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Scanning electron microscopy.

Scanning electron microscopy can now produce high-resolution surface
images, which are powerful tools for analyzing the structure of materials.
Many software programs have been used by scientists to interpret
scanning electron microscopy images to accurately interpret material
structures. The collected images are a rich source of information on
factors such as porosity, size, and shape of the grain structure, and these
factors are visually interpreted. Additional quantitative data can be
accessed through image analysis applications. The research team used
backscattered electron (BSE) images, collected from polished cross-
sections of five sandstone samples from different areas, including two
sandstone samples from Bach Ho field and three samples from sandstone
formations along national highways in Lang Son and Bac Giang. Scanned
electron images were collected on FEI's Quanta450 device, processed in
grids using image analysis software (Image]). The results of porosity
interpretation were compared with the Helium expansion method on
Corelab equipment at the Center for Analysis and High-Tech Experiments
- Hanoi University of Mining and Geology, thereby determining the
correlation between the two methods and demonstrating the superiority
of the SEM image interpretation method in estimating nano porosity
compared to other methods.
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Nghién cru tng dung phwong phap xac dinh d6 rong cua vat
liéu tir &nh chup hién vi dién t& quét

Nguyén Hiru Hiép*, Trinh Thé Lwc, Bui Hoang Bac

Trwong Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT

ud trinh: , o omea o a1 , G tian LA ..
Q Kinh hién vi dién ti quét hién cé thé'tao ra dnh bé mdt véi dd phdn gidi cao

N7hén bai 26/02/2025 la ‘céng cu hitu hiéu trong viéc phdn tich gd’u triic cda vit lg'éu. Nhiéu phc“m
Stra xong 12/5/2025 mém dd duoc cdc nha khoa hoc str dung dé phan tich dnh hién vi dién tir quét
Chap nhan dang 19/5/2025 cho ra cdc két qud vé cdu triic dang tin cdy. Hinh dnh dwoc thu thdp la ngudn
Tir khoa: thong tin phong phti vé cdc yéu t6 nhw dj rong (tinh x0p) kich thuéc, hinh

dang cdu tric hat dwoc dien gidi truc quan. Co thé truy cdp div liéu dinh
Iwrong b6 sung thong qua ttng dung phdn tich hinh dnh. Nhém nghlen clvu st
dung hinh dnh dién t tdn xa nguoc [BSE) thu thdp tir mdt cdt ngang dwoc
ddnh bong ctia nam mdu cdt két tai nhiéu khu vurc khdc nhau trong dé 2 mdu
cdt két ciua mé Bach H6 va 3 mdu tir cdc thanh hé cdt két ven qudc 16 thudc
Lang Son, Bdc Giang. Anh dién tir quét duwoc thu thap trén thiét bi Quanta450
cua hdng FEI, dwgc xtr Iy theo luci bdng phdn mém phan tich hinh dnh
(Image]). Két qud minh gidi d6 réng dworc so sdnh véi phirong phdp gidn khi
Helium trén thiét bi ctia hang Corelab tai Trung tdm Phan tich, Thi nghiém
Cong nghé cao - Truong Dai hoc M6 - Dia chat tir do xdc dinh dwoc tirong
quan gitta hai pero'ng phdp va thé hién duwoc khd nang vuot troi cla
phu'o'ng phdp minh gidi dnh SEM véi wéc lwong d6 réng & cdp dé nano so
V&i cdc phwong phdp khdc.

Anh hién vi dién tr quét,
Cat két,

Do rong,

Hé vi 16 rong,

Thach vatly.
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1. M¢é dau

DO rong 1a mot trong cAc tinh chat thach vatly
clia d4t d4 ciing nhw ctia vat liéu. Kich thwéc 16 rong
1a thong s6 dic trung cho dwong kinh hodc kich
thwérc dic trung cda cac khoang trong gitra cac vat
liéu ran va c6 thé dwoc xac dinh theo nhiéu phwong
phap khac nhau (Paul Glover, 2021) bao gom: phép
do dd rong thiy ngan xam nhap, gian khi Helium,
phan tich hinh 4nh va chup cit 16p vi tinh,... mbi
phwong phap déu cung cap théng tin chi tiét vé kich
thudc, sw phan bd va kha ning két ndi ciia 16 rong.
Néu phin chia theo phwong thirc do dac thi c6 thé
chia cac phwong phap xac dinh do rong theo 3 loai:
xac dinh truc tiép (thdy ngin xam nhip, gidn khi
Helium,...); phan tich hinh anh (CT scan, kinh hién
vi, SEM, TEM,,...); do dia vat ly giéng khoan.

D6i véi mbi nganh khoa hoc khac nhau lai st
dung mdét phwong phap phu hop véi muc tiéu
nghién ctru cia nhanh nghién ctru d6. Nhw cac nha
dia chat dau khi st dung dic tinh rong thim dé
danh gia kha nang chira, chan kha niang sinh va khai
thac dau khi cta cac tip tram tich trong hé théng
dau khi do d6 phwong phap téi wu d€ do d6 tham la
gian khi Helium (Yangfan va nnk, 2015; Man va
nnk, 2021) . B6i véi chuyén nganh y sinh phwong
phap CT scan dwoc st dung dé danh gia mat do
xwong va cac khuyét tit néu cé (Palacio-Mancheno
va nnk,, 2014). Véi chuyén nganh nghién ctru vat
liéu dd rong dwoc xac dinh qua phan tich hinh anh
hién vi hodc hién vi phan cuc (SEM) (Marin, 2017).

Phwong phap minh giai hinh anh dién tr quét
SEM (TEM) (Echlin, 2005) tao ra mot buwéc dot pha
trong viéc nghién ctru vi ciu truc cling nhw vi 16
rong ctia vat liéu ma cac phwong phap khac khong
thé xac dinh dwoc. Véi nhimg phwong phap xac
dinh tryc tiép nhw thiy ngin xam nhép, gian khi
Helium chi xac dinh dwoc cac16 rong lién thong, cac
bao thé hay 16 rong khong lién thong khong dwoc
xac dinh. Vé&i nhirng phwong phap vatly (CT scan,
No tron,...) lai han ché vé dai do ttr mm - micron.

2. Phwong phap phan tich va mau

2.1. Mdu

05 mau cat két va cat pha sét tai nhiéu khu vurc
khac nhau trong d6 2 mau cat két ctia moé Bach H6
va 3 mAu tir cAc thanh hé ven quéc 16 thudc Lang
Son, Bac Giang dugrc gia cong khoan rit 16i voi lwdi
khoan 1 inch tao thanh mAu 16i hinh tru véi dudong

kinh 1 inch dé phan tich d6 rong theo phwong phap
gian khi Helium. M4u sau dé dwoc cit mot miéng
nhé 1am mAu mit cit. MAu nay dwoc gia cong danh
bong bé mat, siy kho, pht carbon bé méat dé phan
tich hién vi dién t&r quét SEM tai Trung tim Phin
tich, Thi nghiém Cong nghé cao - Trwong Pai hoc
MO0 - Dia chat.

2.2. Phwong phdp phan tich

Hai phwong phap do do rong: phwong phap
gidan khi Helium va phwong phap minh giai anh
hién vi dién tir quét SEM dwoc str dung dé xac dinh
dd rong ctia 5 mau cat két tai cic viing khac nhau
cac thanh hé dia chat khac nhau trong dé c6 1 mau
cat pha sét dé c6 thé so sinh dugc sw khac biét gitra
cac phwong phap. Ca hai phwong phap déu dwoc
nhom tac gia thwe hién tai Trung tam Phan tich, Thi
nghiém Cong nghé cao - Trwdng Pai hoc M4 - bia
chit.

Phwong phap gian khi Helium (Paul Glover,
2021): dya trén dinh luat khi ly twdng, hay ding
hon 1a dinh luat Boyle. Mau 16i hinh tru dwoc niém
phong trong mdt cdc mau cé thé tich da biét Vi & ap
suat khi quyén P; (Hinh 1).

Gas inlet

e — — —

Test Sample

(B)
Hinh 1. A: So' db cdu tao; B: thiét bi xdc dinh dé
réna Pore 200 - Corelab.
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C6c mau nay duoc ndi bang mot van véi mot
coc thue nghiém c6 thé tich da biét, V, (tao thanh 1
hé kin), chtra khi & ap suit da biét, P,. Khi van noi
hai thé tich dwoc mé tir tir d€ hé théng duy tri ding
nhiét, 4p suit khi trong hai thé tich bang védi Ps. Gia
tri clia 4p suit cAn bang c6 thé dwoc sir dung dé tinh
thé tich hat (thé tich chat xit) trong da V. Dinh luét
Boyle néu rang 4p suit nhan véi thé tich déi voi
mot hé kin 12 hang s6. Do dd, chung ta c6 thé viét PV
cho hé théng trwdc khi van dwgc mé (bén trai cia
cong thirc (1) va dit n6 bang PV ddi v6i hé thong
can bang (bén phai ctia cong thitc (1)):

Pl(vl = Vs) + PZVZ = P3(V1 + VZ = Vs) (1)
Xéc dinh thé tich hat V
v :P1V1+P2V2—P3(V1_V2)
’ (P — P3)

Phwong phap phan tich anh hién vi dién t
quét. Anh hién vi dién tir quét SEM duoc chup véi
nhieu do phéng dai khac nhau bing thiét bi
Quanta450 ctia hang Fei (Hinh 2). Anh hién vi dién
ti quét dugce thu thip trén ciing mot diéu kién ap
sudt chan khong cao vé&i do phong dai lan lwot 30 -
50 - 120 - 1.000 - 5.000 lan; Mttc nang lwong st
dung: 20.0 Kv; Pau do: CBS. Anh hién vi dién ti
quét SEM dwoc xtr ly trén phin mém Image]
chuyén déi cac diém anh theo thang d6 xam 8 bit,

(2)

(A)
k!
File Edit Image Process Analyze Plugins Window Help
B o glol/«®/NAlolold] > /s~ | | |»
4 1_002.4if (104%) — m] hd
31.03x28.58 cm (1024x943) RGE; 3.7MB

(B)

Hinh 2. A: Kinh hién vi dién tir quét Quanta4.50.
B:Phdn mém minh gidi dnh.

thang do xam c6 gia tri nguyén tir 0 dén 255. Nhin
dién vuing t6i viing triing trén anh ciing nhw nhitng
vung phan xa manh do sang cao. Pat gia tri ngwéng
dd xam cho dd rong theo hinh anh truc quan trén
phan mém. Pd réng duoc 14y tir cac diém anh toi
theo ngwdng nay. Sau dé, hinh anh dwoc quét dé
tim cac diém anh t6i. Khi tim thdy mot di€ém anh, tt
ca cac di€ém anh t6i lién ké dwoc danh d4u 1216 rong.
L rong c6 thé c6 bat ky hinh dang nao va khéng chi
gi®i han & mot 16 tron. Dién tich 16 rong duwoc xac
dinh bang cach dém s& diém anh trong mot ving.
Kich thwéc 16 rong dwoc xac dinh 12 dién tich pixel
duoc quét.

Ddnh gid do chinh xdc cua phwong phdp phdn

tich dnh hién vi dién tir quét

DEé danh gia do chinh xac ctia phwong phap

nhém da xac dinh do réng ctia mau BH18 véi 6 anh
dién tir quét khac nhau véi cing diéu kién do dwoc
trinh bay trén. Két qua dworc trinh bay trén Hinh 3
va Bang 1.

Panh gia do chinh xac cia phwong phap phan

tich &nh SEM

Gia tri trung binh:
1 oxi
Mean (W) = %= 8,615

Khoang gia tri (range):
Range = Max - Min=1,79

Hinh 3. Két qud phan tich dé réng ciia mdu BH18
vé&i 6 anh khdc nhau (1, ILIILIV,V,IV).
Bdng 1. Két qud phan tich d6 réng dnh SEM ctia

mdu BH18.
TT Sample ID D6 rong (%)
1 I 9.64
2 11 7.85
3 111 8.41
4 vV 8.51
5 V 8.81
6 VI 8.47
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Phwong sai (variance):

n .
o? :—Z =1 (¥I7"2

n
02=0,2913
Do 1éch chuin:
SD=v02=0,54
Hé s6 bién thién:
CV = (+-)*100% = 6,27
C6 thé thdy rang voi hé s6 bién thién 6,27 cho
thiy mirc d6 dao dong twong déi thip so vai gia tri
trung binh. Phdn anh d6 6n dinh ctia phwong phap
cao. Vi gia tri SD = 0,54 cho thdy d6 chum rit cao.
Khodng gia tri hep so véi gia tri trung binh thé hién
dit liéu tap trung cia phwong phap do. Ttr cac danh

gia trén co6 thé nhin thiy phwong phap phan tich
anh hién vi dién t& quét phtt hop dé€ minh giai do
rong cua cat két véi mau twong doi dong nhit.

3.Kétqua

3.1. Py réng theo phwong phdp minh gidi dnh
hién vi dién tir quét

MAu dwoc mai bong sau d6 dwoc phu carbon
bé mit dé phan tich anh hién vi dién tir quét SEM.
Do rong duoc xac dinh tir viéc minh giai anh hién vi
dién ttr quét bang phan mém Image].

Két qua phan tich do rong clia 5 mau cat két
dworc trinh bay trén Hinh 4.

MAu BH18: 8,47%
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Mau BG.303: 11,87%

Hinh 4. Minh gidi dé réng trén dnh SEM: 1: dnh géc; 2: nhdn dién 16 réng; 3: Két qud minh gidi.

3.2. Dé réng theo phwong phdp gidn khi Helium

Mau 16i hinh tru dwoc siy kho trong 3 ngay tai
nhiét do 56+60°C sau d6 do d6 rong theo phwong
phép gidn khi Helium trén thiét bi Pore - 200. Két
qua phan tich d6 rong dwoc tinh todn x4c dinh va
thé& hién trén Hinh 5.

3.3. So sdnh két qua phdan tich dé réng

Tir két qua so sanh d6 réng mau ctia 2 phwong
phap trén Bang 2 va Hinh 6 cho thdy do rong ti
phwong phap minh gidi anh hién vi dién tr quét

SEM c6 xu huémng cao hon so véi do do rong bang
phwong phap gian khi Helium.

C6 thé xac dinh ham twong quan gitra dd rong
theo phwong phap gian khi Helium va phwong
phap minh giai anh hién vi dién tir quét theo cong
thirc sau:

y=0,9337x+ 0,0636

4. Thao luan

4.1. Ung dung ciia hai phwong phdp xdc dinh dé
rong

Bdng 2. So sdnh két qud phdn tich dé réng ctia hai phwong phdp.

TT MAau Do rong theo PP phan | Do rong theo PP gian khi
tich anh SEM (%) Helium (%)
1 DLR-055.233 14.58 14.241
2 DT-D5.LS.002 10.22 9.649
3 BG.303 11.87 9.812
4 BH40 11.75 11.351
5 BH18 8.439 8.357
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Calibration Table
Reference | Expanded pOfG/VG

Disc Volume Pressure | Pressure P1/P2 0

No. cc psig (P1) | psig(P2) &

empty 0 101.8 159 6.402516 30

1 1.599 101.8 16.3 6.245309 %

2 4821 101.8 172 5.918605 © 20

3 6.426 101.8 17.7 5.751412 o 15

4 9.658 101.8 18.8 5.414894 10

s 16.083 1018 314 1757009 ; y=-0.0133¢-0.0674x2 - 7.7346x + 55.745

541 17.682 101.8 22 4.585586 0

513 22.509 101.8 25.2 4.039683 0000000 1000000 2000000 3000000 4.000000 5.000000  6.000000  7.000000
5+ 25.741 101.8 21.7 3.675090 P1/P2

5+4+3 32.167 101.8 34.9 2.916905

5T4+3+2 36.987 101.8 43.1 2.361949

Sample ID D r L P1 P2 Vb P1/P2 Vg | V.gsample Vr Phi
DT-05.BG.404| 233 11.9 13.72 103.8 43.1 ]6.100672088 | 2.408 | 35932 5.370 0.730 | 11.973
DLR-055.233 | 2482 1241 18.98 103.7 41.6 |9.178451537| 2493 | 35211 7.871 1307 | 14.241
DT-D5.LS.002) 2387 | 11.935 23.05 103.7 413 110.30968567| 2511 | 35.056 9315 0.995 9.649
BG.303 236 11.8 23.24 103.7 443 ]10.16084406| 2341 | 36.504 9.164 0.997 9.812

BH40 2271 | 11355 34.77 101.8 36.5 |14.07695155| 2.789 | 33.383 12.479 1.598 | 11351

BH18 2273 | 11.365 3572 101.8 33.1 |14.48705065| 3.076 | 30.958 13.276 1211 3.357

Hinh 5. Két qud phén tich dé réng gidn khi Helium véi thiét bi Pore-200 (A: Bdng théng s6 hiéu chudn
thiét bi; B: biéu do6 hiéu chudn; C: Két quad do).

Tir két qua phan tich d6 rong ctia hai phwong

phap cho thdy do rong dwgc tinh theo phwong
phap minh giai dnh hién vi dién tr quét thuwomg lon
hon so v&i do rong theo phwong phap gidn khi
Helium. D€ giai thich cho sw khac biét trén theo tip
thé tac gia d6 1a sw khac biét ctia loai d rong do cho
moi phwong phap. V6i phwong phap gin khi

PP gian khi Helium

16
14 -
12 5
10 oo

8 -

. y =0.9337x +0.0636

R? = 0.8834

4

2

0

0 5 10 15 20

PP phan tich anh SEM

Hinh 6. Biéu dd twong quan dé réng cdt két theo 2
phwong phdp: Truc hoanh (x): D6 réng theo PP
phan tich dnh SEM ; Truc tung (y): P réng theo

PP gidn khi Helium.

Helium d6 rong dwoc xac dinh 12 d rong hiéu dung
titc toan bo hé 16 rong lién thong clia mau. Trong
khi phwong phap minh giai anh dién tir quét SEM
xac dinh d6 rong tong: hé 16 rong lién thong va hé
16 rong khong lién thong. L6 rong khong lién thong
c6 thé 1a cac bao thé kin, dd rong trong hat,... cac 16
rong nay khong két ndi vi mang 16 rong chinh c6
thé thiy trén Hinh 7.

Phuwong phap minh giai anh hién vi dién tir
quét (SEM,TEM) la giai phap hiéu qua dé nghién
ctru vi cu truc va 1o rong & cap do nano dén micron
dac biét tdi wu cho cic nghién ctvu vat liéu xay dung,
dia chit, va vat liéu hip phu - hap thu - kich thwéc
c6 thé vai nanomet nhw nghién ciu cta Curtis
(2010). Pac biét trong giai doan hién nay cac mo
dau khi truyén thong trong cat két dang can kiét thi
trit lwong tai nguyén Dau va Khi lwu tri trong cac
hé 16 rong trong da phién duoc dic biét quan tAm
(Zhang, 2019; Lu vannk., 2024). Trén Hinh 8 c6 thé
thay dién tich vi rong kich thuéc tir 500 nm dén 1.5
micron trong phan sét cia miu sét pha catlaratlon
chirng to tiém nang ctia da phién va da phién sét doi
vGi dau va khi vo cling tot.
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DH

V&i phwong phap minh gidi &nh hién vi dién ti
quét phu hop véi nghién clru vat liéu dac biét voi
vat liéu nano nhw trong nghién ctru hé vi 16 rong
(Echlin, 2015; Kant va nnk, 2014; Roslin va
nnk, 2020).

Phwong phap gan giii nhat véi phwong phap
minh giai anh hién vi dién ti quét la phwong phap
minh giai anh CT. &' Viét Nam d3 dworc tng dung tai
Vién Dau khi do Nguyen va nnk. (2015). D€ so sanh
2 phwong phap nay c6 thé thiy phwong phap minh
gidi anh dién tr quét t6i wu hon do cé thé nhén biét
truc quan vé hé 16 rong va cé do phan dai cuc cao
(vai nanomet) con anh chup CT chi dwoc dén kich
thudc micron.

SH M

Hinh 9. Anh hién vi dién tir quét cdu triic mdu a: DLR-055.233; b: BH18.

Trong nghién ctru vé dd rong bang phuong
phap minh giai anh CT ctia Nguyen va nnk. (2015);
nhém tac gia cling quy d6i d6 réng tir minh gidi anh
CT d6 phan dai cao vé dd rdéng tir pp gidn khi
Helium. C6 thé thdy rang phwong phap xac dinh d6
rong bing PP gidn khi Helium 1a phwong phép tiéu
chuén trong nghién ctu hé thong dau khi khi doi
twong quan tAm 1a kha ning chin chira clia dat da
(dac tinh thach vat ly) déc biét véi cat két.

4.1. Nhén biét yéu té tdc déong dén dé rong ciia
cdc mdu cdt két



88 Nguyén Hiru Hiép va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 66 (3), 80 - 89

Mirc d6 nén ép (dd truedng thanh): tir dnh cdu
triic hién vi dién tlr quét c6 thé thdy mau cat két cé
dd rong lén nhit 134 miu MAu DLR-055.233:
14.58%. Véi mitc dO nén ép thip van ton tai cac
khodng 16 rong gitra hat 1én. Nguoc lai véi miu
BH18: 8.47% twong d6i chat xit véi do rong gitta
hat nho (Hinh 9).

Mirc d6 xi médng héa: trén Hinh 8 cling c6 thé
nhan thdy dd hat cia mAu BH18 16m hon rat nhiéu
so v6i miu DLR-055.233 nhung do rong lai nho
hon. Vay yéu t6 anh hwdng truc tiép & day la mic
do xi mang héa. Piéu nay thé hién ré rang hon khi
so sanh mAu BH18 véi mau BH40 2 tAp cat két khac
nhau trén cling 116 khoan (Hinh 10). Vé&i do hat ciia
BH18 van l6n hon nhwng mirc d6 xi mang hoa cao.

5.Kétluan

Nghién ctru da xac dinh dwoc moi twong quan
tuyén tinh ré rét gitra két qua do dd réng theo
phuwong phap gian khi Helium va phwong phap
minh gidi anh hién vi dién tr quét (SEM), voi
phwong trinh héi quy: y = 0,9337x + 0,0636 v&i hé
sOr=0,8834 cho thdy hai phwong phap cé sw thong
nhit cao vé xu huwéng dir liéu.

Phwong phap phan tich anh hién vi dién t
quét (SEM, TEM) cho phép danh gia truc tiép hinh
thai, mat do va phan bd khong gian cla 16 rong
trong da & cip d6 vi mé dén nano. Gitp phéan tich
dd réng mot cach nhanh chéng. T6i wu véi viéc xac
dinh d6 rong tong (bulk porosity). Nguoc lai viéc
x4c dinh do rong hiéu dung tir anh SEM lai kha khé
khin khi viéc phan biét hé 16 rong lién thong va hé
16 réng kin can c6 md phdng 3D mat cat clia toan bd

mau vi viy v&i do rong hiéu dung (effective pore
size) thuwong dwoc xac dinh bang phwong phap
gian khi Helium.

Bén canh d6 phan tich anh hién vi dién tir quét
con gitip nhan dién dic diém clia hét thong 16 rong
trong mau cat két, tir do chi ra dwoc cac yéu td anh
hwéng téi @6 rong nhw mirc dd xi ming hda, ciu
truc - kién tric hat khoang vat va mirc d6 bién déi
thit sinh. Nhitng yéu t6 nay déng vai tro then chét
trong viéc quyét dinh dic tinh réng va chat lwong
ting chira cta tip tram tich & day la cat két.
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