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Research on dry ice sublimation gas phase injection technology
CHEN Xingming', LIU Fangzhi®

(1. Research Institute of Exploration and Development, Sinopec East China Oil & Gas Company, Nanjing, Jiangsu 210019,
China; 2. Sinopec East China Petroleum Bureau Liquid Carbon Company, Taizhou, Jiangsu 225300, China)

Abstract: CO, flooding is an important component of carbon capture, utilization, and storage (CCUS), effectively improving crude oil
recovery and CO, storage rates. However, conventional liquid CO, transportation and injection technologies face problems such as strong
geographical limitations, long transportation distances, and difficulties in source—sink matching, especially in remote oilfields, leading to
rising transportation costs and reduced flooding efficiency. Therefore, it is urgent to develop new low—cost CO, transportation and injection
technologies. By systematically studying the fundamental principles and process characteristics of dry ice (solid CO,) sublimation, a dry ice
sublimation gas phase injection process was developed, centered on “dry ice transportation, sublimation reaction, heating and temperature
regulation, compression and pressurization, and injection system”. Additionally, technical and economic feasibility evaluations were
conducted, and a field test was carried out in well H1P2, Hongzhuang Oilfield, Qintong Sag, Subei Basin. The research results showed that
the dry ice sublimation gas phase injection technology could realize efficient conversion of dry ice to gas—phase CO, at temperatures below
35 °C. The pressure was increased from 0.1 MPa to the injection pressure through multi-stage compression, and then it was injected into oil
wells for huff and puff to enhance oil production, demonstrating technical feasibility. The economic break—even transportation distance for
traditional liquid CO, injection and dry ice sublimation gas phase injection technology was 636.82 km. Compared with liquid CO, injection
technology, an average of 20 kWh of energy consumption per ton of dry ice injected could be saved, resulting in good economic benefits. Well
H1P2 sublimated a total of 60 t of dry ice, cumulatively injecting 30 456 m’ of gas—phase CO,. The comprehensive water cut decreased from

95% to 78%, and the daily oil production increased from 0.60 t to a maximum of 3.08 t, achieving efficient utilization and geological storage
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of CO,. The dry ice sublimation gas phase injection technology fundamentally addresses the limitations of liquid CO,, such as restricted
transportation distance, poor regional adaptability, and high difficulty in source—sink matching. Next, by controlling the sublimation rate,
optimizing energy utilization, and improving economic efficiency, the application scope of CCUS technology can be expanded, and the large—

scale deployment and application of CCUS technology can be further realized, thereby providing important support for achieving the goal of

carbon neutrality and green low—carbon development.

Keywords: dry ice sublimation; gas phase injection; CO, flooding; process technology; phase transition theory
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distribution of CO,



696 WRM6H, 45 T UK SR T T 2 AR BT

2026 4F
FleE H3W

®1 CO,mMiESH (S % LMk [2211E%)
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from reference[22])
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Table 2 Characteristics of dry ice at different temperatures
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Fig. 2 Flowchart of dry ice sublimation gas phase injection process
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Table 3 Parameter summary
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Fig. 3 Schematic diagram of dry ice sublimation reactor structure and injection process flowchart
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Fig. 4 Dry ice sublimation reactor

LRI R G R UG T e GRE 5 - — 2
0.10 MPa Ft % 0.40 MPa, — 2% 0.40 MPa - 2 1.20 MPa,
=%t 1.20 MPa I £ 3.60 MPa, U %% 11 3.60 MPa J
2 6.30 MPa) 19 45 75 =X, % CO, R T3 $2 T+ 2 75 1) &
R 1o B HIRT = TR R IR T CO, MG % T
7.38 MPa, [F] AR Of B s 40 3 A2 rh il B 1 T COoa I Uit
FE31.1 °CL R COMRAATRAE ., ZH)RAHEEH
AT AT AR R AR DIAE , B2 RAER%

RGP T A BRI I T S8 R 4R L
HEH R 5 R 7 CO3 GV E1 4 it il B 5 R
R Gt U W e AR A ) R4 T SRS W 5 P S L AR
W RG LR E BT .

3 PR I AR

3.1 FikAELSHEEITIZHNE S

A& G CO, FIEH AR L, ZF AR B A LUT
g

1) fiff Pz B HERR : T VKaz i s iy M s R
T T T I b X VDT X B V- 5 S5 0 R R R A
I HTBAH CO, M5 o B X ia i R B A HoK B s i A
AT O AR T 8RR ST sy 7 2. WA
CO, K IR iz iy TR 0 dis i, 1 4 Tk O
1.560 g/em® )15+ 60 t, (RFZ N 38.5 m*; 1 A AH CO, (%
BE1.178 gfem®) i H 25 AR FRZ S 21.2 m’ . 7EFRALIRES
T, 1 m® Tk Al FHEZ) 800 m* S A CO,5 1 m? WA CO, 7]
AL 600 m* A CO,. SRS 1 BT kTR
IS5 CO, 290 1 2230 CO, AL TR B I 2.4 f5 . 1E
T VKA SO S T B AR AR T R v AU &

FALAE 3HR ) < ORI B A i A (R 42 LK
TEARM A (AR AT A IHD A4S i OA T 3 A
N A = BRI B BAS +12 i Sl A + s T Al
A A SEL R 4 (B EE SRR M X RS2
PR3 HIRIHE) o

Fz4 2WEFFRARMAITLE

Table 4 Cost comparison of two injection techniques
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Fig.5 Economic evaluation chart of dry ice sublimation gas

phase injection technology
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Table 5 Cost comparison of two injection technologies in Dunhuang oil area, Qinghai oilfield
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Table 6 Experimental data of dry ice sublimation gas phase injection process
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Fig. 6  Construction site of dry ice sublimation gas phase

injection technology
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