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Pulseless Pump for High Speed Liquid Chromatography

Kenji ARICHIKA
Seigo SACHI
Makoto AIURA

During the past decade high speed liquid chromatography (HLC) instrumentation has achieved a remark-

able development and, nowadays, the users’ specific requirements for the HLC systems have spread out

wide —— requirements that may range from microanalysis using a capillary column to refinery work

based on a large preparative scale column; operating column temperatures may also vary from ambient to

above 100°C.

We have developed a new HLC pumping system which, without using a pulse dampening device, can

provide a high-pressure with-standing, pulse-free constant flow. High preformance of this new pumping

unit has been ascertained by several analytical tests described herein.
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Fig. 2 Quick return type pump
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Fig. 3 Method of one-pump gradient system
that gives improved reproducibility
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Fig. 4 Cutaway view of pump, including detail of pump and inlet-valve heads
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{b) Solvent delivery diagram

Fig. 5 Dual head series type pump
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Fig. 6 Modified dual head series type pump
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Fig, 8 Tri head type pump
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Fig. 12 Disassembled view of check valves

Item| Part name Material |Qty| Remarks
32 |Plunger assy Sap/SUS3H| 1
33 | Cap bolt SUS304 2
34 | Spring washer | SUS3H 2
35 | Guide plate SUS316 1
37 | Liquid end SUS316 1
39 | Bushing Rulon 2
40 [Back-up ring ETFE 1
41 | Packing PTFE-G 1 [Spring: SUS316
42 | Tube adapter PTFCE 1
43 | Cartridge (A) SUS316 1

53 | Certridge (R) SUS316
5% |Rear ferrule(B) |SUS316
5 | Front ferrule (B)| SUS316
5% | Support ring SUS316

46 | Gasket PTFCE 4
47 | Valve seat Sapphire | 4
48A | Vall guide(A) SUS316 2
48B | Vall guide (B) SUS316 2
50 | Ball valve Ruby 4
51 |Gasket ETTE F 2
5 | Screw(B) SUS316 1
1
1
1
1

Fig. 11 Schematic of pump head
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Fig. 13 Brock diagram of electronic control
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Fig. 14 Confiqulation of pressure sensor
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Table 1 Isotherm compressibility factor of a
salvent at pressure P is defind

b e= (55~ e r

V _( B \¢
Vo _<B + P)
where B : number in Pa
C : dimensionless number

Solvent Temp. C B (3(\),0/;1;1)
x10®
Carbon Tetrachloride | 25° C [0.9246 8.670 0.969
Water 7 11.3680/29.96 0.986
Aceton # 11,023 |20.066 0.964
Ethylene Glycol # 10.9452125.44 0.989
Chloro form # 11.038 {10.66 0.971
Trichloroethlene # |1.053 |12.29 0.975
Hexane 7 10.9433] 5.868 0.953
Benzene # 10.9377) 9.70 0.971
Methanal » 10,9589 7.64 0.963
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Fig. 16 Performance curve of HLC-803D
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Table 2 Evaluation of flow rate stability— [ (Dual head pump)

Pump HL C-803D A | w L N
Volume, u¢ 100 200 200 200 150
Revolution, rpm/m¢/min 10 5 5 5 6.6

Run Reading in chart from sample injector to peak top (mm)

1 521.2 1893.3 405.0 1282.0 133.5

2 521.2 1896.3 402.5 1267.5 133.5

3 521.2 1897.0 401.5 1277.5 133.5

4 521.0 1898.1 404.0 1271.0 133.5

5 519.0 1897.8 405.0 1286.0 133.5

6 519.6 1897.2 406.0 1272.5 132.7

7 520.5 1893.4 408.0 1286.0 132.8

8 521.6 1899.3 409.5 1281.0

9 519.7 1899.5 409.5 1287.0

10 519.0 1899.6 410.5 1284.5
Average - 520.39 1897.15 406.15 1278.6 133.29
Standard deviation 0.979 2.288 3.110 6.510 0.367
Coefficient of variation 0.19 0.12 0.77 0.510 0.275
Condition

Solvent THF « “— « “«
Flow rate, m¢/min 1.4 1.2 1.0 1.4 1.0
Presure, kg/cm? 40 30 “« 70 30
Sample P. S. Olygomer 2 % Acetone 5 % Benzene « DMP
Loop volume, ¢ 10 100 20 <«
Calumn G2000H8x 1 GMH6x2 G2000H8 x 1 G2000H8 x 2 A—801x1
Detector R1 “«— “— Uuv uv
Chart speed, mm/min 20 60 20 “« 0.5
Temperature R.T. <« <« <« <«
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Table 3 Evaluation of flow stability— ||
(Single head pump)

Pump NTD J M A

20 139
100 7.2

Volume, p¢ 20
Revolution, rpm/m//min | 100

Reading in chart from

sample injection to peak

Run top (mm)
1 1828.4 | 1599.0 | 1687.0
2 1827.6 | 1598.0 | 1672.5
3 1828.0 | 1598.5 | 1680.0
4 1827.7 | 1598.6 | 1684.0
5 1827.4 | 1598.2 | 1679.0
6 1827.7 | 1599.0 | 1680.0
7 1827.4 | 1598.6 | 1679.5
8 1827.4 | 1598.6 | 1681.5
9 1827.5 | 1598.7 | 1675.0
10 1827.4 | 1598.6 | 1674.0
Average 1827.65| 1598.59| 1679.25
Standard deviation 0.327 | 0.311 ] 4.474
Coefficient of variation 0.018 | 0.019 | 0.27
Condition
Solvent THF <« “«—
Flow rate, m#/min 1.2 1.4 “«—
Pressure, kg/cm? ,(‘:;9 70 40
2
ISamp le Ac%tone “ -
I‘{,oop volume, p/ 100 <« «—
G 2000 GMH
Column Hsxa < 62
Detector R1I <~ «~
Chart speed, mm/min 60 - “—
Temprature R.T. « <«

Table 4 Effect of pressure feedback on flow
rate stability

" Pressure Flow rate, | Pressure Coefficient
feedback m{/min |  kg/em? | of variation
On 1.0 50 0.11
Off 1.0 50 0.33
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Fig. 20 Comparison of pulsation level [Controlled)
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(b) Encorder compensation
Solvent ; Methanol Flow rate ; 1.0 m{/min Pressure ; 100 kgf/cm?, 1 kgf/cm?/div
Load ; Dummy tube Chart speed ; 10 mm/min
Fig. 22 Effect of pressure feedback controll and encorder compensation on pulsation level
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[G)] .Encorder control term
(a) Encorder OFF 100—200 pulse
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(e) Encorder control term
130~220 pulse
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(b) Encorder control term
120~—220 pulse
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(f) Encorder control term
150~pulse

L o e e P

(¢) Encorder control term
132~220 pulse

above—Pressure feedback compensation
(below—Encorder compensation )
Flow rate ; 0.5 m{/min
Pressure ; 150 kg/cm?2

Load ; Dummy column 2¢-—-25L
Solvent  ; Methanol
Chart ; 100 mm/min, 0.5 kg/cm2/div

Fig. 23 Comparison of pulsation level by encorder
compensation and that by pressure feed-
back compensation
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Solvent ; THF
Column ; G3000H8x 1 (1/8B—300L)
Flow rate ;1.1 m{/min (1.5 mf/min (Ref. flow))
Pressure ; 10 kg/cm?2

Chart speed ; 10 mm/min
Fig. 24 Detector noise (HLC-803D+RI detector)
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e W
Pulsation level Pulsation level
and pattern and pattern
X128 X 128

e NI

x32

| e N

X16 X16
HL.C-803D M/R
Solvent ; TCB
Flow rate ;0.8 mf/min
Pressure ; 50 kg/cm? (10 kg/cm?)

Chart speed ; 10 mm/min

Fig. 25 Detector noise (HLC-803D+ High ~tempe-

rature RI detector)
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0.3ml/min

0.1ml/min

Solvent ; Methanol Load ; Dummy tube
Chart speed ;10 mm/min UV range ; x0.01 AUFS

Fig. 26 Detector noise (HLC-803D+UV Detector)

(64)

(Upper . Detector noise
Lower : Pulsation level

No flow

(4




(

@

SIRB IR R © 7 DHE

%
100 77
Solvent program No.1 // 7 ,/ C .
Solvent program No. 2—--_?/ / / oncemrat.:on curve No. 1
Solvent program NO.W ; Concentratlion curve No. 2
/ Concentration curve No.3
Function Linear
// Program time 10min
P // Flow rate 1.0ml/min
// UV range 04 AUFS
// J // 254nm
// // // Gradientor GE—-2
P A
£ A
0 Lag time
4.3min(4.3ml)

No.l1 2 3 Start

(a) Linear gradient

Concentration curve No. 1

Concentration curve No. 2

Solvent program No. 1
Solvent program No. 2

=
-—
e
————|e—w

Concentration curve No. 3

|
|
=N
1
]

y

Solvent program No. 3

Z

Flow rate
UV range

Gradientor

|
|
|'
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
1

1.0ml/min
0.4 AUFS
254nm
GE—2

————————— e

0

(b) Step gradient

Fig. 27 Concentration profile avairable with gradient dev
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2.0ml/min

1.5ml/min

1.0m1/min

0.5ml/min

(a) Pressure feedback on

2.0ml/min
W

— 1.5ml/min
e
L 1.0m)/min
e — e
0.5m1/min
(b) Pressure feedback off
Solvent ; Methanol and Methanol/Benzene Detector ; SF-770, 254 nm, 0.4 AUFS

Mixing ratio ; 50%

Chart speed ; 10 mm/min, 0.004 AU/div

Fig. 28 Effect a mixing ratio when the flow rate is varied in one pump gradient method (HLC-
803D+ GE-2)

sensor

Pressure A

Fraction/recycle

Sampling valve

valve o)
-
[

J_] Solvent B
Solvent A
Fig. 29 Schematic diagram of HLC-803D

(66)




((

o

SEIRBYT S ESE i 4 7 OB 67

B

(6) ZHsgE

1) EiiEHEE EESEO € — FEREE

2) BEHEAALT, Fud v ns, BELEIR-A L
TV AN/ 752 g v AnT BEENS

3) SR D 2 v b - L DVHEE

M %2

1) ETFERDOY ., 254

2) A= CRETERE 2 ER LA

8 RFa

1) B=nAF A FE&BEOTD, BT X 5 FEE
TEhiis

2) WEIBIE~Y A A F Y HRBEOCEE S E I &
<, EEFED o,

9 A LU

1) F=nHhA4 FRSBHO D REIESHTHD,
MARTE DAL X 5 MAEA~ DB EA

2) S eD R ANy FERREEST Y v 2L
AN VAZSL TS, RN CEHRIEAE,

3) WHIEA~Y 2 AFY HROILDA A NAAT R
EE L, Bt A b O LI,

4) B|ZHLAROERDID, RV F7REDOF = 7
2 WEHEAA N T D — TS

5) EAE=sBAmTrEECHMIN TV DTH
VIDWEEF = v 7, ENEREDEB - BIEA AL,

7. WBEREOERDLE

T, ThE COFHmAS R LM EEHEE HixE T
BROHBMHM L ORiEA BEDOEKRT Table 5 (%
H) Rl

8. BHYIC

£E® [HLC—803DH | & v /El ORI, &
VL L TOEARELY T AF =0 2407075
VY v VERETLRNMEBE L COBEEND D,

LTOMBRRAEY 7 OERIB AR LIELEZLBNTD
BMovrn . 75 v Ry FORENRD 1o 2 &%
IR LTE L,

SRIZFLEEL AOCIICHB, V91 79K, 75
e VG -2 ¥R 2 ENTE
e olee EREELDIUTIBN Lo,

REC, REEOMFE, BECHBEIIEWIc B
LR ATTRBA R R O KIEREZ 13 U B @O R &
BELF T, Fho, e DRSS A\ T fe RE P ZeAT
HL CHRZOERITEHAKL T,

X B

1) Ishii, Asai, Hibi, Jonokuchi, Nagaya; J. Chr-
omatogr., 144, 157 (1977).

2) “B5MEREEE GPC/LC Prfia Fhaitk” (1980).

3) O.Mikes, P. §tr0p, J. Sedlagkova; J. Chromatogr.,
148, 237 (1978).

4) K%, ME, BE “RHEEERRRE". 22, (),
97 (1978).

5) Nester, Faust; Liquid Chromatogr. Appl. Bull.,
(1969).

6 ) L.K. Porter; J. Chromatogr., 5, 330 (1961).

7) Altex Model 110A Instruction Manual

8 ) Varian Model 5000 LC Operators Manual

9) J.F.K. Huber; J. Chromatogr. Library, 13, 47
(1978).

10) Waters Model 45 LC Catalog

11) Hitachi Model 635 LC Catalog

12) Jasco Twincle LC Catalog

13) LDC Constameric Instruction Manual

14) Mori, Mochizuki, Watanabe, Saito; Pumping sy-
stem for HPLC, American Laboratory
(1977).

16) “BLAERILTER", A, 688 (1975).

(67 )

P



RN SRR F St )

RIEEEV RS F25% 15 (1981

68

X O X X X O dalea Suidureg

O O X O O O dATeA UIBI]

O O X x O O UOII33s JUDA[OG

a91/1 ﬁ a91/1 a8/T _ a91/1 a9T/T a91/1 0130909 110d L1941

a91/T a9T1/T a91/1 [ a91/1 9T/T a91/1 uo01303u0d 110d uoOnONG

O O O O O uonendo [BUINXIT

O @) O O coumwnommwmmmmmwaﬁoO

X O X O [oxyuoo siddr

Soeuy rendiq So[euy [ensig Sopeuy rendiq 107BOIpUT BINSSAIJ

X dog doig X x doig uonoe JWI[ M0

doig doig doig [0TUCO S1nssa1g doig [013U00 aInssaIg uonde MW Yy

MS Tensiq £ax ua] I2}BWONUL0] I330WON U0 I9}9WOINUR)0 ] MS eusig Sunges jury aInssaIyg

MS Tensig 49y wag, Iejpwonuaiog MS Tensiq MS 1eu3iq MS Tensiq Zunjes der molg
I3[[013U0])

oda oa oda __ 0a deag od I0)JOIN

(Burueoy) ysi(q ysi(q ¥s1qQ _ [e21IpUI[£)) Iean) [e2UIpUI[&D 2ABM wWe)

9|8uelI], ansoddp a11sodd()y [ ®[[ereg [ [B][eIBg [[e1eg juswadueie Ia8unig

0ST 002 002 002 831 71 ‘owmoa dumg

h 121 9'¢c 121 8 ur ‘9yoxs 198un|g

VAR G9L'y 7R TARSY ww ‘Iejewerp Is3un[g
| uonedoyIoads durng

0°62 0709 02t §'eg 9°¢1 0°82 8y y3ropm

GGE X 0GP X 012 065 x 096 x 0€5 228 X €FT X 062 0€€ x 088 x 0TF 862 X 90z x L92 007 x 0SZ x 00% (A) x (H) x (M) sz1g

»no07 ySig O X X 7w Z aqn) rendg Jugy aqny X IojRINWNOOY

ysnoiqi M0[ ] y3noiy; MO[ y3noiy MO7 g y3nouy; Mol amso.ﬁu Mmoryg y3noiy; Mmop g I0SU3S INSso1]

Ll M0 Y31 2077 ‘g3t 431 BE S &0 Y31 Jwlp aInssa1g

00s 00S 0cy 002 0cy 005 sW0 /8 ‘o1nssaad Indingy

urw /gur Hm%o%ojf T+ [orm/fwgy 0F 10 %5 T %02F utun/7ul mmow\wvoj_luH . uraw/ ju mmo.e\wo.*lua - % 0F £oeImdoe Fumjes mopg

urur/7we) 0 F 10 %0° TF %€ 0F %€ 0F £iqess ajex mopy

6°6~T1"0 0°02~1°0 0°0I~T'0 0°0T~T10°0 6°6~1"0 66°6~T10°0 ulur/ 7w ‘9je1 Moy
uonedy1oads [e1auas)

N ‘ H T v _ M asos-01H dwng

uoryedyoads [eiousg Jo uostiedwo)) G siqe]

(68)



