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Automation Analysis for Pfooess Control by Flow Injection Analysis
~ Yutaka HAYASHIBE, Minoru TAKEYA

MaterlalsCharacterlzatlonCenter Central Reserch Institute, Mitsubishi Materials Co.,
1-297, Ki tabukuro-cho, Omiya, 330, Japan

‘Flow-injection analysis ( FIA ) is a powerful tool as a monitor for various
industrial process control. The method, owing to characteristics such as high analysis
rate, high precision, low reaoent consumpt ion, smple equipment and automation, is
potentially suitable for this purpose. Various automated systems based on FIA have been
reported 1n recent ten years. We describe summaries of these applications and view
applicability for process monitoring.
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Fig.1 Robot/Flow injection manifold for the determination of starch infoodstuff 7.
P1,P2: peristaltic pump, V1,V2: line switching valve, V3: sample injection valve (45.3
u1), Ll: coil (0.5m ), 12: coil (2m ), DW: digester waste, FW: filter waste, CF:
clean-up filter solution, SA: solution for assaying sugar, RI: 0.04%W/V)
neocuproine-0. 02%(W/V)CuS04 soln. ( 0.7 ml min™), R2: 0.6 M NaOH ( 0.7 ml min™), T:
70C, W:waste. :

Performance; dynamic range: 2.2-21.6 g 17, total analysis time: 69 min sample™.

Fig. 2 FIA system for the parallel determination of glucose and sucrose °.

3XEl: three p-fructosidase reactors, E2: mutarotase, E3: glucose dehydrogenase, P1,
P2: peristaltic pump ( P1=1.7 ml min?, P2=0.8 ml min™ ), V: injection valve,
D:spectrofluorometer ( Aex= 340 mm, Aem= 465 mm), 1: buffer-standard soln, or
buffer-sampie soln., 2: co-substrate, 3: waste..

Performance; dynamic range: 10-300 .M.
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Fig.3 FIA manifold for the determination of protolytes in carbonated ammonia
solutions®. '

C: carrier (water, 2.32 ml min), R: reagent ( 0.5 M sodium nitrate — 0.5 M acetic
acid — 4X<10° M bromophenol blue for total alkalinity, 0.45-0.5 M boric acid — 4
X10° M cresol red — sodium nitrate for strong alkalinity, 0.57 ml min™), S: sample
2.2 ml min™), D: spectrophotometer with flow cell ( 10 mm path length, 18,1, 592 mm
for total alkalinity, 572 m for strong alkalinity ), RC: mixing coil ( 0.6 m, 0.5 mm
i.d. ), V: injection valve ( 110 p1 ).

Performance; dynamic range: 2.5-30 mM for alkalinity, precision: <1.7 % (R.S.D.) for
ammonia, <14 % (R.S.D.) for carbon dioxide, 120 sample h™.
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Fig.4 Manifold for the trace enrichment of gold using a supported liquid membrane
( SIM)?. P1, P2: peristaltic pumps ( P1=5m] min™ each line, P2= 6 ml min™ each line ),
RC: reaction coil, V1,V2: 4 way injection valves ( V1: 101 ), C: microcolumn packed
with Polysorb MP-1 (bead size=35 xm, 1 mn i.d.), B: 0.5 M triethanolamine-Titriplex
II (pHB ), E: methanol, Org.: 1% tridecylamine-50% TBP/heptane, W, Wat. : water, W1,
W2: waste. '

Performance; dynamic range: -0.01-0.1 mg 17, precision 2-7 % at 0.04 mg 17 level,
detection limit: 0.005 mg 17, 24 samples h.
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Fig.5 Manifolds used for determination of Pt and Pd in stongly acidic solution'’.

(A) >5 pwgml™; C: 0.1 MSnCl, — 1 MHCL, P: peristaltic pump ( 1.1 ml min™ ), S:
sample ( 180 x 1), RC: reaction coil (2 m ), D: spectrophotometer ( 460 nm, 635
m ), W: waste. '

(B) <5 pwgml™; C: 1 MHCI, R: 0.3 M SnCl, , P: peristaltic pump ( 1.8 ml min™ each
line ), S: sample ( 180 x1 ), RC: reaction coil ( 2.6 m ), D: spectrophotometer
( 460 nm, 635 nm ), W: waste.

Performance; dynamic range: 0.25-800 « g Pt (I /IV) ml™, 5-600 g Pd( 1) ml”, precision:

0.6 % (R.S.D., 20ug ml™ level ).

Fig.6 Manifold used for determination of Fe(Il) in ash treatment stream™.

C: Water (0.7 ml min™ ), R: 2MHCl (0.7 ml min™ ), P: double plunger pump, S: sample,
RC: reaction coil (2m), DC: dampling coil (10m ), V: sample injection valve, F:line
filter, D: spectrophotometer ( 440 nm ), BPC: back pressure coil ( 0.25 mm i.d. X1
m ), W: waste.
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Fig.7 Flow injection manifold for the determination of the HCl content in hydrochloric
acid production plants®.

C: carrier ( 1.OMKNO3, 3.9 ml min™ ), AS: autosampler ( 0.16 ml min™ ), W: distilled
water ( 11.70 ml min? ), R: 1.OMKNO3, 1.40 ml min™ ), Cl: mixing coil ( 1.14 mm i.d.
X1.5m ), C2: dilution coil ( 0.51 mm i.d. X1.05m ), C3: mixing coil ( 0.5] mm i.d.
X1.6 m ), V: sample injection valve ( 30 x1 ), D: detector ( coated tubular
flow-through electrode, 15.741 ), WL, W2: waste.

Performance; dynamic range: 9-38 % HCl, precision: < 0.6 % (R.S.D, n=15), 60 samples
h.
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Fig.8 Flow injection Manifold for the kinetic-fluorometric determination of V(V)®.
S: sample (0.80 ml min™ ), Rl: fluorimetric reagent ( 10 MDADHA ), R2: 6 MHCI ( 0.80
ml min® ), P: peristaltic pump, V: injector ( 50 1), RC: reaction coil (4 m ),
D: fluorometer with flowcell (Aex=524m, Aem=582mm), T: thermostaicbath (30 °C ),
WI,W2: waste.

Performance; dynamic range: 0.2-2 mg 17, precision: 1 % ( R.S.D., 0.4 mg 17 level,
n=17 ), 29 samples h™.
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Fig. 9 FIA system for on-1ine laccase activity determination inpulp mill waste-water™.

S: sample ( in reactor ), Rl: 50 mM malonate buffer ( pH 4.5, 1.4 ml min?), R2: 10
mM 2, 6-dimethoxyphenol — 100 mM malonate buffer ( pl4.5, 1.4 ml min'), P1,P2:
peristaltic pump, V: sample injection valve (90 u« 1 ), D: spectrophotometer with flow
cell (3041, 10 m path length ), T: 30 C, W: waste.

Performance: dynamic range: 5.5X107°-2.5X10® activity, precision: ~5 % ( R.S.D.),
140 sec sample™

R1 o
P2 Wz
R2 ‘ — ‘ ‘

i

—p>W1

Fig. 10 Manifold with on-line prevaporation/spectrophotometric detection for the
determination of sulphide after conversion into hvdrogen sulphide®™. Pl, P2:
peristaltic pump, Rl: 3.73X10°M NHsFe(SO4)2 - 12H20 — H2S04 (0.7 ml min™ ), R2: 1.92
X10M p-diethylaminoaniline — trichloroacetic buffer ( 0.7 ml min”, pH=1.16 ), R3:
1M trichloroacetic buffer ( 1.3 ml min?, pH=1.16 ), S: sample ( injection or cont inuous
aspiration ), V1, V3: selection valve, V2: sample injection valve ( 1500 1), C1,C2:
reactioncoil (Cl=1m, C2=inthemanifold figure ), PM: prevaporationmodule D: detector
with flow cell ( 10 mm path length ), W1, W2: waste.
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