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Development and application of low-field nuclear magnetic resonance
and near-infrared combined instrument

Zeng Yingjie' Lu Bing® Yang Liang” Yang Peigiang® Lu Daoli' Chen Bin'
(1. School of Mechanical Engineering. Jiangsu University, Zhenjiang 212013, China;

2. Suzhou Niumag Analytical Instrument Corporation, Suzhou 215163, China)

Abstract: In order to make up for the shortcomings of limited information that can be detected by a single low-field
nuclear magnetic resonance analyzer or a single near-infrared spectroscopy instrument, and the cumbersome and time-
consuming separation of sampling operations, by studying the transmission optical fiber used in near-infrared and low-
field nuclear magnetic resonance with a main frequency of 21 M and a coil diameter with a combination of 25 mm probes.
a joint analyzer capable of co-location and synchronous sampling to achieve complementary information has been
developed. The performance test results show that the length of the low-field NMR homogeneous region is greater than
25 mm., the standard deviation of the near-infrared spectrum is less than 0.003, and other test results meet the
application technical requirements. Finally., 84 diesel samples were sampled and analyzed on the combined instrument,
and the model was established based on the 50% recovery temperature and density of diesel. The results showed that the
detection models based on feature extraction and data fusion were better than those based on low-field NMR and one
detection model for a near-infrared single dataset. It can be seen that the combined instrument has a trend of information
complementation in the analysis of diesel oil, and has practical application significance and promotion value in the
detection fields of petroleum products, food agriculture, and biomedicine.

Keywords: low field nuclear magnetic resonance; near infrared spectroscopy; data fusion; instrument development
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BT, 58 1 J0& 5 (First Peak) {5 S BN ARG S, B4
PLE R 3 WRIBCE- 34 . AR 5 A 20X A G 25 4
KA

RR = % % 100 D

A Ml o SRR U R 22 45 SN T 8 Y5, 6 WA R AR FE
SR B PERESRT & N FHE R $8 5 . W R 2 &) X4 45 51
F 1R,

®1 BMEHIRWKER

Bk %1 RS R/ A Sy
/cm 1 52k 3K ige

0.5 7 410.966 7 315.444 7 253.811 7 326.740 3
1.0 7T AT7.419 7 442.293 7 411. 238 7 443.650 0
1.5 7 237.590 7 219.007 7 199.394 7 218.663 7
2.0 7 425.704 7 420.259 7 413.676 7 419.879 7

5 7 661.942 7 618.565 7 535.647 7 605.384 7

FHME

7 402. 863 6
e KA 2 7 605.384 6
e /ME 2 i 7 218.663 7

M 1 ZERATHILTE 25 mm (14 X9k P 544 4 57 X )
RN 5. 2206 REPR I 5] X R BT I REZEOR .

MR G T, 35K

N T B UE I LR B BE 7 IR R AR LA G2 A R 1 o B R
JE AT G LA FRAE AR R 25 mL SR A AR RE
AL CPMG 791 R AL iy BOAR [ S 3R 0 8] T, 155
FEE M 5 K, IR A SIRT £ 41 43 i 7 ik % AR
1.000 000 YHEAT S 18 iz 5 o 36 3 e 17 AR o LU T A SR i
BT AR EARER . T, 1 LSRR 2 Fis .

I3 2 AT 2 0 L AR A ] — o B il B, X il T
R A 4 5t T RV R SE L O EL U TR AR o EE R T 99045
/NG BRASEEA JIT  22 R BT AR R 2 3 Y L /)
W 5 U 0. 100,00 200 25 R A5 A A I 199 /) e o L/
T2y, VLR R L 45 R4 5 N AR 45 AR L 2218
ARV IIREER .,

4) 3T 2T AN O BE o A A 3K

NIR-NT 8T ZLAME G5 R 1T MEMS $2 AR JF
Ko AT LA B G i BT R R PR PR A R L A

AL H SRz L T

MRS HA

K2 XKERT, EREER

 GEE BOE | BZR A6
i /ms  WH/ms M ms /%
21. 544 100. 000 464.159 99.9
! 533.670 1417.474 4 328.761 0.1
21.716 100. 000 470.103 99.9
2 482. 353 1 352.531 3 998. 947 0.1
21.702 100. 000 465. 424 99.9
¥ 9. 659 11. 859 30. 158 0.1
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SIS S b F AR A, B W A5 4 84 A~ ZE FH Sl b
MmASEL3.50 g MAREHEH . AT RNEHBS P HE
30 min fHFE 5 AL FHH R R E RS .

2) B R 4 S

EEREKME T BRA LM REE TRER
o AT SR LLAMGTE (RS 1R AR Horh ARG g 3L
P& & B CPMG J7 41, R #8532 100 kHz, 5 & B
0.08 ms, 8t 5% # 25 3. B 4L 44 25 20.0 dB, Wl i B )
0.5 ms., [AT N5 100, 52 7% B IA] S %00 28 BB 4
I LT AN B AR 8] 10 mis. 3 B 32 Uk, B A S 3 RE
a3 U B R R R RO . SR AR Y SRR T AT A
J T 5 K A g e R B a0 1 8 T

— 92 — HEABRTMEEAR

2023F 38
H42E B IH

12 8 000 M
208 ; 6 000 /V
g 04 %4 000
B {12 000
-0.4

1 0‘00 1 2‘00 1 4‘00 1 6‘00 I 0 5 0‘00 15 (I)OO 25 (I)OO 35 0‘00
K/nm B [8)/ms
(a) )
B8 (a) S8 il il 21 A i
(b) 58 B S AR 3 4% 1 L IR 3

M & 8 () AT LLE B ik g i 7 vp oML R R 22, /7
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B bt 32 BIAAS N ER A 1R 205 Gy L H AR AE MR L O T b
S ik A S M 7 AR TE AR R 19 B2, R - Savitzky-Golay
Ji ATV UR L B m OGS R T A AR T
P M FSR-CPMG J¥ 51 3R £ 21| 1 5 it B it 1) 18 3 #%
Tl He A o T 0 A B I A U AT — AL Ab B

S5 I AR B AR A2 J1 43 R K-S(Kennard-Stone) 757
B REE S A R 723,

PEFHZ R E 5 k4 0 BB R I, DL R 4R
84 A B AE i AR A% 0 S IR 1 B HE 50 Do e IR B K8
IR, 38 3 AW e /N —. 9 (partial least square, PLS)
L5 N T 2 R %% (artificial neural network, ANN) B 77
2 Ny BRI AR 1Y E R O AT AR B RCR B I RY B A
0.971 8,RMSEC {2} 1. 501 4, R% fE} 0. 923 3, RMSEP
HR 1,799 8; Lk 84 /> S iii ke i 1) 3 21 R O ii T FL % i Ry
WFFE R4, 18 14 3% A 8] 13 3 (stepwise regression, SWR) &
SRR AR 0 RE B A BT DR A SR BT B RE (R
0.859 9,RMSEC {2} 1. 344 9, R’ fE -} 0. 851 5, RMSEP
A 2. 306 3, K IERAIPE A 45 R AN3R 3 Fiw

R3 EANSRBEZERERBTNER

soks LT AN (SWR)
K IE4E R? RMSEC Fill4: R RMSEP
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Ho b K3 ¥ g 2L 4% (PLS+ ANND
K IF£ R RMSEC #Hijlj& R* RMSEP
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3)NIR 5 LF-NMR % il &

A T2 — AR 4 R RIS SE Y Al A SRR £ B
BE A I {5 B, 26 AT LW B AR ORS BT AR SO
NIR 5 LF-NMR W A 5] 25 #1549 6 33% 5 17 00 Ak R &
SR TE A  E AR L L3R IRORE S B 4 T SRR 0 9 AL
b . BEALER 1 2 YR AOHE Al SR A N IRZ MG L b 2
A R A BT L0 ARG I A% g 3 AR A O R
L. ESRERERKZR, SRRZAE LIS g
— MR AT A SO L AR SO EOR R 2 Rl A SR
PEIUI 21 S0 6% 5 K 3 4% W e i 2508 1 R E J5 5 s B 2k
£ 8 {0 101 0 28 A7 1 45, 15 3 B 28 1) TN 485

84 AMREAH  NIR Fl LE-NMR J§ If 528 15 55045 5 2
117 F1'5 600,24 T M 4R BOHE 48 v o B f A 48 L U 4k
i 46 B 2R 50, B 5 4 Pk A 38 B EE DAL 5 (competitive

MRS HA

adapative reweighted sampling, CARS) "™ $ Bt 5 %} Jif ¥
ARG ZAE /. S 4P B 35 AR =2 il i H
3E IV B INACR BE (adapative reweighted sampling, ARS) £
ARFERE Y PLS B RS o [l 19 28 %504 % (8 K 9 80808 i, Kt
R /N Kl i 2 T8 0 7 4R S PLS A3, $2 L PLS
168 2% B4 TR O AR R 25 (RMSECV) S/ 11 46 Hh (19 5
P N FRAE A0, A R R R 4l 4. NIR 5 LF-
NMR 7£ 50 %5 B B b SR B (9 FRAE 78 = 8003 501 R 21,
93, 7E %5 FE Hh BRI (R AR A8 5 4043 ) Ry 30039, B4R
BUR A AR AR & 908 NIR 5 LE-NMR %040 i gl 4, 8 i
Huber . LSSVR.PLSR 4 4 #f [a] 5 2§ i 17 U1 25 , 15 51 f5 ¢
50 0 [T WA 3R B R4 B %) T 45 S L R AE $E B LS 22 (R 1A 4 T
MR ZE RN 4 FR .

R4 BIARBERSHERTNKERITESH

_ PR IURRIE AR 1 4L ) AR TR Ay
EER N - Il U5 32 ; y=

NIR LF-NMR R, RMSEP

Huber 0.722 1 4.200 2

LSSVR 0.823 9 2.939 4
50 %6 [l i 21 92

PLSR 0.928 9 1.831 1

BayesianRidge 0.752 8 3.363 0

Huber 0.873 6 1.723 0

. 5 LSSVR 0. 866 9 2.059 8
W (200) 30 39

PLSR 0.8311 1.963 1

BayesianRidge 0.776 3 2.316 3

% 4 £, NIR Fl LF-NMR %4 28 i 45 4E 2 BUR /Y
AR BRI, AR A S BY 50 96 [l iR B RN % BE A e AR v
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