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Mg 2 TAT i 2832 A & B s K U ] B WAL &
17 CO,

ARF A KR, xS A, R R E R
1P EAA WL TR 25 B, dba 1000835 2. I = VL0 K ARG A RA A, 2 430040

W E AXHRAERRT R R 2 N, R SEPRE T A RIS KA MR LA B, JT R A IR
WAL CO, T, HWRWE . . MELFRFRZXNE OB LERSERNGZN, IR Box-
Behnken M Ji7 [ff il 26 36 6F T 25 4 PRk AT fb o S5 SR R, 15K 025 B oK b A ARG HL A i 0 (b BHAF CO, B %
53 2R 59.59% F1 59.89% . ik FE AW [ LU XT CO, #HAER MM K, RAgmE/h, HERE65C. KJ11.0
MPa FUE [ 1L S mL-g™' M PR AL SE 56 4544 F 19 CO, 23R 43 35 5] 47.56% . 52.79% F1 63.47% . Wi Jo 18y [if £ 1% S5 56
EREW, BEMEE BN EERRIRE, BEMES . WELRME DN ZEERANREE . R
S, TERNIRE 85 °C . WA B E 7 0.5 MPa, W& [ 7.5 mL-g !t BB T2 &R, b i K B R R A AT A
H) CO, B AFH K 66.1%, AHF 5% 45 K] M <R (CO,) - W (FrEhim/K) - [E (B A R AY — W B8 VR 4G 38 )
HARMES %

KHIE S IEK; BmAHE; BB ; CO, BAE; WA I i £k vk

bE & LA KT CO,. CH,. N,O 48R & A HE I i B AR 3G ™, I 28 %00 i R i S ma s H 47
JUHE A R AR B AR OE Y H I Ok B 2P, o, CO, TR R AT BT B A B I ) TR E
RO S oK, T 23 MR E RN, CO, WHFAAE LT . CO, W FZAHE, BHERBIFRAL
., PRV AR, LK CO, i 3k Al H 5 B 473 R (carbon dioxide capture utilization and storage,
CCUS) M, BURF RIS AR Ak % 112 51 25 (IPCC) [ — I PFAl 48 . 4 T 78 2050 4F Fipff 28k F- 3 <l
L FHESIFE 2 C LA CO, HEBC & H AR 18 /D 50%, [ RfEREM R A, N T XX —HIR,
] 2050 4F, CO, BRI AN H 5 EHF (CCUS) Z /b 5Tk 235 ) 4 BR B & 19 1/61°),

H AL CCUS HOR T 220 M B B 77 . I VEEAF . 0L E A5 . Horh, b B 77 il BB
75 Ji s b A O ELAAAE CO, Mk (9 RUBS: , ¥ 5 A7 W] BE S B IR TR SR, IR Ml A R ) 2k 47
WACEAF BA R R E ™ AR 0 U SAS AR A B B HE R A A A Y, R R
B R AL CO, 4 B B A A AR o iR S5 T Jie 1 S 88U Tl [ R 07 b 35 47 CO, 1 BL Al BF 5%
8 T i A A E S L B AF CO, RE TSR M MLEE . sk WA S — S IF R T COo, b7 T2
(B TIE AR IE) PRE SR 5E , X LU A5 SRR WY, H A e R 0 300 02 ™ A 11 Bl 1 E — A O T 1
ks BEA: 2022-01-26; FERABH: 2022-05-15
E&TH: P EA ML TROARA R H (4170024, 418020-5, 321023, 321127)

F—1EH: BSFH (1996—) , B, Wi-LAF5 4, langzixuan.ripp@sinopec.com; BUBISIEE : &M (1964—), B, 11, #HIZ
Him P TARIE, cuilongpeng.ripp@sinopec.com
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B, BAESRANHE I R0, BRIk fE AR BEFE M RAS B m AR R E Y 5 RIRE, Ak
FVEAL T A P HERCR 375 7K B Eh K 7 LA # 0,

Z IR 5T A FAL T35 3 vs K UhIa] KOk L B9 L K VR A M A A Tl A B B ik AT A Sy e
LI A8 R v Joa o vk B2 3R K S v s AT AR SRS, WSSV MR pH. Ca® Jo 12 VR BRI ] L 45 L 3R
XA RCR A RE ], I H & B W R R B 1 Ca¥ S BHAR i b Ca iR . BANG 5 H
VAR IR AT r 8 T 400 18 K A kg S LA T R AR K 8 /K Bk CO,, R BLEE &5 1) pH A3 R T 0 46 51 1Y
#EAT, Ca 5 Mg EAEIF A AT MgCO, AYHT i . MIGNARDI %! #F 53 % Bl CO, 1 & Mg i& i 15 84
BFE R . foeml L, WK o Ak T3k K S TR itk B P W) 0 A [ e HL A ol A7, R B — oY
AR E R . wEh K R CO, By Al T2 4440 . AW L bR & 35 /K 5 Al itk i i1 se i, 3%
FEME . . W E XA R N CO, BRI R, SR A I R B et T2 A
DAY M 2 5 25 7K 5 H A i bl ) A B A R R IR PR R B R RIS %
1 #MRl5RE*%
1.1 SLWER

AHIESE T LA i R T A T X S A A AR R TR S R AR oRAR, B S
16105 °C F T B FARAE, 2095 120 H A1 200 B 515 2842 4 75~120 pm (9 FE 5 T4 5% BHF
£ FLE T CO, R 99.9% 4l ifk . b T & Ehi5 KA thvg Rk T X .
1.2 LEERE

J 0 %é A R R4S (KTFD06-20 &Y, MR R r i TS ABRAR, "R 06L, M
IR 300 °C, Heih S 20 MPa) | 4l CO, AN AI7E £ 30 s 4 46 3 30/ 4 i .
1.3 L5k

VWAL LS B A In A S R 8, M O], EEALA FHRERCRE. S
¥ v 2l CO, AR MBI TE AR N5 b, i 28 N I R ) e 28 8 TR T o T e AILAR 35 1 e
B, B 200 rmin”, IR TRE . ROV 2 h S RN, TR AT RBROE T, FEEEEN
U AR B 2 R . SRS RN 28 N B IE VR T 0.7 pm BB AR VR T U, W5 o U S Y B N W A
R, T 105 °C FHET 12 h, FFOFEEINS), JE X RN =i AT o3 BT 3RAE .
1.4 LIt

WAL N 2R . R W LS R A R, 3 S A RO (25, 45, 65, 85°C) . JEJ)
0.5, 1.0, 1.5, 2.0, 25MPa) . W& (1. 5. 10, 15 mL-g ") XF 0 A7 i B[] & 28 75 7K 88 02 9 1k Bt
7 CO,RE Iy sgmy . B F AN R ML 45 RS2, SR A by il 48 7% (Response surface
methodology, RSM) #47 T. 22 S - A6 Y, AF90IREE . ). W L Z M2 BEAER, e fhi
N fe A T2 4,
1.5 HIELIE

CO, BIfERITE . BUudE AN, 76N, Fid N 30 mL-min ' () 554 F #EA7 IR 208, IR JE Ky 50~
1050 C, FHEEF A 50 C-min', a5 AR 5 7E 550~950 °C ML E, THERES Y CO, I i 4y
B ow (CO,) A1 CO, i K, =k ()~ 3) frn.

Afisso o5
W(CO,) = 2IBE090C o 4000, (1)
mMypsec
w(CO,)
K=—2022 100% 2
1—w(CO,) ? 2)

QCOZ = 1000 x K (3)
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;EEEF‘ : Amsso~950 «C %\%ﬂ?ﬁ’ﬁﬂ’\] Coz ﬁﬁ%v g w (COZ) j"jﬁr’ﬂﬁ}ﬁ EEE(&':F'E’:J C02 ﬁ%ﬁ’%[, Kj":l COZ E/‘J
R Oco, AL BB AR CO, HFm, gke's

1.6 DS RIE

K X 82652 661 (X-ray fluorescence, XRF) 43 M7 HE A1 il AL 2 2 B, s SR FHAAER 43 M AN 43 BT H A7
# CO, B ff i ; R H Mettler Toledo-FE28 pH M i 5 52 53 /K % pH; K JH Dionex-320 % # {7 1%
ASCRGE I 52 107 R J i W P B BB 15 SR LB A 5 TR O6IE Y (ICP-AES) 22 FH 25 7«

2 HR5i1ie

2.1 IEHSKNEBRAZH HIHEF CO, HEETFMN

53 A T S B Ak % 3R 15 AKOR 25 85 K AE Ry S B4 AT AR sy, BT 1 SR ek A A s v
JEHAEINE (TG) k. MIE 1Rl LI, W AT H A EFE 100~540 °C A7 B W i 2k, im0
i K X N Ca(OH), 43 ffF o X R B, HLA W AT &4 Ca(OH),, 1w 1k & 1 J5 09 H A i A FE

550~950 °C Z [a] s BLBH B i 46105, 100~540 C
Z 0] 2 T 9 % U W BT 4K B S AR R
Ca(OH), ¥ k. T H AP 7 . 550~950 C 1Y i
IR XTI CaCO, 53, B9 b RN 5 L
A 1) Ca(OH), 5 L il CaCO,. AR #1155 45
AL, A T R T5 KR L B K AE R
A Y EL 7 W CO, B A7 R 43 3N 59.59% Fil
59.89%, BHAERFEARFE XU, LT &
15 K L A T R R R BHAE CO, RE T R R
K, UM T & ERE RS LB T,

K2R T A HL A7 7 B9 XRD K 3% & 2 B
AN, N ET A R YA S Ca(OH),,
I AN R A /) CaO, I 5 HL A I FE 10
XRD [&3¥ o ik 77 75 /0 & Ca(OH), HYfi7 S, i
FHAR T 55 355 7K R0 2 88 17K AV S S R A Jo 1 He
OB P R AR — 5, X 5 A 45 R A
o W& RN B AT, A B CaCO, ik: 3R
£ SO SR o ) S U T T 2 R SR
BERRESE A R N, DRI N R A
Ca(OH),o 2 W 4k |2 B J5 19 HE A 3 ol P 1%
ik, W THEERE, TUHEKE . #%K.
TR BE A+ s A Rt aT DL i U
BT B Al R 5 .

X VB Bk S IS A T R TS K R A
BTN, WMk R, NERITUER, &
N JE BHE 7 Ca*'. Mg Fl Na'Jii & ok 1 H B
THHBH TR, 20897, 525, 1927mgL™
& 2 556, 221, 617 mg-L'. BB T 1 CI AN
SO i ik W B T AL A R R, A BIAA

100
90 -
80
g
2 l\
70 - “‘,
— LA !
60F ~ *fr'%%/kfli)ai “‘\
O ACTEBIAAE
50 . . . . . . 1 )
50 200 350 500 650 800 950 1100 1250

REC
1 BRI RBAIE®RE (TG) Bk

Fig. 1 Thermogravimetric (TG) curves before and after wet
mineralization

. e CaO
¢ Ca(OH),
= CaCoO,

ST

n : s " u '.
SN |

Bl S N, . v

LB TR

. BN em AT SIS KA R
o ¥ VNS uPC WIS W S WSSk S D

10 20 30 40 50 60 70
20/°)
2 RN KR EATE XRD EE

Fig.2 XRD before and after wet mineralization

®1 RNEIRARASEN
Table 1 Change of solution composition

before and after reaction mg-L™!

FEh CI” NO, SO} Ca* K' Mg Na'

T EEIEK 4484 102 3565 897 231 525 1927

FN Je T 4087 93 617 556 171 221 617
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4484, 3565mg L' fE% 4087, 617 mg- L' TRV H 5 HL A A9 XRE 25 /U058 2 o, [V JE
R Na, Cl, STCER & ifin. Ca® Fl Mg™ it & Wk & 1 WA mT B8 109 Jit PRI 2 e 1o 3k 78 v i ik v
Ca™ M Mg” 5 W I CO KA T I, THFET Ca®Ffl Mg™, BB RIRE F ., Na'. CIAl
SO  Afig 5 CO™ R AE BUTTVE , Ho ot £ Wk B e — 0 T 7T R 2 H A 3 109 i A (S 345 W pHL 385 im0 (2
Kl 3 fi7R) , Ca™™5 SO E AL CaSO, PLUE; 75— 71, X451 ] fE WL 76 FE 4 i 3R 1T, 1 IV W
RS T R R B A R BT

®2 RNBIEEAZELFER

Table 2 Chemical composition of calcium carbide slag before and after reaction %o
FEf Na,0 MgO AlLO, Si0, SO, Cl Ca0 TiO, Fe0, SO KO  NiO
SN i A7 i 0.020 0.170  0.950 2.700 0470  — 90.900 — 0.170 — — —
SIS HL A 0.549 0523 0.658 1.900 1.990 0.615 93.100 0.072 0.192 0.079 0.102 0.177
XA A A B S W] B B 2 A OKORE AT Mr
pH X, H pH LW 3 s . ATLLE 12+
2 FOKHEE pH AR, H R 7E SO i 7 v iy pH A2 10 -
oA —H, RV ETE T & #hi5 K pH R gl
5.18, F:8 Tk pH W 7.035 FIA LA 5 . Jndk CIM|
%50 U O BE RS Ak T A AR 7 K U R
pH JH 2 12.02, £ B T/KJIEW pH A 1231, pH B Tiiifiggmﬁ
18 T i U8 T L A i b R ) BT AN Ca(OH), & A=
HLE, P74 KiE OH M Ca*'; A CO, J5, H ‘ )g# 5(@%45/& ;:i;wlg(;gm(( I
F CO, 5 W h OH 1 Ca** (5 Mg™) & 401k IR
FCNE, OH B #& A i M e PR A, AL T35 Eh B3 RAH LTI pH T
V5 7K R 2 B K T R pH {H45 5 F P2 7.40 Fig. 3 Change of pH value of water samples during wet
A1 7.15. mineralization

22 IEHSKNEBRAZH KIHE CO, REFHE

1) I FE X HL A CO, BAFFRMFE M . CO, B A7 R Bl B A2 ¢ R WA 4 (a) s . HEATIL,
Bl R B TH G, CO, BHAE R KT /N, 7E 65 °C ik B i REE R 47.56%., BEERE T, 4
T SRR RIZL, B A5 2R 512 Y B Ca® ¥ i T, B2 8 B 1Y T R SRR AR
CO, SMAERW P VAL o 76 65 °C Z AT, Ca' MR H RN IEHIAE, BETHE, Ca'iigtE
WK, CO, BRI E . MHIREET 65 CJa, CO, M M Hl A4 5%, BiE R E T,
CO, MAE W h BV i B T BEDY, B ER TS, B Ak b e R N, TR Ty, RO
A, WS FMEAE TR,

2) FE I X B AT i CO, B AR . CO, B AR U6 I8 X R UK 4 (b) Fis . H K]
W, CO, HAFRKEPI UG I /N, BERIGEETI T E, CO, B KGN, 15T
1.0 MPa i K 3K 2 5 REAF R 52.79% . K F1 FEEXF CO, 76 16 W B ¥ S P= A i i o 76— %2 1Y
T, WP Co, MiEfME SR MIE L, Rk, Mok, CO, 7E % B i iE i o
HRBY BERE T 7 0.5 MPa 34 K 5] 1.0 MPa, CO, 757 I A9 i f 1 K, 77 AR 1Y CO2 RS 11
fn, CO, BRI K, 24 )E SN 1.0 MPa 3 K #] 2.5 MPa Itf, ¥ H (19 CO, R BE4k 2L, 5
b T & R TE K A Ca D v, A LAY CaCO, URE BFF 25 1 L f7 8 Fe 17, BELAS T FfL 7 78 Ca 1972
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60 60 70
55¢ 58}
50+ 561 60T
541
451 .
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351 as}
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25+ 441
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(a) CO B 72 BEIRL Ik (b) CO B AL J1 724k (¢) CO B 17 ZEBEH I LL i) 224k

4 CO,HEXMAREZRMNEULXR

Fig. 4 Variation of CO, sequestration rate K with different factors

P, R T CO, AURTE AT T Y 1L, BRI Y HEA TR

3) VR [ L X H A i CO, BHAF R FE M . CO, B AF AW [ AR R A& 4 () Frs o i ]
W, BEE W A TR, CO, BRI KR /N, AR HE o 5 mL-g ™ i K 3k Bl e K 63.47%.
WY Ca® . COZ™ oo e B X B b S I ik R AT AR DR RS2 M), T 98 3T 1 2 522 Wi R, Ay 9 v il 40y Jot
H CO, FE/K i i AR B, HEMISZ I W rh Ca™ . CO,™ Bt i ¥k B Je ™ Ak 35 /7 CO, P REY . 7E W [
F/NT smLeg ' i, HARARAE T HL A U v B S AR S A RO Y WA B, LR R R
AN, ARMRAE PR, CO, MK TR MR WD . SR IE AR —E R, BA
P ) R R AR 58 A, ARSI ORI L, BRCE W) A N FERE I, A, WO BB 2
VAW Ca® B WL TR, HEMTA AL R NP 10 22 A8 5l , B 77 AR
23 HWISERFKMEBAZEEN UHECO, TZH£HML

1) LRSSy A B o AR B DR 3R R ) ) S 6 2 SR e I T g £k T AR A A S, SR
Rl 3 fis .

HR 4l S 25 SR LB A, Hy Design-Expert #*3 MEEKREAR
TR LA M 2 W R T 2 (4) B . R Table 3 Experimental results of response surface methodology
P {7 0.008722<0.05, TR HUNEALE By,  FWAS AT BMPa Clmlgh) K%

K =33.82+0.40A +5.21B +5.08C —0.21 AB+ ! 45 0.5 > 626

0.12AC—1.57BC-0.01A>+7.08B>—0.96C> (4) 2 85 0.5 5 63.1

2) I Z 2 BARE T o R FH e 1 T 4% 32 3 45 15 > 639
HINBERZEZTIEN, Bl 58 CO, 17 4 85 = 3 36.0
ey R A B RN CY NG R R () 5 4 1o 2 8
FoR, WBEFE T Z 8 958 B AE X CO, #H 47 6 85 1.0 2 36.0
R, TEWRE BB T, HESE 7 4 1.0 8 319
J1Z 8 22 BAE BN, R0 2%t Co, 8 85 1.0 8 364
FERB R ARG SS , Xt 5 B PR 22000 1 45 ? 65 0.5 2 475
Witro ES()  BS () NIET— R E S 10 6 . ? o
R HE 1 32 HAE T CO, BHAF R, T 1 65 0.5 8 64.9
i S5 R ELROBE R, CO, EA7 A, 45 2 6 " ’ 2
IR IR | Ud B IR R DA b 22 13 65 1.0 3 624
EREE, EXmEAREEENSHZ —. 14 65 10 3 63.6
F5 () o P S (f) gl — 5 i IR ) 5 1 L 15 ©® L0 > o7

(38 B AR CO, BAFRMFEN, =4/ HA R E: A—IREE; B—WIETr; C—lE L.
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Fig. 5 Response surface plot and contour plot of CO, sequestration rate
Y, 10 B E X s 7 A s ) BRI &, T 2 2 B B FN T CO, MRk R B3
3) Fe Al T4 T N A SR, W E CO, BRI KA R0 . 85 C .
0.5MPa, W[ 7.5 mL-g™", FEMCIRAFET, BERIFUNME R 66.9%, [FIWF, 78 FiRSAFT #4755
JK R E] A W IR AT A B CO, SE8, 3 WPAT S BT 15 CO, EAF 3R M- BIE hy 66.1%, H A7 i 5
Pr i B 5 661 gkg™', SEUR(H S I YR 22/ T 1.5%, B, sk b3k ikl s ok s 1815 0
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fhEAE CO, S M A E T 245
3 &R

1) A6 5 8 75 7K R0 25 88 7 /K g A ot 0 i A i 0 Ak B A7 CO, BHAE 553001 R 59.59% il 59.89%, Kk
AREN, AT U AR T F R 15 kAR 25 8 KR Sl OB A Jo o

2) i R [ X CO, BAFRM AL R, FIsgmi/h, R RN I &M T, 7EiRE
65 °C.\ JEJJ 1.0 MPa FI [ LL 5 mL-g™" I CO, E A7 HIEH] 47.56% . 52.79% 1 63.47%.

3) U BN [ L =z R A BAE Ao 2, BN T L R LR R D A8 BAE AN B3
[F) S ff 5 AE 5 I L BE 85 °C . WIHR W 77 0.5 MPa, W& 1 7.5 mL-g ! WA T2 84 F, &his
KM AT BT AL CO, BHAEE R 66.1%.
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Optimization of carbon dioxide sequestration by carbide slag mineralization
with chemical salty wastewater by response surface methodology

LANG Zixuan', ZHANG Yapeng’, LIU Yanfang', CUI Longpeng"’, ZHAO Mingming', ZHU Fuxia'

1. SINOPEC Research Institute of Petroleum Processing, Beijing 100083, China; 2. Wuhan Sanjiang Aerospace Distant
Technology Co., Ltd., Wuhan 430040, China
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Abstract In view of the problem that the wet mineralization of carbide slag consumes a lot of water resource,
an experimental study on carbon dioxide sequestration by carbide slag wet mineralization was carried out using
actual chemical salty wastewater as the reaction medium. The effect of temperature, pressure, liquid-solid ratio
and other single factors on carbon sequestration rate of calcium carbide slag was studied, and then Box-Behnken
response surface curve method was used to optimize the process conditions. The results showed that the CO,
sequestration rates of calcium carbide slag mineralization with wastewater and deionized water as media were
59.59% and 59.89%, respectively, basically unchanged. The experiment revealed that temperature and liquid-
solid ratio had a great influence on CO, sequestration rates, while pressure had a small influence. Under the
optimized experimental conditions of temperature 65 °C, pressure 1.0 MPa and liquid-solid ratio 5 mL-g ', the
CO, sequestration rate reached 47.56%, 52.79% and 63.47%, respectively. The results of response surface curve
method showed that the interaction between temperature and liquid-solid was the most significant, while
temperature and pressure, liquid-solid and pressure were not significantly interacted. At the same time, under the
optimal conditions of reaction temperature 85 ©°C, initial reaction pressure 0.5 MPa and liquid-solid ratio
7.464 mL-g”', the CO, sequestration rate of salt wastewater coordinated calcium carbide slag mineralization
reached 66.1%. This study can provide a reference for the further development of synergy technology of the
secondary resource cycle of the industrial enterprise “three pollutants emissions ”, for example CO,, salty
wastewater and calcium carbide slag.

Keywords chemical salty wastewater; carbide slag; mineralization reaction; CO, sequestration; response

surface methodology
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