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(54)  Apparatus  for  drying  sugar  cubes  

(57)  Device  for  drying  sugar  cubes  containing  a 
heating  apparatus  for  heating  and  dehumidifying  the 
sugar  cubes,  a  conditioning  apparatus  for  cooling  off 
and  possibly  further  dehumidifying  the  sugar  cubes  and 
a  conveying  apparatus  for  conveying  the  sugar  cubes 
through  the  heating  apparatus  and  the  conditioning 

apparatus,  in  which  the  heating  apparatus  comprises  a 
multimode  microwave  cavity  and  a  number  of  micro- 
wave  heads  which  are  connected  to  the  microwave  cav- 
ity  by  their  own  wave-guide. 
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Description 

[0001  ]  The  present  invention  relates  to  an  apparatus 
for  drying  sugar  cubes. 
[0002]  When  producing  sugar  cubes,  a  mixture  of  s 
sugar  and  water  is  pressed  to  the  desired  shape,  size 
and  weight  in  a  press.  Usually,  the  water  content 
amounts  to  approximately  1  .2%  this  being  reduced  to 
about  0.4%  by  drying  in  a  drying  device.  During  drying 
the  cubes  not  only  achieve  the  desired  final  humidity  to 
content  but  also  the  required  hardness  so  that  they  can 
be  packed  in  boxes.  Known  drying  devices  are  hot  air  or 
infrared  drying  devices.  Suchlike  devices  frequently 
have  a  high  energy  expenditure  and  are  large  in  size; 
drying  lines  of  40  metres  are  no  exception.  If  a  break-  ts 
down  occurs  in  such  a  known  drying  device,  the  latter 
will  only  cool  down  slowly  after  the  drying  device  has 
been  deactivated.  As  a  result,  not  only  do  problems 
such  as  caramelization  or  discolouring  of  the  sugar 
cubes  arise,  but  in  addition  to  that  it  takes  longer  before  20 
the  failure  can  be  put  right. 
[0003]  It  is  an  object  of  the  invention  to  provide  an 
apparatus  for  drying  sugar  cubes  with  a  lower  energy 
expenditure,  in  which  the  apparatus  is  also  more  com- 
pact  and  in  which  furthermore  after  deactivation,  a  25 
faster  cooling  down  of  the  apparatus  can  be  realized. 
[0004]  For  this  purpose  the  present  invention  provides 
a  device  for  drying  sugar  cubes  containing  a  heating 
apparatus  for  heating  and  dehumidifying  the  sugar 
cubes,  a  conditioning  apparatus  for  cooling  off  and  pos-  30 
sibly  further  dehumidifying  the  sugar  cubes  and  a  con- 
veying  apparatus  for  conveying  the  sugar  cubes  through 
the  heating  apparatus  and  the  conditioning  apparatus, 
in  which  the  heating  apparatus  comprises  a  multimode 
microwave  cavity  and  a  number  of  microwave  heads  35 
which  are  connected  to  the  microwave  cavity  by  their 
own  wave-guide.  Because  drying  the  sugar  cubes  takes 
place  by  microwave  energy  generated  by  the  microwave 
heads,  compared  to  the  known  drying  devices  a  homog- 
enous  heating  of  the  whole  sugar  cube  takes  place  in  to 
which  most  of  the  humidity  in  the  sugar  cube  is 
released,  thus  saving  between  30%  and  50%  of  the 
energy.  In  addition,  the  length  of  the  drying  route  can  be 
reduced  to  approximately  15%  compared  to  hot  air  and 
infrared  drying.  Especially  because  the  microwave  cav-  45 
ity  is  a  multimode  microwave  cavity,  that  is  that  a 
number  of  microwave  heads  are  provided,  for  instance 
up  to  30  or  more,  it  is  possible  to  adjust  the  generated 
energy  in  an  optimum  manner  to  the  sugar  cubes  in  the 
microwave  cavity.  A  further  advantage  of  the  multimode  so 
microwave  cavity  is  that  the  distribution  of  field  intensity 
over  the  width  and  length  of  the  cavity  can  be  very  even, 
so  that  as  a  consequence  all  the  cubes  are  supplied 
with  the  same  amount  of  energy,  as  a  result  of  which  all 
the  cubes  have  a  same  even  temperature  and  humidity  55 
content  at  the  end  of  the  microwave  cavity. 
[0005]  If  each  wave-guide  is  provided  at  the  location 
of  the  microwave  cavity  with  slots  for  coupling  micro- 

wave  energy  in  the  microwave  cavity,  the  field  intensity 
can  be  optimally  distributed  in  the  microwave  cavity, 
because  of  the  size,  the  angle  of  canting  and  the  mutual 
positioning  of  the  grooves. 
[0006]  In  an  embodiment  of  the  apparatus  according 
to  the  invention  each  microwave  head  has  a  defined 
capacity,  so  that  the  field  intensity  in  the  microwave  cav- 
ity  can  be  varied  accordingly. 
[0007]  A  further  embodiment  of  the  invention  accord- 
ing  to  the  invention  contains  a  sensor  for  detecting  the 
number  of  rows  of  sugar  cubes  conveyed  by  the  convey- 
ing  apparatus  into  the  microwave  cavity,  a  field  intensity 
meter  for  measuring  the  field  intensity  in  the  microwave 
cavity  and  a  velocity  meter  for  measuring  the  conveying 
velocity  of  the  sugar  cubes,  as  a  result  of  which  an  exact 
adjustment  and  control  of  the  drying  process  is 
obtained.  A  humidity  sensor  placed  in  the  microwave 
cavity  can  further  improve  this  control. 
[0008]  Some  embodiments  of  a  device  according  to 
the  invention  will,  by  way  of  example,  be  described  on 
the  basis  of  the  drawing,  in  which 

figure  1  shows  a  schematic  side  view  of  a  device  for 
producing  and  drying  sugar  cubes, 

figure  2  shows  a  schematic  side  view  of  the  heating 
apparatus  according  to  the  invention,  and 

figure  3  shows  a  schematic  top  view  of  the  heating 
apparatus  shown  in  figure  2. 

[0009]  In  figure  1  a  device  for  producing  and  drying 
sugar  cubes  is  schematically  shown  in  side  view,  which 
device  is  made  in  a  usual  line  layout.  Sugar  and  water 
are  supplied  in  the  usual  way  to  a  press  1  ,  in  which  the 
sugar  and  the  water  are  mixed  and  in  which  the  sugar 
cubes  are  pressed  into  the  correct  shape,  size  and 
weight.  From  the  press  the  sugar  cubes  are  conveyed 
via  a  conveying  apparatus  2  to  the  heating  apparatus  3. 
[001  0]  The  heating  apparatus  3  contains  a  multimode 
microwave  cavity  1  9  (figure  2)  and  a  number  of  micro- 
wave  heads  10  (figure  3).  The  conveying  apparatus  2 
conveys  the  wet  sugar  cubes  1  3  through  the  microwave 
cavity  19,  where  the  sugar  cubes  13  are  heated  by 
microwave  energy  to  a  temperature  of  approximately 
75°C  and  most  of  the  humidity  in  the  sugar  cubes  13  is 
released.  Because  of  this  the  sugar  cubes  13  get 
enough  latent  energy  to  arrive  at  the  desired  final 
humidity  content  in  a  conditioning  apparatus  4  (figure 
1).  After  the  sugar  cubes  have  been  conveyed  through 
the  conditioning  apparatus  4,  they  are  conveyed  to  a 
usual  packaging  apparatus  5  by  the  conveying  appara- 
tus  2,  where  the  sugar  cubes  are  packed  in  boxes  or  the 
like.  The  press  1,  the  conveying  apparatus  2  and  the 
packaging  apparatus  5  are  electrically  driven  in  the 
known  manner,  the  drives  being  adapted  to  one 
another. 
[001  1  ]  In  order  that  as  little  microwave  energy  as  pos- 
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sible  is  lost  in  the  microwave  cavity,  the  conveying  appa- 
ratus  2  is  preferably  a  conveyor  belt  made  of  synthetic 
material,  the  dielectric  characteristics  of  which  being 
such,  that  the  conveyor  belt  takes  up  as  little  energy  as 
possible.  5 
[001  2]  The  heating  apparatus  3  contains  a  number  of 
microwave  heads  1  0  which  are  connected  to  the  micro- 
wave  cavity  by  their  own  wave-guide  1  7  (figure  3).  In  the 
embodiment  shown  in  the  figures,  the  wave-guides  are 
placed  horizontally,  transverse  to  the  direction  of  con-  w 
veyance,  with  the  microwave  heads  at  the  ends  of  the 
wave-guides.  Alternatively,  the  microwave  heads  can  be 
placed  directly  under  the  stream  of  sugar  cubes,  the 
microwave  heads  being  connected  with  vertical  wave- 
guides  to  the  microwave  cavity.  This  last  alternative  15 
embodiment  provides  a  more  compact  construction 
form  and  a  good  heating  of  the  sugar  cubes,  which  is 
almost  independent  of  the  height  of  the  sugar  cubes.  In 
addition,  in  the  exemplary  embodiment  shown  in  the  fig- 
ures,  the  number  of  microwave  heads  is  five,  although  in  20 
practise  up  to  thirty  or  more  heads  can  be  used.  The 
microwave  heads  are,  for  instance,  are  standard  indus- 
trial  heads  with  a  capacity  of  1  .2  kW,  for  example. 
[001  3]  Each  wave-guide  1  7  is  provided  at  the  location 
of  the  microwave  cavity  with  slots  18  for  coupling  the  25 
microwave  energy  in  the  microwave  cavity.  The  size, 
position  and  mutual  positioning  of  the  slots  1  8  can  be 
chosen  to  obtain  a  desired  field  intensity  distribution  in 
the  microwave  cavity.  Furthermore,  each  microwave 
head  has  a  defined  capacity,  or  an  independent  capac-  30 
ity  adjustment  in  order  to  further  distribute  the  field 
intensity  as  desired. 
[0014]  Because  the  microwave  heads  are  independ- 
ently  adjustable,  the  action  of  the  inventive  drying 
device  is  improved  with  regard  to  the  known  devices,  35 
namely  in  startup  and  stop  situations.  When  starting  up 
the  inventive  device,  the  microwave  cavity  will  slowly  be 
filled  with  sugar  cubes.  In  order  to  obtain  a  uniform  dry- 
ing  process,  in  accordance  with  this  several  microwave 
heads  are  switched  on  upon  starting  up  or  more  capac-  40 
ity  is  generated  by  the  microwave  heads.  An  adjustment 
of  this  kind  can  be  controlled  by  the  sensor  12  at  a 
known  conveying  velocity.  In  a  stop  situation,  for 
instance  when  there  is  a  breakdown,  the  energy  supply 
to  the  microwave  heads  can  be  switched  off  immedi-  45 
ately,  as  a  result  of  which  heating  does  not  take  place 
either.  The  microwave  cavity  then  cools  off  immediately. 
Problems  such  as  caramel  ization  or  discolouring  do  not 
therefore  occur  and  repairs  can  be  speedily  carried  out. 
[001  5]  In  the  microwave  cavity  1  9  there  are  means,  for  so 
example  one  or  more  ventilators  14,  for  extracting  from 
the  microwave  cavity  air  in  which  humidity  is  included 
which  is  already  leaving  the  sugar  cubes  13.  In  order  to 
improve  air  circulation,  the  conveyor  belt  is  provided 
with  air  passages.  55 
[0016]  A  sensor  12  detects  the  number  of  rows  of 
sugar  cubes  conveyed  by  the  conveyor  belt  2  into  the 
microwave  cavity,  a  field  intensity  meter  16  measures 
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the  field  intensity  in  the  microwave  cavity  19  and, 
together  with  the  velocity  of  the  conveyor  belt  2  meas- 
ured  by  the  velocity  meter,  the  microwave  heads  are 
switched  on  or  off  so  as  to  obtain  a  field  intensity  distri- 
bution  desirable  under  the  detected  circumstances.  The 
advantage  of  a  multimode  microwave  cavity  having 
suchlike  adjustment,  compared  to  using  one  large 
microwave  source,  is  that  an  exact  control  of  the  drying 
process  is  obtained.  A  further  improvement  of  the  con- 
trol  of  the  drying  process  can  be  obtained  by  including  a 
humidity  sensor  in  the  microwave  cavity. 
[001  7]  A  further  advantage  of  a  multimode  microwave 
cavity  is  that  there  is  a  uniform  distribution  of  the  field 
intensity  over  the  width  and  length  of  the  microwave 
cavity,  which  results  in  the  supply  to  all  sugar  cubes  of 
the  same  quantity  of  energy,  so  that  at  the  end  of  the 
microwave  cavity  all  the  sugar  cubes  have  an  equal 
temperature  and  an  equal  humidity  content.  As  a  conse- 
quence,  all  the  sugar  cubes  will  eventually  have  the 
same  residual  humidity  content  and  the  same  hardness, 
which  is  important  for  packaging  and  further  storage  of 
the  sugar  cubes. 
[0018]  In  order  to  prevent  undesired  microwave 
energy  from  leaving  the  heating  apparatus  3,  the  latter 
is  provided  with  protective  devices  1  5. 
[001  9]  After  the  sugar  cubes  have  passed  through  the 
microwave  cavity,  they  are  conveyed  by  the  conveyor 
belt  to  and  through  the  conditioning  apparatus,  where 
the  sugar  cubes  are  cooled  by  means  of  cooling  means 
for  generating  air  circulation.  In  addition,  this  air  ensures 
the  discharge  of  the  humidity  which  may  be  leaving  the 
sugar  cubes.  In  that  way  the  sugar  cubes  obtain  the 
desired  final  humidity  content  and  the  desired  hardness. 
[0020]  Given  that  the  microwave  heads  are  cooled  by 
air,  this  air  is  heated.  This  heated  air  can  be  led  to  the 
microwave  cavity  of  the  heating  apparatus  by  means  of 
tubes.  The  thermal  energy  of  this  air  is  then  used  for 
additional  heating  of  the  sugar  cubes,  this  heated  air 
also  discharging  humidity  released  in  the  microwave 
cavity  and  preventing  condensation  in  the  microwave 
cavity. 
[0021  ]  With  the  drying  device  according  to  the  inven- 
tion  a  drying  process  which  is  85%  faster  in  comparison 
to  known  drying  devices  is  obtained,  with  an  energy 
saving  of  30  to  50%.  Moreover,  the  floor  surface 
required  by  the  device  is  considerably  reduced. 

Claims 

1  .  Device  for  drying  sugar  cubes  containing  a  heating 
apparatus  for  heating  and  dehumidifying  the  sugar 
cubes,  a  conditioning  apparatus  for  cooling  off  and 
possibly  further  dehumidifying  the  sugar  cubes  and 
a  conveying  apparatus  for  conveying  the  sugar 
cubes  through  the  heating  apparatus  and  the  condi- 
tioning  apparatus,  in  which  the  heating  apparatus 
comprises  a  multimode  microwave  cavity  and  a 
number  of  microwave  heads  which  are  connected 
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to  the  microwave  cavity  by  their  own  wave-guide. 

Device  for  drying  sugar  cubes  according  to  claim  1  , 
in  which  each  wave-guide  is  provided  at  the  loca- 
tion  of  the  microwave  cavity  with  slots  for  coupling  s 
microwave  energy  in  the  microwave  cavity. 

Device  for  drying  sugar  cubes  according  to  claim  1 
or  2,  in  which  each  microwave  head  has  a  defined 
capacity.  10 

Device  for  drying  sugar  cubes  according  to  claim  1  , 
2  or  3,  in  which  the  microwave  cavity  contains 
means  for  discharging  air  and  moisture  out  of  there. 

15 
Device  for  drying  sugar  cubes  according  to  any  one 
of  the  preceding  claims,  in  which  the  device  is  pro- 
vided  with  a  sensor  for  detecting  the  number  of 
rows  of  sugar  cubes  conveyed  by  the  conveying 
apparatus  into  the  microwave  cavity,  a  field  intensity  20 
meter  for  measuring  the  field  intensity  in  the  micro- 
wave  cavity  and  a  velocity  meter  for  measuring  the 
conveying  velocity  of  the  sugar  cubes. 

Device  for  drying  sugar  cubes  according  to  any  one  25 
of  the  preceding  claims,  in  which  the  microwave 
cavity  is  provided  with  a  humidity  sensor. 

Device  for  drying  sugar  cubes  according  to  any  one 
of  the  preceding  claims,  in  which  the  conditioning  30 
apparatus  is  provided  with  cooling  means  for  cool- 
ing  the  sugar  cubes  by  means  of  air  circulation. 

Device  for  drying  sugar  cubes  according  to  any  one 
of  the  preceding  claims,  in  which  the  conveying  35 
apparatus  is  a  conveying  belt  made  of  synthetic 
material  which  absorbs  almost  no  microwave 
energy. 

Device  for  drying  sugar  cubes  according  to  claim  8,  40 
in  which  the  conveyor  belt  is  provided  with  air  pas- 
sages. 

45 
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