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Abstract: To achieve metrological calibration of nL/min-level liquid ultra-microflow, a piston-
type liquid ultra-microflow standard device based on the interference method has been developed.
This device employs laser interference measurement technology to ensure precise capture of the
syringe piston’s micrometer-level displacement. By establishing a flow calculation model based on
the syringe’s inner diameter and piston displacement, the uncertainty of each component in the
device is analyzed and evaluated. The study used syringes of various specifications to test ultra-
microflows in the range of 1-1000 nL/min. Experimental results demonstrate that the device can
detect microscopic changes in ultra-microflow, exhibiting excellent flow response capability.
Calibration errors for the syringe pump were below 1%, with an expanded uncertainty of less
than 4% (k = 2). Finally, comparative experiments between gravimetric and interference method

standard devices demonstrated consistent error trends in syringe pump calibration. Further
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calculation of normalized deviation validated the accuracy of the interference method device and

the validity of its uncertainty assessment results.

Keywords: liquid ultra-microflow; standard device; interference method; piston-type;
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Fig. 5 Calibration results of syringe pump
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Table 1  Calibration results of syringe pump

B EMEQ'/(nL-min™") MAREQ/(nL-min™) ERZ/(nL-min™) AARTIRZE /% U(Q)/(nL-min™) % /%
1 1.01 -0.01 -0.99 0.02 1.98
10 9.93 0.07 0.70 0.39 3.93
50 49.85 0.15 0.30 1.90 3.81
250 248.62 1.38 0.56 5.96 2.40
500 503.81 -3.81 -0.76 9.86 1.96
750 748.83 1.17 0.16 13.69 1.83
1000 1001.01 -1.01 -0.10 17.82 1.78
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Table 2 Uncertainty calculation of the device at 10 nL/min
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d 0.14 mm 2.31 x 10 mm?/s 1.22 x 10 mm 2.83 x10°° uL/s
r 3.258 mm 2.04 x 10 mm?/s 0.004 mm 8.67 x 10" uL/s
t 3600 s 9.42 x 10°®* mm®*/s 0.01s 9.24x 10" uL/s
Trep 1.36 x 10° uL/s 1 1.36 x 10°° pL/s 1.36 x 10 uL/s

AR

u,(Q) = 0.20 nL/min

U(Q) = 0.39 nL/min
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Q =3.93%
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Table 3 Percentage contribution of uncertainty factors under different flow conditions

F R R 30 2 BN E B TTRR S B/ %

i/ (nL-min™) A5 FH 93 55 A3 A/ uL
d r t Trep
1 100 40.52 32.64 0.01 26.82
10 55.96 17.14 0.02 26.88
500
50 59.05 18.06 0.02 22.86
250 48.14 4.65 0.02 47.18
500 60.72 5.86 0.02 33.40
5000
750 68.26 6.59 0.02 25.13
1000 72.78 7.03 0.02 20.17
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Fig. 6 Complete setup diagram for calibrating syringe pump using
gravimetric and interference method
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Table 4 Standard device comparison results
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AHXF R 2 / % T/% AHXFRZE /% T/%
250 0.55 2.40 2.18 3.94 0.35
500 -0.76 1.96 -2.46 2.96 0.48
750 0.16 1.83 0.63 1.25 0.21
1000 -0.10 1.78 -1.34 1.95 0.47
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