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Abstract: In order to quickly monitor the changes of moisture and oil in the drying process, low field-nuclear magnetic resonance
(LF-NMR) technology was used to determine the free water, weakly and strongly bound water and oil of walnuts under the constant temperature
and variable temperature drum catalytic infrared-hot air drying, and compared with the single hot air drying. Moreover, a mathematical model
between the proportion of the moisture lateral relaxation peak area and the actual moisture content was established. The results showed that the
changing trend of the drying curve under the three drying methods was the same. Compared with the single hot air drying [duration 20 h,
maximum drying rate 0.11 g/(g-min)], the variable temperature and constant temperature drum catalytic infrared-hot air drying efficiencies
[drying times of 14.38 h and 16.16 h, maximum drying rates of 0.28 g/(g-min) and 0.48 g/(g-min)] were significantly increased, the drying times
were shortened by 28.10% and 19.20% respectively, and the maximum drying rates were increased by 2.55 and 4.36 times respectively,
indicating that the catalytic infrared drying treatment significantly improved drying effectiveness. The LF-NMR transverse relaxation map
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showed that the free water peak area decreased significantly during the drying process until it disappeared, the weakly bound water peak area
was significantly reduced, and the strongly bound water and oil peak areas remained basically unchanged, indicating that the drying process
removed almost all the free water and most of the weakly bound water and had no obvious effects on the strongly bound water and oil contents.
A mathematical model between the proportion of the moisture relaxation peak area and the actual moisture content was established. R? was

greater than 0.90, and the prediction effect was good. In general, compared with the national standard method, LF-NMR can detect the change of

moisture and oil during the drying process very well, and it was a new method for efficient and rapid detection of moisture content.
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Table 1 Drying time versus moisture ratio of walnut for three

drying methods
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R -ARIRES TR HARIRAT IR
1.00  0.00 0.00 0.00
0.82  1.00 0.16 0.38
070 2.0 1.16 1.38
0.65 3.0 2.16 2.38
052  4.00 3.16 3.38
0.45  5.00 4.16 438
038  7.00 6.16 5.38
033 800 7.16 6.38
027  9.00 8.16 7.38
022 10.00 9.16 8.38
017  12.00 11.16 9.38
0.14  13.00 12.16 10.38
0.09  15.00 13.16 11.38
0.06  16.00 14.16 12.38
0.03  18.00 15.16 13.38
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Table 2 Peak area ratio, oil peak area and moisture content versus drying time for the constant temperature drum catalytic

infrared-hot air drying

1% AR b /% .
H:—l’f,;h Ty Ty T3 BIKG (Tt Tt Tos) 1% T4 el SARIAIN
0.00 2.30+0.92 26.50+1.41 22.67+1.88 51.48+0.45 48.52+0.45 6680.70+109.74% 38.15+0.71
0.16  3.45+0.65 24.93+0.92 21.42+1.20 49.81+1.47 50.19+1.47 6606.02+97.80° 34.55+0.28
116 3.36x0.35 24.12+0.71 20.31+2.36 47.78+2.72 52.2242.72  6650.76+111.82° 30.99+0.55
216  3.99+0.42 23.31+0.49 19.00+2.82 46.30+1.90 53.70£1.90 6663.87+23.70° 27.57+0.52
316 4.31+0.35 22.07+0.42 17.84+2.12 44.21+1.34 55.79+1.34  6647.47+53.68° 24.84+0.51
416 4.10+0.38 21.29+0.49 16.40+2.33 41.79+1.45 58.21+1.45 6641.59+77.28° 22.88+0.52
516 437021 21.63+0.43 14.45+3.46 40.44+3.68 59.56+3.68 6635.53+151.77° 20.83+0.58
6.16 5.10+0.42 20.63+0.78 12.72+2.90 38.45+2.54 61.55+2.54  6673.94+75.60° 19.22+0.29
716 5.48+0.57 18.80+0.56 10.91+1.97 35.19+1.97 64.81+1.97 6698.30+39.96° 16.74+0.33
9.16 4.72+0.49 18.58+0.42 9.68+1.91 32.98+1.84 67.02£1.84 6619.14+91.68° 14.44+0.07
10.16 3.77#0.35 18.33x045 7.82+2.12 29.91+2.03 70.09+2.03 6658.54+167.37° 13.06+0.25
1116 4.79+0.25 17.79+0.35 7.15+1.48 29.73£1.39 70.27£1.39  6673.03+66.27° 12.15+0.08
1216 5.39+0.49 15.95+0.64 6.41+0.71 27.76%0.85 72.24+0.85 6729.41+39.68° 11.12+0.33
13.16 5.77£0.49 15.43+0.62 5.39+0.57 26.59+0.69 73.41+0.69  6745.69+31.98° 10.25+0.30
1416 5.68+0.28 14.20+0.71 4.25%0.76 24.12+1.18 75.88+1.18 6797.60+130.08 9.50+0.24
1516 5.08+0.35 12.70+0.92 3.97+£1.58 21.75+£2.85 78.25£2.85 6733.60+56.57° 8.62+0.04
16.16 593+041 12.03+0.30 3.36x+1.02 21.32+0.91 78.68+0.91  6760.14+56.56% 7.38+0.14

E: FERRAFAE p<O.05 KFAELERER. £3F.

#* 3 WRREENLLIM-AXN TR R TEEE TREERA S, hisEEmRf S kR

Table 3 Peak area ratio, oil peak area and moisture content versus drying time for the varible temperature drum catalytic infrared-hot

air drying
12 AR & %

o I I nf EAG (LTt Tn) % T IFaR AR
0.00 2.19+0.56 30.68+1.06 22.54+0.92 55.40£1.42 44,60+1.42 5685.91+108.85" 40.76+0.31
0.38 3.68+0.28 28.44+0.29 17.74+0.35 49.86+0.35 50.14+0.35 5672.31+20.12° 33.98+0.85
138 4.27+0.22 26.28+0.51 17.54+0.49 48.09+1.22 51.91+1.22 5659.84+68.28° 29.58+0.64
338 3.07+0.28 27.51+0.71 15.47+0.57 46.05+0.14 53.95+0.14 5714.10+93.86° 22.92+0.11
438 5.40+0.76 26.17+£0.77 13.59+0.74 45.160.75 54.84+0.75 5632.49+38.90° 20.80+0.88
538 544+0.29 25.18+0.42 12.19+0.64 42.81+1.35 57.19£1.35 5704.53+32.78° 18.76+0.07
6.38 5.09+0.43 24.63+0.43 9.58+0.43 39.29+1.30 60.71+1.30  5746.99+79.20° 16.82+0.89
7.38 4.60+0.47 24.43+0.60 9.29+0.11 38.32+1.18 61.68+1.18 5732.82+55.54° 15.33+£0.50
8.38 5.00+£0.35 23.62+0.35 8.84%0.57 37.46x1.27 62.54+1.27 5665.89+23.99° 14.18+0.99
9.38 4.80+0.56 23.82+0.99 4.69+0.42 33.32+£1.13 66.68+1.13 5718.65+92.56° 12.91+0.62
10.38 4.33+045 24.60+042 4.24+0.35 33.18+0.52 66.82+0.52  5687.53+60.09° 11.93+0.66
1238 5.17+#0.28 20.81+0.71 5.36+0.49 31.34+1.48 68.66+1.48 5747.49+78.97° 9.35+0.28
1438 5.00+£0.71 20.98+0.48 2.29+0.43 28.27+0.66 71.73+t0.66  5671.51+26.64° 7.79+0.05

26 AZEE IR UM A AR A B 2 5L 5 0L

BAKMERR S AKEFRES
AR 2 A 3 AT IR AN AR IR 2T A h-H KU & 15

2.6.1

#5, 73 PA LF-NMR B 145 21 0 SR 7 WA &

<T21+T22+T23) y‘j X (x1 Al xZ)’ PA GB 5009.3-2016 H

BT BEENR TR ARRLIME Y y Gr My, &
SLTHET LF-NMR BRI IR AR IR LRI &
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TR KR TR, KR 70 ) (DA (5):

y, =0.9311x,-14.428 (R*=0.95) @)

y, =1.1803x,-28.363 (R°=0.93) )

25 R KT 0.90, FRINZCR BT
4 ERREEELIHIN-BXNTIRARETER B THEER S, SKETUIE, STIHEFERTRE
Table 4 Peak area ratio, predicted and measured values of moisture content, and relative error versus drying time for the constant
temperature drum catalytic infrared-hot air drying

Hjﬁ’/‘h TZl Tzz &@Z‘E%MZ@KQ Do TotTo) 1% AIREFAUEIY%  AIKREFAUEI%  ABsTiR £1%
0 3.02£0.10 30.25+0.49 22.74+0.28 56.01+0.88 37.73+0.62 38.65+0.35 2.03£0.70
116  3.69+0.40 27.83x0.78 20.13+0.36 51.65+1.53 33.67+1.30 34.35+1.13 1.74+0.56
216  3.85+0.34 27.43x058 19.57+0.52 50.85+1.44 32.91+1.23 30.60+0.46 7.83+2.39
316  4.36+0.11 26.75x0.27 18.32+0.45 49.44+0.83 31.60+0.67 27.94+0.37 13.36+0.90
416 3.62+0.08 26.66+0.42 14.82+0.45 45,09+0.95 27.560.86 25.2020.21 9.43+2.48
516  6.09+0.45 23.62+0.40 13.87+0.31 43.58+1.17 26.15+1.08 22.31+0.44 17.20+2.54
6.16  6.44+0.59 22962091 12.39+0.56 41.79+2.06 24.49+1.95 20.72+1.00 17.97+3.69
716  4.47+047 24.35x0.23 11.12+0.35 39.94+1.05 22.76+1.03 20.02+0.24 13.48+3.79
8.16  593+0.07 22.38+0.25 9.18+0.24 37.50+0.57 20.49+0.61 17.49+0.71 16.81+1.24
9.16 5.56+0.27 22.37+0.42 6.92+0.81 34.86+1.50 18.03+1.53 15.82+0.25 13.30+7.90
10.16 5.7240.35 22.02+0.37 7.21+0.54 34.95+1.26 18.12+1.30 15.19+0.25 18.58+6.58
11.16 4762035 2251+0.24 6.77+0.64 34.04+1.22 17.27+1.28 14.44+0.57 18.81+4.18
1216  4.93+045 21.27+0.33 6.31+0.30 32.51+1.08 15.85+1.17 13.49+0.27 16.54+6.37
13.16 5.58+0.23 19.60+0.14 5.01+0.14 30.20+0.51 13.69+0.67 12.39+0.16 9.34+3.98
1416 3.75+0.89 20.87+0.82 2.62+0.47 27.24+2.18 10.93+2.29 10.04+0.52 12.1949.31
16.16 5.82+0.48 17.07£0.52 2.02+0.27 24.91+1.27 8.77+1.47 7.98+1.05 6.98+4.38

x5 WRREENLI-AXNTENETIREE TAEERSGEL . SKERFUME, EAMEFRHERNRE
Table 5 Peak area ratio, predicted and measured values of moisture content, and relative error versus drying time for the varible

temperature drum catalytic infrared-hot air drying

; ﬁ;h T ™ &@Z ‘E%M‘)@K o (Dot Tt T) 1% BIREFMAIY  AKFEZAAIY%  AARTIR /%
0 2594028 29.93+059 21.89+1.65 54.41+1.97 35.85%2.32 40.761.13 12.08+3.25
138 3.88+023 28.24+0.21 17.49+0.11 49.61+0.55 30.19+0.65 33.98+0.23 11.15+1.32
238  443+0.14 26.64+059 17.89+0.06 48.9620.50 29.43+0.59 29.58+0.13 1.110.70
338 2.87#0.13 28.01+0.42 15.07+0.28 45.95+0.83 25.87+0.98 22.92+0.48 12.85+1.93
438 593+0.11 25624021 13.07+0.69 44.62+1.02 24.3041.20 21.80+0.62 11.45+2.33
538 524040 24.89+0.05 11.73+0.30 41.87+0.65 21.0520.77 18.76+0.93 12.26+1.49
6.38 5.39+0.37 24.94+0.66 9.88+0.32 40.2120.61 19.10+0.71 16.82+0.33 13.5622.05
738 4.93+021 24.86+025 9.37+0.11 39.1620.57 17.86+0.68 15.33+0.44 16.47+1.08
838 525021 23.87+0.04 9.24+0.20 38.3620.45 16.92+0.53 14.38+0.07 17.62+3.14
938 5204019 2452+0.04 4.39+0.78 34.11+0.93 11.90+1.09 12.91+0.47 7.9145.14
1038  4.02+0.26 24304028 4.49+0.42 32.81+0.40 10.36+0.47 11.930.27 13.21+1.97
12.38  5.37+0.68 21.31+0.37 5.71+0.77 32.39+1.12 9.87+1.32 9.34+1.26 5.63+0.08
13.38  3.30#0.42 26.31x0.13  0.01%0.00 29.63+0.55 6.60+0.65 7.40+0.48 10.79+2.98
14.38 550+0.38 20.64+0.29  2.60+0.48 28.73+0.58 5.55+0.68 6.59+0.71 15.84+1.28
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