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a b s t r a c t

Nitrogen huff-n-puff (N2 HnP) appears to be an economical and high-efficiency enhanced oil recovery
(EOR) technique for tight oil reservoirs. There is however a lack of understanding of the pore-level EOR
performance of N2 HnP under tight reservoir conditions. In this work, a non-magnetic reactor was
created and combined with a nuclear magnetic resonance (NMR) device for real-time monitoring of oil
distribution in the HnP experiment. N2 HnP experiments were then performed in a tight sandstone core
sample at a temperature of 353 K and an injection pressure � 24 MPa. The pore-level oil distribution
under reservoir conditions was monitored and the EOR performance of N2 HnP in specific pores was
analyzed. The pore throat structures of the core sample and the phase behavior of the N2-oil systemwere
analyzed to elucidate the EOR mechanism of N2 HnP. An oil recovery factor of 37.52% can be achieved
after four cycles, which proves the EOR potential of N2 HnP for tight reservoirs. The highest recoveries
after N2 HnP are obtained in the large pores, followed by the medium pores, the small pores, and finally
the micro pores. Increases in soaking time and injection pressure resulted in slight and pronounced
increases in oil recovery, respectively, both of which are mainly reflected in the first cycle. Specifically,
increasing the soaking time only slightly improves the cumulative oil recovery in the small pores while
increasing the injection pressure significantly improves the cumulative oil recovery in the small, me-
dium, and large pores simultaneously. However, variations in both injection pressure and soaking time
have a negligible effect on the cumulative oil recovery of the micro pores.
© 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

The exploration and development of unconventional energy,
especially tight oil, has been stepped up worldwide (Feng et al.,
2020). Tight oil reservoirs are dominated by nano-scale pores,
which leads to extremely low permeability and high flow resistance
such as capillary force (Yu et al., 2015). Although technologies such
as horizontal wells have been developed, the recovery factor of
tight oil reservoirs is still not high (Song et al., 2020). An effective
EOR technology is needed to improve the ultimate tight oil recovery
(Dong et al., 2020a; Wang et al., 2018).

Recently, gas huff-n-puff (HnP) to improve tight oil recovery has
attracted widespread attention from scientists and engineers
y Elsevier B.V. on behalf of KeAi Co
(Burrows et al., 2020; Jia et al., 2016). The gas HnP method mainly
includes three main parts, namely the huff process, the soaking
process, and the puff process (Wan et al., 2018; Zhu et al., 2020). The
gases commonly used in the process of gas injection are CO2 and N2.
CO2 is characterized by lower minimum miscible pressure and
higher sweep efficiency (Song et al., 2021a). However, it is not
convenient to use CO2 in some cases due to the limited gas source
and strong corrosiveness. N2 is considered a cost-effective, non-
corrosive, and economic option for gas HnP research (Lu et al., 2017;
Yue et al., 2018).

Lots of scholars have studied the performance of gas HnP in
unconventional formations using numerical simulation (Wan and
Liu, 2018). Sheng et al. (2016) compared the EOR performance of
CH4, CO2, and N2 HnP in the Middle Bakken formation based on the
Computer Modeling Group (CMG). Zhang et al. (2018) proposed a
modified numerical model to investigate the CO2 HnP in a tight oil
mmunications Co. Ltd. This is an open access article under the CC BY-NC-ND license
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reservoir. The effects of phase behavior change and molecular
diffusion were considered in their model. Zuloaga et al. (2017)
compared the production performance of CO2 HnP and CO2 flood-
ing in the Bakken reservoir using a numerical compositional model
with multiple hydraulic fractures. Hamdi et al. (2018) evaluated the
lean and rich HnP in the Duvernay shale reservoir based on a
compositional numerical model. They found that the optimized
HnP has doubled the recovery factor compared to depletion
development in 20 years. Sun et al. (2019) proposed a numerical
model based on the CMG to analyze the CO2 HnP. Obviously, many
valuable insights have been gained through numerical simulation
research in terms of enhanced tight oil recovery by gas HnP.
However, unconventional reservoirs differ greatly from conven-
tional reservoirs, with various scales of fractures and significant
nanopore confinement effects. The accuracy of the current nu-
merical simulation results for unconventional reservoirs is doubt-
ful, and the conclusions of many simulations need to be verified
through indoor experiments.

The core scale experiment has always been regarded as themost
direct method to study the EOR performance of gas HnP in tight or
shale formations (Li et al., 2020). However, it is difficult to conduct
experimental studies due to the high cost of equipment and time
(Nguyen et al., 2018; Mahzari et al., 2021). Some researchers have
carried out the gas HnP experiment with pore-scale using the
weighing method. Yu et al. (2017) evaluated the production per-
formance of N2 continuous injection and N2 HnP in tight core
samples by recording weight changes at different development
stages. Li et al. (2018) studied the potential for extracting hydro-
carbons of CO2 HnP in Eagle Ford cores. They found that the weight
of the saturated oil core dropped from 128.16 g to 126.52 g after
seven HnP cycles, and the corresponding oil recovery factor was
67.97%. Zhu et al. (2020) investigated the recovery factors of CO2
HnP in tight cores with fractures under different injection pressures
and injection times by recording mass changes. Altawati et al.
(2021) conducted a cryogenic N2 HnP experiment and found that
the liquid N2 HnP technology can increase the tight oil recovery
factor to 78%, and increasing the injection pressure can further
increase the recovery factor. Based on the weighing method, the
huge potential of gas HnP to enhance the tight oil recovery has been
confirmed. However, the weighing method presents many short-
comings, such as large measurement error due to the big gap be-
tween the quality of the produced oil and the core; the pressure
must be reduced to atmospheric pressure in the huff stage; only the
change in oil recovery can be measured, and the remaining oil
distribution cannot be observed.

Nuclear magnetic resonance (NMR) technology can be used to
analyze the pore structure and fluid distribution characteristics by
measuring the magnitude of transverse relaxation time (T2). To
make up for the limitation of the weighing method, some recent
studies have focused on the application of NMR in gas injection
experiments (Huang et al., 2019; Dong et al., 2020a,b; Qian et al.,
2018). The changes in the NMR T2 time curves before and after
gas HnP could be analyzed to study the flow of movable fluids and
the distribution of remaining oil. Wan et al. (2018) carried out gas
HnP and waterflooding experiments to elucidate the EOR perfor-
mance in Xinjiang tight formations using the low-field NMR. The
results showed that oil production mainly occurred in the first few
cycles and in specific pores. Ma et al. (2019) studied the effect of
cycle numbers and production pressure on the effectiveness of CO2
HnP with the NMR technique. They found that macropores
contribute more to oil recovery compared to small ones. Bai et al.
(2019) performed CO2 HnP experiments with the NMR technique
in a tight core plug with artificial fractures to investigate the effects
of fractures on remaining oil distribution. The study found a 14%
increase in the ultimate recovery factor of the fractured core
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compared to the fractured-free core. Du et al. (2020) compared the
CO2 HnP and flooding in a tight reservoir. NMR T2 spectra and one-
dimensional NMR signal distributions were used to observe the
variation of oil saturation. In Wei et al. (2020)’ study, the mass
change between the matrix and fracture at different stages during
CO2 HnP was under surveillance by NMR technology. NMR T2
spectra and 2D longitudinal images of the core sample during the
experiments were recorded to understand the oil recovery dy-
namics in their study.

Due to the limitations of NMR equipment, most of the current
studies have been conducted under mild conditions. The NMR
signal is often measured at atmospheric pressure and room tem-
perature, which leads to errors in the measurement results. In fact,
online NMR devices have been previously developed that can
measure signals at high temperatures and pressures in real-time
(Song et al., 2022b). However, it is not suitable for HnP experi-
mental studies due to operational difficulties and lower data ac-
curacy. Therefore, new devices or methods need to be proposed to
accurately detect the NMR signal in HnP experiments. In addition,
few experimental studies have been conducted to investigate the
EOR capabilities of N2 HnP under tight oil reservoir conditions. It is
necessary to further clarify the EOR feasibility andmechanism of N2
HnP.

In this study, a non-magnetic reactor for HnP experiments was
developed and N2 HnP experiments were then performed on a tight
core sample. NMR T2 spectra and spatial distribution of 1D NMR
signals under reservoir conditions were recorded to observe the
variation in oil distribution. The pore throat structures of the core
sample and the phase behavior of the N2-oil systemwere analyzed
to elucidate the EOR mechanism of N2 HnP. The EOR potential and
feasibility of N2 HnP were discussed, specifically, the EOR perfor-
mances of N2 HnP in specific pores were analyzed at different cycle
numbers, soaking times, and injection pressures.
2. Experimental

2.1. Materials

A dead oil sample and a sandstone core plugwere collected from
a target area with a depth from 1639.1 to 1696.2 m in northeastern
China. The viscosity and density of the oil sample at a temperature
of 353 K and a pressure of 0.101 MPa were 3.15 mPa s and 815 kg/
m3, respectively. The molar composition of the deal oil sample was
measured and the results were presented in Section 3.2. The
diameter, length, porosity and permeability of the tight core plug
were 2.5 cm, 6.06 cm, 9.3442% and 0.0356 mD, respectively. To
accurately measure the oil signal, deuteroxide (D2O) was used to
saturate the core samples. The purity of N2 gas used in this work
was 99.99%.
2.2. Apparatus

Fig. 1 presents the schematic outline of the N2 HnP device. The
experimental setup consists mainly of an injection system, a pro-
duction system, and an NMR measurement system. D2O, oil and N2

are stored in separate containers and will be pumped into the
coreholder or non-magnetic reactor through a syringe pump. The
coreholder is used for fluid initialization rather than gas HnP ex-
periments. This non-magnetic reactor is specially made for HnP
experiments, with a maximum temperature resistance of 393.15 K
and pressure resistance of 40 MPa. The core sample in the reactor
can be scanned in any direction using a low-field NMR system to
measure the NMR signal. In the production system, a back-pressure
regulator is employed to control the outlet pressure.



Fig. 1. Schematic diagram of the N2 HnP device.

Fig. 2. Diagram of the core plug (a) and non-magnetic reactor (b).
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2.3. Procedures

(1) Sample preparation. The core plug was cleaned with petro-
leum ether for 21 days. Then, the core sample was dried for 2
days, followed by the permeability, porosity, and pore size
distribution (PSD) measurements.

(2) Fluid initialization. The core sample was dried for 2 days and
then placed into the coreholder to saturate the D2O at an
injection pressure of 20 MPa. Next, the oil was injected into
the core at the same injection pressure of 20 MPa until the
produced fluid no longer contained water. After that, the
outlet pressure was conditioned to 20 MPa, and the oil was
still pumped into the core plug until the system pressure
reaches 20 MPa for 2 days.

(3) HnP. The side of the oil-saturated core was wrapped with
heat-shrinkable film and placed in the reactor as shown in
Fig. 2. N2 was then injected into the reactor, and the injection
was stopped when the pressure rose to a pre-specified value.
2934
In this case, the core was surrounded by N2, and thus the
confining pressure was the same as the pressure at the ends
of the core. After soaking for a pre-specified time, puff pro-
duction was carried out at a back pressure of 15 MPa and
continued for 12 h.

(4) Change the experimental conditions and repeat the Steps
(1)e(3).

During the experiment, the system temperature was set to
353 K, and the NMR signals were recorded at set intervals. The
amplitude and relaxation rate of the NMR relaxation signal of fluids
in porous media were measured, and the collected signals were
mathematically converted into the T2 spectrum. The NMR T2
spectrum shows the percentage of different relaxation times. The T2
value is in proportion to the pore radius of the rock, i.e., larger pores
in the core present longer relaxation times. Therefore, the NMR T2
spectra could provide a direct reflection of the fluid distribution in
pores of different sizes.
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3. Results and discussion

Three N2 HnP experiments are conducted at different soaking
times and injection pressures to examine the feasibility and gov-
erning factors of N2 HnP. For comparability, the same core sample is
used for all experiments. The basic parameters for each test group
are given in Table 1.
Fig. 3. Pore size distribution measured by NMR relaxation and mercury intrusion.
3.1. Pore throat size distribution

The pore throat structure of tight reservoirs is difficult to be
described and the pore throat size distribution needs to be char-
acterized using a combination of different techniques. In this sec-
tion, the NMR signals of the core samples saturated with deionized
water are measured and combined with mercury-injection capil-
lary pressure data to reveal the pore size distribution of the core
sample. Fig. 3 shows a comparison between the pore size distri-
bution measured by NMR and mercury intrusion. They are in good
agreement in terms of morphology and magnitude. Because the
mercury intrusion cannot accurately characterize micro and small
pore distributions, the pore size distributions are poorlymatched in
the pore radius (r) less than 0.2 mm. Overall, the pore radius of this
core plug is mainly in the range of 0.004e1.000 mm, with a peak at
0.250 mm.

Subsequently, the dynamic changes of T2 spectra during N2 HnP
are used to analyze pore throat structure of the core sample. The T2
spectra under different stages during tests 1, 2 and 3 are given in
Fig. 4. The T2 spectra can be divided into two parts, small T2 region
(T2 < 4.55 ms, approximately corresponding to r < 0.022 mm) and
large T2 region (T2 > 4.55 ms, approximately corresponding to
r > 0.022 mm). The signal in the large T2 region is consistently
decreasing with increasing cycles. However, the signal in the small
T2 region is not continuously decreasing with increasing cycles, and
sometimes even increases. This could mean that the small T2 region
is primarily flow channels (throats), while the large T2 region is
primarily oil storage spaces (pores). There are two important rea-
sons to support the above conclusion. First, the T2 value is in pro-
portion to the pore throat radius of the rock, and scholars generally
refer to the narrow space between two open pores as the throat
(Kewen and Ning, 2008; Chen et al., 2019; Huang et al., 2020).
Second, some researchers have found that the pore-to-throat size
ratio of tight reservoirs in this area tends to be in the range of
50e600 (Xiao et al., 2017), which supports our analysis. Therefore,
the small T2 region and large T2 region may correspond to the
throat-majority region and pore-majority region, respectively. It
should be noted that the throat-majority region still contains pores
and the pore-majority region still contains throats. In addition,
there is no essential difference between throats and pores. To
analyze the variation of the remaining oil in pores of different radii,
the pore space is uniformly subdivided into four parts according to
the pore size and amount of saturated oil: micro pores
(4.55e24.09 ms, approximately corresponding to 0.022e0.115 mm),
small pores (24.09e55.43 ms, approximately corresponding to
0.115e0.264 mm), medium pores (55.43e116.23 ms, approximately
corresponding to 0.264e0.554 mm), and large pores (> 116.23 ms,
approximately corresponding to > 0.554 mm). The initial oil volume
in each pore part is equal.
Table 1
Basic parameters of N2 HnP.

Test Injection pressure, MPa Soaking time, h

1 24 12
2 24 24
3 28 12
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3.2. Phase behavior of N2-oil system

The molar composition of the deal oil sample is measured using
gas chromatography, the result is shown in Table 2. Then, the phase
behavior of the N2-oil system is simulated using the two-phase
flash model developed by Song et al. (2021b, 2022a). To improve
the accuracy of the calculations, the model for flash calculation is
optimized using the viscosity and density data of the oil sample at
353 K and 0.101MPa. The molar compositions and properties of the
oil phase and gas phase after N2 injection at 24 and 28 MPa,
respectively, are calculated as shown in Table 2. The amount of
injected N2 is sufficient, accounting for 2/3 of the total moles. The
result shows that a large amount of N2 can dissolve in the oil phase
and reduce its density, but it has no significant effect on the vis-
cosity of the oil phase. As the pressure increases, the solubility of N2
increases. In addition, lighter components of the oil such as
pentane, hexane and heptane enter the gas phase. In the puff state,
these substances will be released along with the nitrogen as the
pressure drops, resulting in an increase in the molecular weight of
the remaining oil. This could explain why the T2 spectral curve is
shifted to the left after the N2 HnP. As shown in Fig. 4, the amplitude
of T2 drops to zero in the range of 300e450 ms, making the T2
spectral curve appear to be shifted to the left. This is since the T2
value is not only related to the pore size but also to the properties of
the fluid. The lighter components in the oil are extracted at the end
of the N2 HnP, causing the remaining oil to become heavier and the
T2 spectrum to shift to the left by a small amount. In this case, the
conversion factor between the T2 value and the pore size changes
slightly. However, we could still use the T2 spectrum to analyze the
remaining oil distribution as the experiments are conducted with
dead oil and the extraction effect is not obvious. If there are many
light components in the oil sample and the extraction effect is
strong, the T2 spectrum may need to be corrected before it can be
employed.
3.3. EOR capability

The overall NMR signal is in proportion to the oil quality in the
Temperature, K Back pressure, MPa Total cycle

353 15 4
353 15 4
353 15 4



Fig. 4. T2 spectra under different stages during tests 1, 2 and 3.
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core, so the oil recovery factor could be determined by the area
difference of the T2 spectra in different stages. The oil recovery of N2
HnP is calculated based upon the variation of the T2 spectra in Fig. 4,
and the result is shown in Fig. 5. For test 1, the cumulative oil re-
covery after 4 cycles is 31.85%. This means that a considerable
amount of oil has been produced, which demonstrates the potential
of N2 HnP to enhance the tight oil recovery. The oil recoveries for
2936
the first, second, third, and fourth cycles are 23.54%, 6.98%, 1.10%,
and 0.23%, respectively. Thus, the first cycle presents the highest oil
recovery. The recovery decreased rapidly with the increase in cycle
number, and the third and fourth cycles contribute very little to the
recovery factor. There are three main reasons for this. First, the oil
saturation becomes lower and the continuity of the oil phase be-
comes worse, which leads to an increase in flow resistance. Second,
most of the oil from the high permeability areas has been recovered
in the first cycle. Third, the lighter components in the oil are
extracted by N2, causing the remaining oil to become heavier.
Therefore, the oil recovered in the subsequent cycles gradually
decreases, and two cycles are recommended for N2 HnP.

The cumulative oil recovery increases slightly from 31.85% to
32.48%when the soaking time is increased from 12 to 24 h. It seems
that increasing the soaking time is beneficial to the improvement of
oil recovery due to the more adequate contact between N2 and
crude oil. However, the cumulative oil recovery after the second
and third cycles at the long soaking time is lower than that at the
short soaking time. This is because the oil produced in the second
cycle of long soaking time is significantly less than that of short
soaking time. Therefore, increasing the soaking time is not neces-
sarily beneficial for N2 to improve tight oil recovery. The cumulative
oil recovery increases significantly from 31.85% to 37.52% when the
injection pressure increases by 4 MPa. Besides, the cumulative oil
recovery at 28 MPa is higher in all the cycles. Therefore, increasing
the injection pressure is beneficial for N2 to improve tight oil re-
covery. An important reason is that the solubility of N2 in the oil
increases and the extraction effect is stronger when the pressure of
the system is increased, as shown in Table 2. Overall, the oil re-
covery can be improved by increasing the soaking time and injec-
tion pressure, but the injection pressure presents a greater effect
than the soaking time; the injection pressure or gas injection vol-
ume should be appropriately increased during N2 HnP for EOR.

Here, a 1D spatial frequency coding sequence is adopted to
measure the signal intensity along with different profiles of the
core plug under different stages. The shift in signal intensity could
represent the change in oil saturation during the development
process. Take test 1 as an example (Fig. 6), almost no crude oil can
be recovered in the third and fourth cycles, which is in accordance
with the conclusion drawn from the T2 spectrum. In addition, the
oil saturation changes at different locations of the core plug are
about the same in each cycle, which may imply that a uniform
development of N2 HnP has been achieved along the axial direction.
There are two main reasons for this: firstly, the pressure conditions
at both ends of the core are identical to amplify the recovery gap
between the experimental groups; Secondly, the 1D spatial fre-
quency coding sequence can only capture signals with longer
relaxation times, reflecting mainly oil saturation changes in the
larger pores.

3.4. EOR Performance in different pores

The oil recovery of different pores under different cycles of test 1
is illustrated in Fig. 7. The recovery in throats isn’t discussed here
due to the small amount of oil stored in throats. After 4 cycles, the
crude oil recovery of 13.26%, 19.23%, 33.11% and 60.51% for micro,
small, medium, and large pores, respectively, indicate that the oil
from large and medium pores is mainly produced after N2 HnP.
Noted that oil in large pores contributes most to the total recovery
in first cycle, however, the oil in micro pores makes the largest
contribution to the total recovery in the subsequent cycles. In first
cycle, N2 gas flows mainly via the thief channels, which corre-
spondingly leads to a considerable oil recovery in the large pores.
Thereafter, oil from the easily accessible areas has been extracted.
In later cycles, N2 gas enters relatively small and micro pores to



Table 2
Fluid molar composition and properties at 353 K.

Parameter Dead oil at 24 MPa With N2 injection at 24 MPa With N2 injection at 28 MPa

Oil phase Gas phase Oil phase Gas phase

Molar composition, mol% N2 0 33.928 99.859 37.618 99.851
C5H12 0.312 0.186 0.021 0.177 0.021
C6H14 0.257 0.160 0.010 0.152 0.010
C7H16 1.179 0.754 0.027 0.713 0.028
C8H18 2.385 1.548 0.032 1.461 0.034
C9H20 2.710 1.775 0.020 1.675 0.022
C10H22 3.185 2.096 0.013 1.978 0.014
C11H24 3.252 2.146 0.008 2.026 0.009
C12H26 3.442 2.275 0.004 2.147 0.005
C13H28 3.862 2.555 0.003 2.412 0.003
C14H30 3.659 2.421 0.001 2.286 0.002
C15H32 3.781 2.503 0.001 2.363 0.001
C16H34 2.900 1.920 0.000 1.813 0.000
C17H36 2.426 1.606 0.000 1.516 0.000
C18H38 2.277 1.507 0.000 1.423 0.000
C19H40 2.155 1.427 0.000 1.347 0.000
C20þ 62.217 41.194 0.000 33.133 0.000

Density, kg/m3 825.464 813.808 213.212 813.71 243.326
Viscosity, mPa s 3.484 3.622 0.028 3.647 0.031

Fig. 5. Cumulative and cyclic oil recovery under different cycles of tests 1, 2, and 3.

Fig. 6. NMR signal along core plug under different stages of test 1.
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extract the hard-to-flow oil. This may also explainwhy the recovery
decreases rapidly with the increasing number of cycles.

Fig. 8 presents the oil recovery of different pores under different
cycles for test 2. For the first cycle, the oil recoveries of micro and
small pores increase from 2.37% and 11.53% to 15.82% and 18.40%,
respectively; however, the oil recoveries of medium and large pores
decrease from 29.07% and 54.07% to 25.28% and 40.82%, respec-
tively. In the first cycle, more N2 enters the smaller pores and the N2
in the larger pores is relatively reduced as the soak time increases.
This results in increased and decreased oil recovery of the smaller
and larger pores in the first cycle, respectively. However, the vari-
ation in soaking time has a minor effect on the cumulative oil re-
covery after four cycles for micro, medium, and large pores, with
the only slight increase in cumulative oil recovery for the small
pores. This indicates that the amount of oil that can be recovered
with a given injection of N2 is stable and does not change signifi-
cantly with increasing soaking time, and the early production of oil
in the micro and small pores increases the difficulty of develop-
ment in the second cycle. This is the reason why the oil recovery in



Fig. 7. Oil recovery of different pores for test 1.

Fig. 8. Oil recovery of different pores for test 2.

Fig. 9. Oil recovery of different pores for test 3.
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the second cycle decreases when the soaking time increases.
The cumulative and cyclic oil recovery of different pores under

different cycles for test 3 is given in Fig. 9. The results show that
after increasing the injection pressure by 4 MPa, the cumulative oil
recoveries of small, medium, and large pores are all significantly
improved. The difference is that the recovery factor is increased for
each cycle in small pores, increased for the first and second cycles
and slightly decreased for the third and fourth cycles in the me-
dium and large pores. Interestingly, increasing the injection pres-
sure presents no obvious effect on the oil recovery of micro pores.
For instance, the oil recovery in the third cycle increases slightly
from 11.37% to 14.93%, while the oil recovery in the fourth cycle
decreases slightly from 13.26% to 11.18%. This is because the
increased pressure makes it easier for gas to flow along the high
permeability channel. In this case, the N2 gas is mainly stored in the
larger pores. Although the amount of injected N2 has increased, the
N2 in the micro pores may not increase. Therefore, increasing the
injection pressure results in a significant increase in the oil recovery
factor of the large, medium, and small pores, but present no
apparent effect on the recovery factor of the micro pores.

4. Conclusions

In this work, a non-magnetic reactor, with a maximum tem-
perature resistance of 393.15 K and pressure resistance of 40 MPa,
was developed and combined with NMR equipment for N2 HnP
experiments. The EOR performance and governing factor of N2 HnP
in specific pores were analyzed at different cycle numbers, soaking
times, and injection pressures. The main findings and conclusions
of this paper can be drawn:

(1) The cumulative oil recovery after four cycles can reach
37.52%, which demonstrates the potential of N2 HnP to
recover tight oil. The first cycle presents the highest oil re-
covery. The oil recovery decreases rapidly with the increase
in cycle number, and the third and fourth cycles contribute
very little to the recovery factor. Two cycles are recom-
mended for N2 HnP.

(2) The pore space is uniformly subdivided into four parts ac-
cording to pore size and amount of saturated oil: micro,
small, medium, and large pores. The highest recoveries after
N2 HnP are obtained in the large pores (57%e67%), followed
by the medium pores (33%e39%), the small pores (19%e26%)
and finally the micro pores (11%e15%).

(3) Increasing the soaking time (10 h/20 h) slightly improves
the oil recovery (0.63%), and the effectiveness is mainly re-
flected in the first cycle. An increase in soaking time can
improve the oil recoveries of the micro and small pores and
reduce the oil recoveries of the medium and large pores in
the first cycle. However, the change in soaking time had no
significant effect on the cumulative oil recoveries after four
cycles in micro, medium, and large pores, with only a slight
increase in cumulative oil recovery in the small pores.

(4) Increasing the injection pressure (24 MPa/28 MPa) signif-
icantly increases the oil recovery (5.67%), and the effective-
ness is mainly seen in the first cycle. An increase in injection
pressure can increase the oil recoveries of small, medium,
and large pores, but presents no obvious effect on the re-
covery factor of micro pores.

(5) NMR T2 spectra and flash calculation results indicate disso-
lution and extraction effects are important for N2 HnP EOR.
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