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Abstract

The development of ocean carbon sinks aims to utilize artificial techniques such as marine ecological
restoration, large-scale algae cultivation, and seawater alkalization to enhance the ocean’s capacity to
absorb and store carbon dioxide, thereby mitigating global warming. Currently, with the increasing
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severity of global climate change issues, ocean alkaline mineral carbon sequestration technology, as an
innovative method of ocean carbon sinks, is gradually gaining attention. The amount of carbon fixed in
seawater is a crucial component of ocean carbon sinks, and its magnitude is influenced by various fac-
tors, such as seawater temperature, salinity, pH value, and marine biological activities. There is still a
lack of research on computational methods for the amount of carbon fixed in seawater in China. This
study focuses on the ocean alkaline mineral carbon sequestration technology and explores methods
for calculating the fixed carbon amount. By analyzing the carbon sequestration process of ocean
alkaline minerals, a computational model has been established, providing a theoretical basis for
evaluating the practical application effects of this technology. The seawater alkalization rate calcu-
lation method proposed in this study has been verified through laboratory-scale experiments on the
dissolution of ocean alkaline minerals using real seawater. The experimental results indicate that this
method has high computational accuracy and can meet the actual requirements for subsequent appli-
cations in ocean alkaline mineral carbon sink enhancement projects.
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BT ARSI RIS BUREREAT T AT 5, TS BRI AL AR (TS A (1), kT HE T AN
HEAKIRLEE . pH A AR A RS OB R R A (B (R 1~4) o BBOHINE A LR /K T VA A AL 2 R R
A BRI A VA A AR HE BT S A K(Q2), AR TN BRI B, TH RS FDRAR I A ) Ll
REA, IR AR R GG, THRAS BRI EE AT B R ik A . BUE Py fol 4 Btk
HAMF R SR, arid 2 :0G) 2 20(4) 70 015 21 A RBURE A= AR A i S Bl TR 22 1k
IR T RIORE A BN 00 o e e FL R e A, BRI aE I 28 (5) TSI A BT80S A AT 8] X T P £
FlfE . LAF & NERE N BRSSP R A RS

3.2. M ABBEAEKERSH
TR AT LEIRE K P R R AL ST VA R, /KR (TA)BEE NS A i m e AE A1k, HAR
e AR IE, W

R =d(T4)=f(d().pH.T) =(%—1.134J+4.658x10'3"H xexp[——35;)4j (1)

At
R —— RV R i OB, 8 G A BB AR 454 45 % (umol kg day ™)
pH—— PR IR IR pH (L, 3R A
T—— N R R B R AR, ¥ K
d(t) —— MR PITE ¢ WHRIORIAE . BB .,
LA, B R ENGRER R . pH RN AR T IORILE VR (8, e 1-4 .

Table 1. Olivine alkalinity rate in seawater at a bottom water temperature of 25°C

F 1. 25 CREBKRFH T AR EKESR

RS A B A0 1 7K T3 R (umol - kg ! day™)

GRS VR
() pH=75 pH=76 pH=77 pH=78 pH=79 pH=8 pH=81 pH=82
1000 10.459 8.075 6.181 4.677 3.482 2.533 1.779 1.18
300 10.471 8.087 6.193 4.689 3.494 2.545 1.791 1.192
100 10.577 8.193 6.299 4.795 3.6 2.651 1.897 1.298
37 11.329 8.945 7.051 5.547 4352 3.402 2.649 2.05
10 22.378 19.994 18.1 16.596 15.401 14.452 13.698 13.099
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Table 2. Olivine alkalinity rate in seawater at a bottom water temperature of 20°C

2. 20 CRBKRFH T AR EKIESR

IS A B 7K 52 2 (umol kg ™' day ™)

BB
(hm) pH=75 pH=76 pH=77 pH=78 pH=79 pH=8 pH=81 pH=82
1000 8.354 6.403 4.853 3.622 2.644 1.867 1.25 0.76
300 8.366 6.415 4.865 3.634 2.656 1.879 1.262 0.772
100 8.472 6.521 4971 3.74 2.762 1.985 1.368 0.878
37 9.223 7.272 5.722 4.491 3.513 2.737 2.12 1.63
10 20.273 18.321 16.772 15.541 14.563 13.786 13.169 12.679
Table 3. Olivine alkalinity rate in seawater at a bottom water temperature of 15°C
3. 1I5CRBKRFH T AR EKESR
WS R % RS I 7K E #E (umol kg ™! day ™)
(m) pH=175 pH=76 pH=77 pH=78 pH=79 pH=28 pH=28.1 pH=28.2
1000 6.577 4991 3.732 2.731 1.936 1.305 0.804 0.405
300 6.589 5.003 3.744 2.743 1.949 1.317 0.816 0418
100 6.695 5.109 3.85 2.849 2.054 1.423 0.922 0.523
37 7.446 5.861 4.601 3.601 2.806 2.175 1.673 1.275
10 18.496 16.91 15.65 14.65 13.855 13.224 12.723 12.324
Table 4. Olivine alkalinity rate in seawater at a bottom water temperature of 10°C
F 4. 10CREKRFH T AR EKESR
oS 4% RIS A 7K 33 2 (umol kg ™! day ™)
(m) pH=75 pH=76 pH=77 pH=78 pH=79 pH=8 pH=81 pH=82
1000 5.087 3.808 2.792 1.984 1.343 0.834 0.43 0.108
300 5.099 3.82 2.804 1.997 1.355 0.846 0.442 0.12
100 5.205 3.926 291 2.102 1.461 0.952 0.548 0.226
37 5.957 4.677 3.661 2.854 2.213 1.704 1.299 0.978
10 17.006 15.727 14.71 13.903 13.262 12.753 12.348 12.027
3.3. EARREER
FEHEIK BB (TA) AL BUE A LAl _E, MMV R R T IR A 0Q) 5, T
ATA, —ATA, )xM
— ( e AO ) x 10*6 (2)

t
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m/ M —— R A7 ST Fm L, 4 0.1% (m/m).

3.4. WBRANENFZN
1B E P A RIORG A AL 251 A AH [ VA A, U BN RO A R R A T2 R A R B)THERE, AT
d(t)=dy—2-k -Q-t 3)

e
d (¢) —— BSOS AORL ¢ B ZUIRRLAE SR K (m)s
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——IINBIRE A 2 0 H S B AR ), A R (days)s
Q—— WA 1 BE/RARA, HAE M 43.02 x 107° m® mol '
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X ine (1) = ————-x100% 4
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X
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m, —— R T INAIAE TR, B I (t);
a—— R VA A BV [T i R 8, UM 1.25
T, — WA NONTETRE S 58 ¢ R A FIAEEL, BN (year);

T —— MM N MR B8 i -1 I EE R RS, Mi= 10, 7, =0, BAN4R(year).
4. KBRS A SI = IE
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= 60 . s
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<
£ 10 R2=0.998
G ' ! ! J ' T T T T 7 T T T T T T T T T T T
o 2 4 6 8 10 0 2 4 6 8 10
time (days) time (days)

Figure 1. Temporal changes in alkalinity increment (a) and pH (b) in the olivine addition experimental group, compared to
the blank control without olivine
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