t [ 2 2009 4F (1) 1.60t, 5K FHEF S5
TR R R AR AL 2005—201 1 4F (R Bk /2 38,
M 2005 4F (1) 1t 9 CO,—eq Ky 2.58t [ 2 2011 4F- 1
2.25t, HHAYERBREAR (1.640) “iBH—&
25 XNESRAE MR (B R =E SR G0
HilderE) . CNEkBRHER e R ) (5 0&7 i [Ehk ) 1
LCA 77k, AR AR b il /2528, B 104
CO,—eq M 2.116t, 2.013t F12.309t, LCA ByiT%5 4
TR R it . ks, £

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

fb. Bl BRUAL. @b, b SLHIAE B Ik
T, S CARREERIRTT”, AR RIS Y
() B AL TR e 43 A R 4.05% . 3.18% . 0.49% .
17.08%. 2224%. 146%. 35.62%. 5.31%.
10.56%. Meng S5 $& T — i 35 T 40 5C 25 #8019
FER R TR UL B 2 il UL, AR B E
Bk 140 CO,—eq H 1.93t, Lyu 25T LCA )5 iE0F58
KIR, BRI T 2080 2308 104k BRk 41 CO,~eq M 0.0585t,
HoH51.4% % B AR EEEC, TRz . BRRH
Fds 7y, Hhesbth, BRI T A HHG ., fEFEE
i SEARARHERL

7 18 A K 18 B pif 52 5 T, R Bk T £
(World Steel Association, WSA) M 1996 4=z B Ff
LR TT AR 7 it i A= i TR BAAE 5, 2012470
AR BB T 118X CO,—eq A 1.8t, 2020 4F™ & A T A
IR FE0- S AR Rl K5, AN TR S0 7 i (R Bk A2 30
ZREOR, AUME . WAL, BRELE . BT 1t
B CO,—eq 3 5 M 1.578t, 1.966t, 2.343t, 2.894t,
2007 4EFEPRBEVEE (IEA) "R A T +5Ep”
K. “Hp” BRI 2, 168 CO,—eq
IR 1.3~1.6t, 0.3~0.5t; 2020 4 IEA™ % A it 4L
P55, 1149 CO,—eq 43 2.2t 0.3t, Conejo 557" HE 2|
Se 09 R A ol ik A2 3 7K OF 14N CO,—eq Ry 1.8t
TR R BRR T N 1.80~2.00t, .
B R - - s 4 A 0.8~1.3t.
1.1~1.8t F10.35~0.5t, %38 i $2 /&5 6E U5 A1 20%
VA R B AR ME M 3 109%~15% ., Suer 25 LT LCA
Tk, R CCFRERIRTT M SR sy, RS
BT ELEA BOBR L3 108 CO—eq F9 2,11, B R
SRR SR R AT 430 52 IR HE 4% F1 9%
Lisienko S5 ™58 K B “wmifr+ 0" BECHE “&
W dr” BRI COHERAR, LA B B4 i A 4N
BRAME A, [RIEHE A g AR —A
EIRISEOK) A B TIE > 20% B COHERL, 4
TEIRIERIAT T5% . 80% . 85% #540AE 1 T Bk JE 705
1t 8 CO,~eq 43 ]}y 2.048t, 2.166t, 2.286t. Jha
CEOIESE R B, BRE L T R FHAE ) SRR AR
AT U™ SR R 308, B4R LUk 31 30% BT
Bl JE 300 ] FEAI 6%, Devasahayam 2598 AP, =
WriBe 2% LR AT I8 2% (ERHERL . Ghanbari
GOSN, K RN S 2807 R GRS G T
LIV 2> 20% LAY COLHERL, RIk 1140 CO—eq M
0.97t, Schmole & 5% A& B RLEAR AT A 250 2>
R COHERL, FERET A, KRARSAREE . &R
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TRV R Y T2 A0 R A v b e e HE 53 5 Ry
1.527t, 1.421t, 1.235t, 1.150t,

EIWNAMEE . BON . Trlkbhes . Wkl 4%
A2 T XK i 2 R VAL R R kL bR
HE L NI R TR R TR, SRkl
PR THRAROC TARRAL R, RIBAXEC N, &
T A A IRRIE . GIFARR . i mE N7
) TAERA M, AR S, 762020 4 L)
A FRAERT, B, . S, A0 EL
VTP RSB AIN A, Hodr, e N
G, 2003 4F LR T LCA A FE TAE, X
B A A VPRI T TR R e, sk
SO T IELMR . LR . BEEENR . REAN . ANEEINAE
2 A AR IV, RS R T SR
it HIAIE, SReafilis . SR phy RS A
TAE, 20204F LUK, BROR B 22 10 B4 8k Al T 4R IF
JE 7= R VAL A R . Ak “XUR” H bl
TE A Ml U [ AR R R A T TAE . B A
BRAT M JE 30 PP e 2 L A DG A e 1) ) LA
O E Bz b AR i S e AR i
Hel R mh B e, il 2y 1 TR E Bk i 2
WM TAERIF R, HR Tz A -8R, ik
TP EAN R S RRSE AR R AR SR R Ak (5 5
BE& s Qe Z A AR Tl b BE U R VR T
e R I PEAG T, (IS Y H A5 KR Al 1 77 b
LCA Kt b i TAERAR BTl s) . ARMEIE A
A1, AR TIRESNEATY W™ HR5EH;
(B)F [ 49K ™= i Al J22 30 A AH S bR v AR R A8 58
e, biE FOR AR PR AN B R R VAL IR RE SR S5 )y
T, B AR AR 2 . B A A AT Y
Pt LA K RS0 AN it 2 il e B PEA 5
EEAUPRIE ;. @ HTFR ™ k= [R] i 2 4R A
T8GR il I PR . B BRATE T I el
AA, BXAEFEM N ERA T ™ S L 3 DA T AR 1
R . R, AT E B T A ik
SR PEUT A A FH A SR S & T AR AR R 58
N N 4 L 13 = N A= (S A= Rt Ba - Tl
I AAREFRE TR R

TERBRA T sty T, AN o 1 T
BT S Kigiie 42, WnlE 6 frzs, MR fa) RUBE
by AR A A SEBRAE Bl AR L Rk SR
i, BAESCMEZ AT, R RPN A I R 4
W BRFEIRT, RE B E Rk oG, JUIHRE
X E S R ) R KRR T,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

K6 WSAZRHAYEIERAT LA Rk iR A

4 BRI A BORAE AR RAT Akt i A

IKPEATI AR . PRI AE AR Tolk, MR
BHFERIT R . B85, KR4 HE A6 A
AR, P EDEE R KA — K, JF
KVt I ITAL , JFRMES [ FoKkle Tolk e, =&
SEIFRE XU AR

FEENAFSE T, 2RSSR 2 0 PAS 2050 45
e, TR E A YR AL AR R AL 3 1K I8
CO,—eq H0.614t, Z2FF I XTBEHTT R /0N 70%
FKYe, MG T REGH T3 (>4ki-20kld) |
WL A ik (2~dka=B0RHd) /N AT AL
(<2kt=2kd) FISr 7z (<2ki-20BHd) 10K e
CO,—eq 43524 0.573t, 0.588t. 0.609t, 0.619t, &
T LCA J5 AR 2 /K ek R 784 0.698t, 1 3CHf
SRR LCA ik, IR ER KT8 (P.I A P.II
) WA ALK (PO | Bl IR Eh K I
(P.S.A K P.S.BAL) | KK HEFR R K VS (P.P
) BAEERREKIE (P.CHY) R K ik B2 £
Kie (P.F#L) 8FpK e iAo ik PPl , 4558 1t
JK Y8 CO,~eq 43 11 4 0.933t, 0.890t, 0.779~0.890t .
0.507~0.762t, 0.336~0.507t, 0.592~0.762t, 0.507~
0.762t, 0.592~0.762t, Z& T#§" 3T LCA ik,
XF iR 8 A MURIK U S AN EA T T B R I ITAR T AR
WA FET, R RO MR ORI S TS T
VLT LCA 7, RS POKIR T Hifk 35 1t
TK U CO,—eq 4 0.668t, H:Hr CaCO, 53 5 LU,
H57.29%, BEBHREE 5 LR 38.33%. Shen FF*R
FHLCA J7 it o8 B30, BE7K ek /2 30 bb ik iR £k 7K
PRH K, A4 LG # 1 0.079~0.395t, Zhang
K LCA Jr ik e & 80, Fek R 3 7K U A Rt i) e
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SR 1t 7K CO,—eq 43514 1.056t, 1.008t, H:4%H
A B BB A2 I 530 0.950e, 0.917t,

FEE S R E PR ST T, R e R R R 55

51425 2009 AN A7 1 K U6 SRk B2 T 1t K I8
CO,~eq 5 0.866t, ErnstZE”SR I LCA )ik, HHEG
B R R h S K U Ak 12 kK e Rk 38 1 K U
CO,—eq 737l 1 ~ 1.2t F10.87t. Barcelo S5 5% &
PUK e S 30 KRk B A K AERE, i B
I TRAT R R R R A DR i A 30 ) B B B
—, WAL ORRIBC T . AN L il 2 30
£ 0.570~1.271t) 5L G ek iR £h Pk (0.816) #H
W, w80 20%~30%

KPS IR AR AR, AR
FVF 22 SCHRAT 7K 6 4 A= i S A Al J2 30 o T A 5
VAR TSR —2, A Ko STk R
TRVCAE A IR EE - P BEAA M FH I e A i 8 i [Tk
M KUt 2 T 32 B A K A B R R
B, ARPATILERIEHER i 2T . O REIEAL
H, AR TR KU 75 e K REIR AR N3 6 BT
Ny QAT HLIEAR, KR BCRHE IS R HhHERE )
300°CUA FARIRE R T TR ik f, HGE
i K PR BRHGE LR AE IR 1 33% 2 47 s BRIk
JERPEAC, R RIS AW, Tk AL
[ AR, RO R AR A 58 A 5 T T
A KA; @B, WSCHk[931F7 iR, AIF L
J7« ARG REEHE S, K Ues e ik 2
WA, GCCUS 5 HAbRHER it

&6 AEIKREEITZHHFE™

T4k PAHE/GI 1! BORI%
e 275.0 35
piTA7S 5.9~6.7 26~30
ik

TkE 4.6 38
1 e RTTHAE: 4.2 42
2GR TR 3.8 46
AR T 3.3 53
A YT TR i 2 3.1 56
5 TR TR G3-fifp 25 3.0~3.1 58

5 BRI HORAE T A TAT b
B B

TR T AT LA o AL e 2 5 Sl
e SOBEH T RSB L, IR 95%

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

DA E 08 Tl i JE A B T A i A T AT AR
PR R, SRR AL T AT A R S 5 T
St S A A T B AL T PEA A SR

FEENOFF 5T, 5 T 3 S S Tl
RACH (PVC) F=EhilbAT Thk 2G5, it
LR 107 5 CO,—eq 200 17651, JRBRET 44
i JE3 3E R T A3 T e m e, 15
B RN A3 T 25 R B A2 320 4331 Ry 852.34 /M)
F1996.03g/MJ. THEE"HTF LCA X} CO,-DMC (i
MR Wg) Fov e b T TG TR, BT
& T2 AR RE AR R 1 57 T 7 Ml B i e A2 30 155
B, & 3R B AL 7 ) Bk 2 T CO,—eq R 0.70~
1.67t, PN #2052 B PAS 2050 RifE, DLEEAS
PRI PR R ORI S, A5 8] < AFE IR 23
74 JE AR SR 3 CO,—eq oA 2,958t E T
i %oF B B R 2% LASRE Ry DO AL B R AT T i
FEI AT, A R R R A A 2 AR I 2
1077 5 CO,—eq 43514 0.56t, 0.274t, B~
SRS E . R+ RE . B+ S
P+ APPSR A AT Bkt ek E
Wit AR P4, TEREEE R 107 5 CO—eq 3 1A
27.05t, 23.84t. 12.54tF19.33t, FKAEF[LEOIRF B N
1B = 4L Ik 2 AT T LCA T, b2k
WAL — Ak . MTO T 25477 /) B s bk 36 117
i CO,—eq 43 1l A7 0.206t, 0.968t, 5.979t, HI ¥
SENOG T DN ok R 4 2 i S AR S DAL 2 SR 1
it CO,—eq A 12.55t, I PROAESFIXT & — B 14 5
(CTEG) BEZ&KMKIRS N (NGTEG) BEL#EAT T
Wi PEAL 45 5 1™ i CO,—eq 43 314 9.039t Al
5.745t, @R ZFAL T R 2R K L AT
TG, TR I, AR S ST
VRIS 2 1 7 i 4 A A SR TR 30 1™ i CO,—eq A
1.7~2.4t, LUJEERT CO, 0 Uk} i) % 2 10 7 i 42 A A
FAIRR A 177 5 CO,—eq M 8.0~9.0t, 2% IR #5410
X B Y4 ) HDDM=TO F1 GLLMTP T 243 51|
TR, SRR T 105 CO,—eq 4334 7.95t
740t AR VL DU B B AT T IPCC T i
TR, PR R, 50 Ak
Hei E 2R 1R, (5 99%.

TEE A S EBRIFFE 71T, Wang 552 B 1SO
14040 X 45 25 T4l Bl B e e A & <tk T T2
A JEHA GWP ISR, AEfl R R 2% R E K IE
WSS IELL T, BEIELE 0.018 ~ 0.24kg/mol
G, BARRREE, SEETE. Burmistz
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LIS IR TSO 14072, 1SO14040, 19014044 X i ]
ey KRN MR BEAE 43 51 . H GE Energy/Texaco (GET)
F1Shell (SH) PFp il &0 T 25N 19 &)™ S /2 78
PEATPRAL , ROk Z AL TE T 5% AT BABR 1K J o T
Koo BERMUBACEE . 2% . SRS R A A
BrELAh, WA T CO,MHERMEF B, TR S
S RAG5) SH T 25 AR HRAREFIE 6 A SO} Ak f2
I 1725 CO,—eq 20 0 1941, 25.3t, GE T.Z.fdi
UM JEORENE Ry 21,7, TRIR, AR5 45 SR R A AR
A e E S B AR, A ndaARN A
ARRHEE AT P4 72% ~ 79% . Garcia Herrero 251
% IR 19014040, 15014044 Xf 74 BE 2F () 5 BB 5 7
air (NaOH I CL,. H, i — & LIy i) BgiEoR
A FARAL B R SRR AR ST T X, 15
TR AR B JE 305 17 5 CO,—eq Ky 2.28~3.14t, Hid%
AR BB A 2.2t Khoo 55" CO, HL AL~ 14 i
CATIEAT TR A PPAT , 75 HH RS )38 I 2 dsie
SR A 0.65~3t, Kumar 255 B[RS 594 1S I R
R AT T LCA B 2 il PFAh , A5 A A M IR R
FIBS L3058 0.7141,  Guilera V25 E S AL B g vk
il A B K SRS T LCA PEAL , A5 R N
0.414t. Kang %% CO, B Ak 24 il PR #EAT T LCA
AL, 19 MR 75 M 1.502t, Gallego-Villada 256
HET i el R GRS B N EE (nopol)
(IR AR, R 13t

BMAE R, TEWFFE ML Tl (i e 3 SC
Bk, JLTERR A T A RIYE . AN SR
Z VL R A ARE , DL b 22 Al 35 ER
S AR B RR . R N BRI S U
T RIE A A FHESA T X S48, T RE
VRSSO B RN i 35 P . AEPPAG A
Xof SEITUECHE SR F A8 (BB, — (i TPCC 48 g 45
EIBRpRifE, —MARXENS A E N SEPRIE O, Joik s
SERLA A BT AR T AR Ui TR
AR ARZ DRI %o EL 7 A 35 T T
“PREEFEIRTT . I H i A AL TAT b IR
Z, SEHOREREZ, My, I TSRS
T A DI RE A7 14 B AR DR R 1Y) 4 TP R AT
P, KSR EE . A, 20 E AR Sk
L, B RA T AR FEHE R R, PR
ANTR] 1) 2 FEL T XS 7 P i K 8 LA AR A5 e/ N e HIE Tl
SR AR L R Ty 1) o BN EEFI )y
] oy 3 37 9 & JAE A TR A v Ak T AT B B
B, I HOAE T A B i i A R i B AT

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

&, AR ST, R RS T TN A B
SR AWFFTHESE , AnxHRoR i It 75 4 A RE AR E
A7 A A A I A 3 oAy, DT SE L E 58 ) R
AN . FEIA IFTE T, B R R
TURE A FRAT A ] LA EURDAH R 8 4k T4 g
AN AR R ) b, XERTRN SR, Wik T4k
PO NP e ST A L e S e 1S
TEVPAL A 45 SR R Bl D R TR, BRILZ AL,
FERS S PR S R RESEBREBr v 1T, k2 AR
B AR DA T4 T RREEPE A DA

A AT R HER A« OB Sk I
Wk AR SEELAMAE T B ERRIE, K
F1 &R A RERAE AL T AL A . TRl Ak
Tl A NERS, TR EHFER AL T =
5 ReNE R = S AL TR SR AL Tk 45
A, AR E AN, QidFRuHE, 7R R R
FHAS P BRI M TP = A e, TE RN R
2 PR AR T Tolk Az =, IR AT U]
HARAARRE . OMIHAERI ., X = A4 i — A bk
SATICRIA , iR EAFE (CCS) L G
CO, & HL . CO, Ml Tk, AL T5 H i T4
WJEORH, B ML, U RS T A
WAL T =k, ATRAFE AR COBRIME 7 | J)2 5
R85 . @A TR HE. RO I H 5
W, FRARBRRMRE T v B BRHERL , R F IRl
RIFIER D=, R R D e TR 2 it 4%
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