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Comparison of water absorbability of 3D printed phantom materials based on MR CPMG
method
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Abstract: Magnetic resonance (MR) phantom, an important component for MR imaging test, was composed of
polymethylmethacrylate (PMMA) material shell, PMMA material test components and test solution (pure water, copper sulfate
and sodium chloride). In recent years, more and more MR phantoms were produced by three-dimensional (3D) printing technique
in order to meet the requirements for phantom personalized design and rapid prototyping. However, there was no relevant research
on whether 3D printed phantom could be effectively waterproof like PMMA materials. Six kinds of materials were investigated
in this study, including 3 kinds of 3D printed materials (ABS resin, SLA photosensitive resin and DLP photosensitive resin) and
3 kinds of commonly used phantom materials (silica gel, hydrogels and PMMA). Based on PQ001 MR analyzer, we used CPMG
(Carr Purcell Meiboom Gill) hard pulse sequence to test the 7', relaxation time of 6 kinds of materials before and after saturation
for comparing their pore sizes. Meanwhile, the water absorbability of different materials was comprehensively compared with
the consideration of 7', relaxation time and the change rate of 7', semaphore before and after saturation. The results revealed
that the pore size of PMMA, photosensitive resin, ABS and other 3D printed materials were significantly lower than that of silica
and hydrogel, but the water absorbability of ABS and SLA photosensitive resin were similar to PMMA. Considering both pore
size and water absorbability, ABS and SLA photosensitive resin materials which have a similar performance with PMMA of
conventional MR phantom shell material in waterproof and anti-seepage could be an effective alternative to PMMA for phantoms
and inserts.
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Fig.2 PQ001 magnetic resonance analyzer
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Fig.3 Sequence diagram of Carr Purcell Meiboom Gill (CPMG)
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Fig.4 Putting the water—saturated sample into magnetic resonance tester
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materials before and after saturation
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Tab.1 Specific relaxation information for various materials

Hydrogels

Silicagel =~ SLAresin ABSresin DLPresin PMMA

Full water before the quality(g) 5.961
Normalized semaphore before water absorption 8 054.324
Normalized semaphore after water absorption 14 091.137

Semaphore variation 6036.813

2.713 1.160 0.890 1.188 1.092
10589.922 1875499 3869.362 1144.133 156.652
11917.133  2046.034 4132.708 1 585.258 184.327

1327.211 170.535 263.346 441.125 27.675

55 PMMA R, AR il T A SR R A RS
I (K R R A AN S AL B B H i TRk
R R e, 7 VO G DI E AEOG E 220 %5k s 5 1 4
PEAT I de e R U S A f BT 2K B AT R
B, BRI W o X — i R A A BB .3
W PR AN B TS A5 R A A5 A 25t B T

A IRKB KRRl LR AR RS, E i1
U B MRS P AL 23 PR A Rt 45 38 A6 4 B 2 B
Bl S DN, BTG ARSI . 3D TED
PRBHAT Yy RS 2 E , A BL RN Sh5E T DL —{RAT Bl
KT AR BN, ELAE D5 I DG R

IR BN A A WK & R AR5 5



b

7 TREIE, 45 HE TR CPMG J7 i LA 3D T EIMABE R K 14 - 837 -

_- I Before
14900 ] I After
12000 1
10000

Intensity/a.u.
[oe]
o
o
o

A N
? & 5\}‘2 Pg’s

N 0
o B 0
R

B9 6T akFIRES It
Fig.9 Comparison of semaphores of 6 kinds of materials before and

after saturation

7 FLBEEE ™ FRATTE FH CPMG B ok i e 371, 7EAIG
Y 55 T % 6 Fh R IR )43 ) 464 740 K i ot 74 s
[ g0 0 3 7 PR A T R DA T, B 5 i
KN R FLBR RN, I 25 A pERMEK T IS 5
S A BN R R IR K P o 3 A AR S
55 & B, ABS . SLA JGHUR A Al PMMA 3% 3 i HIHY
TR VE AL RE , B FLBR/IN KRR R 05, 25
FbdsJa T & B, AT S 3E 3D FTEN ) ABS Fil SLA YA
RN KR PMMA .

AWFFERIE 3D 4T EIAT R ABS FIOGR I , 7T
AR PMMA #BH—#E HAT A 8B 7K B ST o RIS R
JH 3D 4T B A B A | 3 A il 280 174 i 1y 2T figf ke
IRRH PMMA M BHEI/E A 2 i B 2 51 )
R, A SO I AN S rheis 0 A LR T
IR FEAEME T, SR FH R LR AR AN 1 B ik b CPMG
JE X 6 Ffas WL AR il VE R RHIEA A , 25 & 17K
TR IR AT I 105 5 58 BE 40 BT RN WG K Pk AR 5 55, A EL T
S5 5 ) SRR LR A ik TR
far (i, HA e e i o H R

FEMEY T , CPMG & — 1~ AR5 i i
A SIS R B T, Al R R R R, BT DA S b A
180 0 B K AE LA TR i, O R R K R
Ho i RERE SRS BT AF R CPMG JP 371 R AR R iy
WKRTE I T, i s34, T CPMG ¥4I nT A
o H AR P RE AR AR R 25 AR O, IR B )12
TR b

ZE LRk, AR A kv CPMG 51, AT
KM K BTG B 5 50 B I LAZE & 4007, UESE T 0]
YA 3DITEINY ABS Fil SLA SGHIM IE 5 PMMA BA
AL RN LR BLAE W K % EAKT PMMA, I A
BRI WK, BRI o] DAV A i IR (A VA L

M R E R T RS AT R RA
(2016YFC0103400) “ & & s A% A 2 S8 97 P 09 i &
IR B RAL A R 7B

(5% k]

[1] QIU J, WANG G, MIN J, et al. Testing the quality of images for
permanent magnet desktop MRI systems using specially designed
phantoms[ J]. Phys Med Biol, 2013, 58(24): 8677-8687.

(2] spad, EmbAe, TEAM, . B3R EN A% [T]. F
B 5 A A, 2012, 28(5): 997-1000.

QIU J F, WANG P C, WANG G Z, et al. Design of multi-function MR
test phantom[J]. Chinese Journal of Medical Imaging Technology,
2012, 28(5): 997-1000.

(3] B, b, TR, —AA7 B RE SR SFAL--MREx[ T]. % i
EM B, 2004, 18(2): 36-39.

SHAO W Z, ZHUANG S, DING Y J. A new type of nuclear magnetic
resonance logging tools-MREx[J ]. Petroleum Instruments, 2004, 18
(2): 36-39.

(4] Z84, X208, 554, 5. b LA 3ILR ey o2 7 k1],
HAMRIE T K55Ik, 2017, 37(3): 429-436.

LIS M, LIU Z K, MOU C M, et al. Determination method of effective
void ratio for lateritic soil [J]. Journal of Guilin University of
Technology, 2017, 37(3): 429-436.

(5] BERS. ¥ratarkkn LA e B 54 [)]. A mibd T
#£, 2003, 22(3): 47.

GUO Q Z. Analysis of reasons leading smaller nuclear magnetic
resonance logging porosity [ J]. Oil-Gasfield Surface Engineering,
2003, 22 (3): 47.

[6] %= FRTLT, MR, 5. K25 LA A 4 AL B BRI 8
Hok[T]. HER IR, 2012, 37(S1): 75-80.

CHAI Z Y, GUO W W, CHEN WY, et al. Distribution characteristics
of mudstone pore-fracture and its influence on absorption|J . Journal
of China Coal Society, 2012, 37(S1): 75-80.

[7] ERGULER Z A, ULUSAY R. Water-induced variations in mechanical
properties of clay-bearing rocks[J]. Int J Rock Mech Min Sci, 2009,
46(2): 355-370.

(8] BférA&, FhEA, Bk, 5 JAERF AW AR RELT] P
JAEALE, 2008, 29(5): 64-68.

SHI X D, SUN J W, XIE X B, et al. Research advance on medium of
tobacco floating system [J] . Chinese Tobacco Science, 2008, 29(5):
64-68.

(9] &4, KA, Bk, . R B2 8 SRR EIASGEIT %

H[T]. LA F IR, 2016, 13(3): 263-270.
GAO M Z, ZOU C C, PENG C, et al. Study on selection method of
core nuclear magnetic resonance experiment parameters for shale
reservoir[ J |. Chinese Journal of Engineering Geophysics, 2016, 13
(3): 263-270.

[10] A F, 2B 7, 3¢ fedb | A2 RILRE S rh B E o4 S ACRT].
MAFH A, 2011, 35(3): 210-214.

ZHOU Y, WEI G Q, GUO H K. Impact factors analysis and decision
tree correction of NMR porosity measurements [J ]. Well Logging
Technology, 2011, 35(3): 210-214.

[11] CARR HY, PURCELL E M. Effects of diffsion on free precession in
nuclear magnetic resonance experiments[J]. Phys Rev, 1954, 94(3):
630-638.

[12] S48k, 150 R, AR L. BmE M I R A AR B [I]. B
FFHIMA K, 2007, 27(3): 157-161.

SHI D Q, FU S Q, XIE R H. Study on NMR logging bulk volume of



- 838 - Hh R B2 3546

irreducible water model [J]. Nuclear Electronics and Detection
Technology, 2007, 27(3): 157-161.
[13] #ARF - FT A AR FARSE, B R =, 3R, 5 ARG AL RE SR R
EARFLIER 2 M P ey R [T]. B R, 2017, 40(12): 43-48.
RAHILA A, MA F Y, ZHANG X, et al. Application of low-field
nuclear magnetic resonance technology in coal petrographic pore
structure[ J ]. Nuclear Techniques, 2017, 40(12): 43-48.

[14] R A2, R A IDITPRARBE AR [T]. AR EH RS £ 4,
2015, 35(3): 85-87.

ZHANG X P, LIANG J. 3D printing technology and its application
trend [J]. Modern Manufacturing Technology and Equipment, 2015,
35(3): 85-87.

[15] fR AL, TR R, Z30 L, 5 . 3D ATt ik s AL F AP MLk 69 5] &
B HAARERE 5T [T ], F MK F FI(E F M), 2017, 43(1): 52-56.
ZHANG W H, ZHANG H, L1Y Z, et al. Preparation of 3D printing
laser rapid prototyping dental implants and analysis on their
mechanical properties [J]. Journal of Jilin University (Medicine
Edition), 2017, 43(1): 52-56.

[16] 227  Azma IRk FARIRMME 5 0 & 5 BB 7 EATR[D]. K
A FHKE, 2013
HUI F. Hierarchical multi-exponential inversion method for NMR

detection of groundwater signals[ D ]. Changchun: Jilin University,

2013.
[17] 258, BMiE, AL, & B RFIIERELZ CWESWF
@é’ar}ﬁfrﬁ [J]. Euh%%‘i‘iaﬁﬂ? 2005, 27(6): 619-623.

WANG Z Z, ZHAI S D, ZHOU L F, et al. Application of nuclear
magnetic resonance logging technology in physical property analysis
of rock[ J]. Petroleum Geology and Experiment, 2005, 27(6): 619-623.

(18] & )b, BT, BRI . R ASARAM AT LR 09 R CT Ao A 220
KoMK g R AR [T, e A B S A2, 2012(5): 478-481.

CAO S, ZHAO G P, YAN W T. The cancellous bone graft substitute
porosity tested by the micro CT image method and the biopsy image
method[J]. Beijing Biomedical Engineering, 2012(5): 478-481.

(9] Mk ex, ¥ 2&, 2RAK, . LARIME BAZRE IR I FLIRUE
sy B & [T]. P B sskA 5, 2008, 38(Suppl 1): 191-196.

XIE R H, XIAO X Z, WANG Z D, et al. Influencing factors of porosity
in nuclear magnetic resonance logging of complicated fluids reservoir
[J]. Scientia Sinica Terrae, 2008, 38 (Suppl I): 191-196.

[20] BERTRAM H C, KARLSSON A H, ANDERSEN H J. The
significance of cooling rate on water dynamics in porcine muscle
from heterozygote carriers and non-carriers of the halothane gene:
a low-field NMR relaxation study[J ]. Meat Sci, 2003, 65(4): 1281-
1291.

(21 45, R Zix, thwfa, 5 Bk RORMGHEA T 0y A5 e A
P 89 KA [T]. R = e I - 5 5], 2006(6): 11-14.

WANG N, CHEN W J, LIN X Y, et al. Application of some basic
sequence about NMR and MRI techniques in food [J]. Academic
Periodical of Farm Products Processing, 2006(6): 11-14.

(%% )



